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Foreword 


T HIS NEW EDITION, as was anticipated from the welcome afforded the first 
edition, gives ample evidence of the high regard in which the book is held 
b}' the profession as a nhole and that large component devoted to the studj' of 
heart disease. The first edition exemplified a broad approach to the subject in 
that embryology, normal anatomy and histology as well as physiology and etiol- 
ogy were combined with pathologic anatomy, pathologic physiology and clinical 
manifestations so as to constitute a unified consideration of current knowledge 
and of research potential. Tire same breadth of approach prevails in this new 
edition. Pathology, in its maturity, continues to grow and develop. 

It has been necessary to reset the type completely which adds to the excep- 
tional opportunity for revision by those who contributed to the earlier edition. 
Tins situation has been exploited in many ways, such as in sentence and para- 
graph structure, certain changes in classification and terminology, insertion of 
new illustrations, alteration of paragraph headings and extension of bibliography. 
It is fortunate indeed that the original authors are available for the revision, and 
the enthusiasm of tlieir response is exemplary. A certain amount of alteration 
has been necessary to harmonize the presentation with new chapters. The use 
of somewhat smaller type is not a conspicuous change and the book can be 
read as comfortably as ever. 

New chapters expand the overall coverage admirably. The wisdom of the 
choice of topics is complemented by the selection of contributors known to be 
recognized authorities in their fields. Catholicity is evident throughout but we 
may be proud that a group of Americans can xvrite a book of this character. And 
each new chapter continues the fine tradition of the earlier edition. These follow 
the methods of the preceding edition in discussion of form and function, of 
clinical manifestations and diagnosis and of prognosis and therapy. 

The chapter on conduction system clearly delineates widely accepted views 
and presents fairly and adequately the few controversial aspects. The pathology 
of the aarfa is now <IescrtbeiI seqnentwJ/y and in a manner readily available for 
reference. A comprehensive presentation of histochemical procedures is a great 
value to any pathologist and is well adapted to the special study of the cardio- 
vascular system. In the course of becoming a spectacular adjunct to the treat- 
ment of acquired and congenital lesions of the heart, surgery has compelled the 
pathologist to give special and often instructive attention to the various correcti- 
ble conditions. The methods, usefulness and limitations of surgical attack are 
admirably described. The influence of heart disease on other organs and systems 
of the body has been recognized for a long time and has been carefully studied. 
Only comparatively recently has the interdependence of cardiac and pulmonary 
function been firmly established. To have this relationship so well covered 
that all students of disease in the thorax may profit is a fine addition to the book. 

An impressive perspective of the whole subject is provided by the historical 
rex'ie\v, vvitl) amplification in individual chapters, and tlie suggested avenues for 
further study and research. Tlie editor and contributors are to be congratulated 
on a task well done. 


HowAiin T. Karsner, M.D., LL.D. 



Preface 


T he coLLABORATons of this monograph on the heart deeply appreciate the 
cordial reception by the medical public of the first edition The call for a 
second edition within the space of six years indicates that the volume has filled a 
need. It is gratifying to have all of the collaborators of the first edition participate 
in the preparation of the new edition, and to note that they have done so with 
even greater enthusiasm. 

Owing to the e.\tensive revisions and additions that have been made, it has 
been necessary to reset the type completely. In addition, five new chapters have 
been added, covering the following subjects: the conduction system, diseases 
of the aorta, cardiopulmonary' disease, surgery of the heart, and histochemical 
procedures. The emphasis has remained on correlation of the clinical and patho- 
logic findings. In order to make room for new material included in the original 
chapters and for tlie additional chapters, and still keep the selected material 
u'itliin the space of one I'oJumc, it lias been necessary to limit the space allow- 
ances sharpl)’ and to use smaller sizes of type. 

Sincere thanks and appreciation are gratefully expressed to the collaborators 
for their splendid cooperation, to Mr. Charles C Thomas and his associates for 
outstanding acluevoment in liookmaking, to Mrs. Ruby Arquette for meticulous 
care in typing and proofreading; and to Mrs. Ruth Tobey for assistance in the 
preparation of the indices and for proofreading. 

Finally, die editor offers the hope that this volume may be found useful and 
that it may reflect credit to the field of pathology by supplying the reader with 
readily available authentic information with reference to diseases of the heart. 

S. E. Govld 


Contents 


Page 

Collaborators v 

Foreword jx 

By Howard T. Karsner, Af.D., LL D. 

Preface . xi 

I. History of the Pathology of the Heart 3 

By Edward B. Krunddwnr 

II. The Development of the Heart 24 

By Bradley M. Patten 

III. The Structure of the Adult Heart 93 

By A?G.tmif?cr Barry and Bradley M. Patten 

IV. The Conduction System 132 

By Maurice Leu 

V Physiology of the Heart ... 166 

By Harold D Green 

A. Normal Cardiac Physiology 166 

B. Abnormal Cardiac Function 200 

VI. Congenital Malformations of the Heart and Great Vessels 260 

By Jesse E. Edwards 

A. Malformations of the Atrial Septal Complex 260 

B. Malformations of tlie Ventricular Septal Complex 294 

C. Malformations Resulting from Abnormalities in Partitioning of 

Truncus and Conus Arteriosus 354 

D. \falformations of the Valves 375 

E. Malformations of Endocardium and Pericardium 417 

F Malformations of the Coronary Vessels 425 

G. Aneurysms of the Aortic Sinuses (Valsalva) 435 

H. Malformations of Aortic Arch System 438 

I. Malformations of the Thoracic Veins 481 

VII. Degenerative Lesions 497 

By Willem B. Wartman and Willard T, Hill 

VIII. Dise^4s of the Coronary Arteries 555 

B(f S. E. Goidd 

tC Atherosclerosis 555 

B. Non-atheromatous Lesions 634 

IX. Rheumatic Disease of the Heart ^3 

By Archie H. Baggenstoss and Otto Saphir 

X. Nonrlieumatic Inflammatory Diseases of the Heart 696 

By Otto Saphir 

A. Pericarditis 696 

B. Endocarditis (Nonrlieumatic) 710 

C. Myocarditis 779 


Iwl 



xvi PATHOLOGY OF THE HEART 

Page 

XI. Parasitic Diseases of the Heart 824 

By Walter A. Stryker 

XII. Injuries of the Heart and Pericardium by Physical Violence 843 

By Alan R. Moritz 

XIII. Neoplasms of the Pericardium and Heart 859 

By Otto Saphir 

XIV. Lesions of the Aoita 896 

By Ira Gore 

XV. Cardiopulmonary' Disease 940 

By Averill A. Lieboto 

X\^I. Clinicopathologic Correlations 983 

By Gordon B. Myers 

XVII. Surgery' of the Heart 1015 

By Charles P. Bailey and Joseph E. hnbriglia 

XVIII. Gross Examination of the Heart. Injection of Coronary' Arteries. 

Weights and Measurements of Heart 1043 

By Otto Saphir 

XIX. Histochemical Procedures in the Study of Heart Disease 1067 

By J. F. A. McManus and Miguel A. Guerrero 

Author Inde.x 10S3 

Subject Index 



PATHOLOGY 
of the HEART 



CHAPTER 1 



Histoiy of the Pathology of the Heart* 

Edwabd B. ^umbhaar 


Early Observations 3 Fencardium 

Congenital Heart Disease 8 Endocaidium 

Size of Heart 12 i\ryocardium 

Coronary Heart Disease 13 Functional Disturbances of Heart Action. 

Cardiac Rupture 1^ Cardiac Arrhythmias 

RhciimaUc Heart Disease 14 Bibliography 

Cardiac Syphilis 18 


16 

16 

IS 

20 

21 

23 


U seful kkowuedge of the patliology of the 
heart — “pathology” including all the 
changes produced by disease whether struc- 
tural or functional— is a relatively recent ac- 
quisition along the long path of medical his- 
tory. The slowly accumulating knowledge of 
disordered cardiac structure and function pro- 
duced little of practical value before the 19lb 
century. The ancients even maintained that 
the heart was not subject to disease — cor non 
aegrotare posse, as Hippocrates is said to put 
it.f Galen's classification of types of heart 
disease (wounds and inflammations, pericar- 
ditis and pericardial effusions, palpitations) 
disregarded any logical sequence and, as 
might be expected, was woefully incomplete 

* In the short space available, it is obvious that 
frequently the bare mention of a name must suffice 
Fortunately, the details of important contributions — 
often, the pertinent portions of the original Irats, in 
English translation — ^by such leaders as Benivieni, 
Haller, Morgagni, Vieussens, Senac, Hebwden, Pany, 
Adams, Stokes, Cowper, Duroziez, Polain, Comgan, 
Hope, W. His, Jr„ Keith and Flack, can be found 
in Willius and Keys’ Cardiac Classics, Major’s Classic 
Descriptions of Disease, and several volumes of Kelly’s 
Medical Classics, and other antliologies. 

f This statement is offered fay both Moon and Her- 
rick as the basis for the erroneous belief that Ac 
heart cannot be diseased. The nearest that I, wiA 
the help of W. B. McDaniel II, have come to this 
notion is in Littre’s translation of de Morbis: Nallus 
in corde morbus suboritur (No disease arises in the 
heart); elsewhere it is stated Aat the heart do« not 
labor with pain. It is suggested tlial "aegrotare” may 
be ’an early paraphrase of Ae original Greek, in 
which case Hippocrates should not be held responsi- 
ble for the more glaring error. 


to modem eyes. Yet it controlled the current 
of medical thought for some 1300 years. With 
very few exceptions, it was only in the I5th 
century that even gross anatomic changes be- 
gan to be recorded. Pietro di Montagnana 
(died 1460), for instance, noted damaged 
hearts in 14 dissections at Padua. 

Functional disturbances such as palpita- 
tion (said to be frequently mentioned by 
Hippocrates) and anhythmia (a term attri- 
bute to Galen) were naturally recognized 
much earlier though the word “palpitation” 
until recent times covered a wide area ranging 
from a violent pulsation to an increased activ- 
ity due to diseases. An irregular pulse meant 
little more tlian an irregular pulse until in- 
struments of precision led to classification of 
the various arrhythmias into objectively recog- 
nizable types. These are considered in Chap- 
ter V, B and their story outlined later in this 
chapter. Tlie two branches of the subject, 
structural and functional, were, to be sure, 
often mingled in what today would be called 
a clinicopathologic study, straight pathologic 
anatomic writing gradually emerging as 
knou'ledge of this branch became more ex- 
tensive. 

The development of knowledge of patho- 
logic changes in the heart came slowly, as it 
did for most of the internal organs. This 
growth can conveniently be considered in 
tliree overlapping periods; the first, the long- 
est and least valuable today, characterized by 


f3l 
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,40 TH. KERCKRINGII 


Tabula. XXII. ad Obfemtionem l x i x. cor tri- 
plici ventriculo prxditum oflendic. 

A. Cortri^IicipraJiiimventriatlo, 

B. B. Duo dextri cordis ventricuU. 

C. SinijlerTentr'iculus. 

D. Arterta pukiomria ex utro^ue dextro rentricula 

^od'ms. 



Figure I-l. From Kercknng’s report {In Spioi^egium 
AnafomicMni, 1670, Obs 69, Table ^), shoNviug a 
heart with a third ventricle. D, Puunonaty artery 
ansing from the double nght \entncle. (The letters 
SB and C do not appear m the onginal illustrabon . ) 
Note the crudity characteristic of many ITtli century 
illustrations 


isolated observations of such material as 
chance offered, the second, in the 17tli and 
18th centuries, a period of systematized col- 
lections of cases usually including some clin- 
ical materiah and the third, in the 19tli and 
20th centuries, a period of treatises and test- 
boohs, with increasing attention to the laws 
underlying the observations. Almost negligible 
tlirough ancient, classical and medieval times, 
for practical purposes the beginning of cardiac 
patholog)' may conveniently be located in the 
Renaissance witli Benivieni’s Ve Abdilts Mor- 
bon,m Cnnsis (published posthnmnnsly. 
1507). Of the 111 chapters in this small book, 
one of the 20 that included a postmortem re- 
port, describes what seems to be .an acute pen- 
carditis, tliougll it is not clear whether by the 
cavity” cm pills refertum (covered watl. 
hairs) is meant that of the pericardium or of 
one of the cardiac chambers. Another case 
revealed a “pobp of the heart," an cnoneons 


diagnosis that was not finall)' corrected until 
die 19th century (see Gross, 1857). However, 
disorders of the heart contributed through the 
centuries, though not as often as one would 
expect, to the progress of the anatomic con- 
cept of disease. Even in the great Scpulchre- 
tiim (1679) of Bonetus, we find few signifi- 
cant items of cardiac patliology, though there 
are numerous cases of palpitation and cardiac 
polyps, some of tlie latter having been so 
diagnosed during life. These cardiac polyps 
had a hislor>' far out of proportion to their 
importance. Bauliin (1592), Tulp (1641), 
famed for his Rembrandt’s Lesson in Anatomy, 
and Malpighi (Dc Pohjpo Cordis, 16S6) were 
others who prolonged the confusion behveen 
ante- and postmortem clots, until Kerckring 
(1640-1693) showed that the red, easily re- 
movable kind was merely a postmortem clot 
(Spicilegium Amtomicum, Obs. 73, 1670). 
The error was gradually eliminated as the 
gray, tightly adlierent ante-mortem tlirombus 
became differentiated from the loose red va- 
riety. Even in 1839, in the first edition of Gross’ 
well known Elements of Palhologicol Anat- 
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Figure 1-3 Hayiuond Vieimeni (1641-1715). (Re- 
produced by courtesy of Oxford University Press ) 


omij, polyps appeared as “polypous concre- 
tions,” though in the third edition (1857) 
“polypous” \vas changed to “fibrinous.” Kerck- 
ring also was an early contributor to the pa- 
thology of congenital heart disease; Iiis 69th 
observation showed an infant’s heart with a 
large double right ventricle (cor iriplici ocn- 
triculo ) and a pulmonary artery leading from 
each, to fuse later, as is clearly sho^vn in 
Figure I-l. 

In the 17th century the custom of publish- 
ing assembled cases, from the literature as 
well as from personal observation, reached its 
highest development in Bonetus’ Sepulchre- 
turn and then in Morgagni’s great De Scdibus 
ct Causis Morhorum ( 1761 ), which is properly 
credited with having generally established the 
anatomic concept of disease. Tlie Sejnilchre- 
funi, though it included 2934 obser\’ations 
(cases) made by 470 authors, reports very' 
little about the heart. Even Morgagnis De 
Sedibiis contains much less about the heart 
tlian about other organs and systems. How- 
ever, U’e find reports of the structural clianges 
in a case of what was soon to be called angina 
pectoris; one of the earliest accounts of ap- 


parent heart block ( slow pulse with syncopal 
atlaeks), cases of vegetative endocarditis — 
one associated with gonorrhea; a case of rup- 
ture of the heart; one of myocardial degenera- 
tion; and one of congenital hypoplasia of the 
aorta, — other names of course being applied 
to most of these. Morgagni (Figure 1-2) had 
the great merit of correlating careful clinical 
study with necropsy findings better than any 
of his predecessors and, for that matter, than 
many of his successors. One of tlie greatest 
medical figures of the 18th century, he de- 
serves a prominent position in the history of 
the pathology of tlie lieart. 

Systematic descriptions of cardiac patliol- 
ogy, though of course not in any way com- 
parable to those in modern texts, had occa- 
sionally appeared between the time of Beni- 
vleni and that of Morgagni. We think of four, 
all by prominent physicians — Femel, Vieus- 
sens, Lancisi, Senac. Jean Femel (1497-1558), 
a humanist who pursued all branches of hu- 
man knoivledge, conceii'ed of a Universa 
Medicinn whieJi lie never finished. In one of 
the three completed sections, Pathologia, he 
grouped heart diseases under the peculiar 
headings of inflammation, erysipelas, tumores 
contra naturnm, ulcers and wounds. Over a 
century later, Raymond Vieussens (Figure I- 
3) produced his Traitc Nouveau do la Strtic- 
lure ct lies Causes ties Mouvcmcnls du Coeur 
(1715),* which has been called "the first to 
make serious contributions to our knowledge 
of diseases of the heart” (Moon). In addition 
to good anatomic descriptions of such items 
as the course of the coronary vessels and the 
valve in the coronary sinus, he described 
mitral stenosis (see Figure 1-4) and the char- 
acteristic pulse of aortic regurgitation. (Sec 
also under Endocardium, page 17. ) His con- 
temporary', Giovanni ^far^a Lancisi (1654- 
1720, Figure 1-5), for 13 years a Professor of 
Anatomy, u’hile practicing all the wliile, be- 
came the greatest clinician in Italy. Important 
contributions to cardiovascular knowledge are 
to be found in both his celebrated books, De 
Stihimncts Mortibus (1707), and Dc Molu 

• rublishwl the >ear before lu< death, this text Is 
extremely rare. In the catalogues of scseral great 
medical bbrarics it is only to be found come.ihxl .as 
Part 1 of his Oei/t res Fran^aiscs (1715). 



rifjurf 1*4 <if a ^IcnoNtt! mitral \.iNe 

from !)iv Tuuti Svuicau de hi blmcturc li dcs Cmscj du 


Afourt’mr/ir Saltire! du Co. 

M.tidA IliUonj of Mrdutne. 

Cordis cl Anctirt/stiuilibuf (pitWi-fhc<I postlm- 
mously, 172S). He recognized heart disease 
as one of ihc comwon causes of sudden death 
and gave good desenptions of sclerolic and 
of wart)' >'ajv’cs find of the corfinar\' sj'stcm. 
(See Figure I-6. ) He also described some ar- 
teries t!iat were furnished with narrower ori- 
fices {onfitistioribiis orificiis praediti sunt). He 
dwelt at some length on cardiac "^jneuTysms" 
(in the strict cU'mologic sense of dilatation, a 
meaning still used for some nncur>'sms). 
Hence for him. aneur>'sm was commoner in 
the atrium than in the ventricle and least eom- 
mon in the left ventricle. His h.inclling of the 
causes of heart disease in general was less 
successful, stressing congenital defects, violent 
einotioas, physical effort, palpitations Tlio 
causes of ciirtliac h)‘|>erfroph)' hit somenhat 
nearer the mark: heredity, leaky valves, calci- 
fietl arteries and s'alvos, chronic asthma, true 
and false and sj^phiUtic ancurs’sms. His c«m- 
temj[>orar)', I. F. AllM'rtini ( ir>r>2*1740) favored 
herixlity ami .sj^ihilis (using mercury in its 


ur (Toiihu'e, 1715}. (From 
OMrlc-*.v of Chirffs C TJ»o»i.u.? 

treatment ) as major causes of heart disease, 
and correlated dyspnea and pulmonary edema 
«7th it. 

Dc In Structure du Cocur, de son Action ct 
scs ^faladies (1749) by Jean llaptisle Sonac 
(1693-1770; Figure 1-7) has been generally 
accepted as the most important extensive early 
work devoted entirely to the heart. In the 
cJiaplers on the diseases of ihe heart he recog- 
nized inflammation of all three of its layet^, 
and noted that pcnVardilis might follijw pneu- 
monia or pleurisy or infectious fevers; he also 
obscrx'cd pulsation of the arteries of the 
neck when the left xrntricle was enlarged and 
pulsation of the cervacal veins when the right 
xcnlriclc was cniargt'tl (Major, [fbtory of 
Mctlicinc, 195-}, p. 633). Ossifietl coronaries 
and insiiflicient x’alvcs were other x'alualtle ol>- 
servations. He includid disciissfon of tumors, 
alKcesses, ‘'ulcers’' and woumls, as well as 
arrlistlimia, palpitation and syncope (weak 
action) of tlie heart. However. m.xny of his 
descriptions, like those of his esmtemporarics. 
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Tigure 1*5 Giovanni Mann Lancisi (1654-1720). 
Fron\ un engraving l>y Sciiastian Coiica m Uie firvt 
Million of Ins Oc Matu Conlis ct Ancurysmatthus. 
1728. (Conrtt’S}’ of Amiw! Fortes Librao’-) 

are found in an atmosphere of such fanciful 
concepts tliat they make no great impression 
on the modem reader. 

Textbooks of pathology, in the sense in 
which we use the word “textbook” today, 
may be said to have started modestly with 
Matthew Baillie’s (1761-1823 ) 52-page work. 
The Morbid Anatomy of Some of the Most 
Importanf Parts of the Human Body (1793). 
In the 24 pages of the chapters on the heart 
and pericardium, he touches briefly on inflam- 
mation, abscesr, gangrene, poJj'p, cardiac aneu- 
rysm, fibrous, bony, and "earthy” thickening 
of the valves, rupture of valves and myocar- 
dium, malformations and hypertrophy of the 
heart; and on "white spots,” inflammation, ad- 
hesions, dropsy, excessive diymess, and scrofu- 
lous tumors of the pericardium. Clinical notes 
were included in the first edition only in the 
German translation. The early textbooks in 
France and Germany, such as Lobsteins 
Traite d’Anatomie Pathologiqite (1829) and 
the younger Johann Friedrich Meckel’s Hand- 


buch (1812, 1818) dealt with general pathol- 
ogy only, the .special pathology being cov- 
ered by atlases. On the otlicr hand, the first 
textbook of any size in this country. Elements 
of Pathological Anatomy ( 1839), by Samuel 
D. Cross (1805-1884), was divided, as most 
teaching texts are today, into general and 
specialized pathologic anatomy. But in the 
latter portion, the heart and its membranes 
ocaipied rmly 40 of the 510 pages. Rupture 
of the heart was regarded by Gross, and for 
most of a century after, as “generally the re- 
sult of ulceration or of the softening of fatty 
degeneration.” 

The French School, dominant in the early 
19tlj century because of the political situa- 
tion in Europe and the French achievements 
in physical diagnosis, also set the pattern in 
the expanding knowledge of the pathology of 
the heart. (See Figure 1-8.) Two great clini- 
cians, Jean Nicholas Corvisart (Figure 1-9) 
and R. T. H. Laennec (Figure I-IO), led this 
advance. Corvisart’s Essai sur les Maladies et 
Ics Ldsions Orgamqiies du Coeur (1806), by 
means of clinical lectures with a pathologic 



Figure 1-6. Vieiissens’ illustration of the coronary 
artetiex from the Traite Plate 5, antenor 

Mew. (Courtesy of Armed Forces Merlical Library.) 
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Figure I»7. Jean Baptiite Senat ( 1693-1770) (From 
Hemck’s History of Cardiology, courtesy of Charles 
C Tliomas.) 


basis, established our present custom of con- 
sidering heart disease according to its three 
layers (pericardium, myocardium and endo- 
cardium) with a fourth class for diseases 
contra naturam and those affecting several tis- 
sues (pancarditis). Corvisart emphasized the 
frequency of organic heart disease, separating 
it from functional varieties, correctly un- 
raveled tlie still tangled problem of pol>T)s, 
distinguished beh^’een hyperfropJiy and dih- 
tation, and between fatty infiltration and de- 
generation ( which latter he said he had nes’er 
seen), and between effects of stenosis of the 
different valves. He described rupture of the 
chordae tendineae and papillarv’ muscles, also 
hydatids, as well as the conventionally ac- 
cepted cardiac disorders. His pupil Laennec, 
in his celebrated Traile tie I'Ausatllation 
MMiate ( 1819, 1826), further developed Cor- 
visart’s lead, quoting from him frequently but 
with greater precision in tlie description of 
physical signs and the correlation with au- 
topsy findings. For tlie first time it became 
possible to distinguish h)q)ertropby of dif- 


ferent chambers. Laennec appreciated that 
failure of the heart was seldom seen except in 
dilated x-entrieJes, ivith or ulthout hj^pertro- 
phy: and that a In-pertrophied heart is a dis- 
easetl heart. To Iiim is ascribed the statement 
that a normal heart should be the size of the 
persons clenched fist. He recognized that 
communications betu’een the s'entricles ivere 
not necessarily congenital in origin. He ga^■e 
good descriptions of cardiac irregularities and 
murmurs, but interpreted wTongly the origin 
of the hwj normal heart sounds. TJie occa- 
sional staining of the valves by postmortem 
hemolysis he attributed to inflammation. 

Thereafter, the heart occupied increasing 
space in tartbooks of pathology, and included 
increasinglj’, especially in the 20th centur)', 
more and more helpful information and lines 
of investigation from correlated disciplines. 

At this point the story' becomes so volumb 
nous that it must be considered under special 
headings, and even tlien by taking illustrative 
items only. We turn first to Congenital Mal- 
formations. 

Congenital Heart Disease offers good ex- 
amples of a long, random progress of path- 
ologic k-nowledge in a gi\’en subject before 
integration was accomplished. A number of 
congenital heart lesions had been observed 
and reported for centuries without coordina- 
tion and utilization of the data obtained. 
Sometimes, as in the case of morbus caemleus 
and the fourfold lesions of the tetralogj' of 
Fallot, the tivo concepts developed independ- 
ently for some time. One lias only to compare 
the earlier accounts witli Uieir largely empiric 



Figure X-8. ficofe de A/^ecine de Paris in the early 
19di century, when French pathology was dominant. 
(From a conteniporai>' engraving in the Bibliothi-qwc 
Nationale.) 
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explanations of the genesis of the several le 
sions with Carl Rokitansky’s (Figure I-ll) 
Die Defekte dcr Schcideivdnile des Herzens 
(1875) to realize the rapidity of progress 
made in the grasp of the subject. Recent y 
acquired embryologic knowledge and Iremen 
dous zeal in unearthing new types of mal- 
formations were important aids thereto, 
ready in the third edition of his Lchrhueh der 
pathologischen Anatomic (1850), Rokitansky 
had included such congenital anomalies as 
acardia, ectopia, two-chambered heart, lliree- 
chambered he.ut with either two atria or two 
ventricles, a rudimentary ventricular septum 
with aorta arising from both ventricles, several 
varieties of defective atrial or ventricular sep- 
tum (Figure 1-12), P-atent ductus artenmus, 
double heart, bifid apex, doubled great vm- 
scls, excessive (and insullicient) mimlier 


valve cusps. In fact, he mentioned so many 
TOrielies that he has been criticized as liaving 
slavishly included for each structure all con- 
ceivable pathologic defects. However, he was 
able to predict unknown varieties, examples 
of which were later discovered, an achieve- 
ment not often to be found in medical history. 
Tins process of assembling and reinterpreting 
has been carried on conspicuously in the pres- 
ent century by Maude Abbott (1869-1940, 
Figure 1-13). 

Some of the early isolated findings were so 
premature that they failed to contribute to 
the stream of progress. Some even retarded it, 
as when Bolallus ( 1565) and Gassendi ( 1630) 
used their findings i)f openings in the septa 
of some adult hearts as evidence for tlie 
normal existence of a iiervious cardiac sep- 
tum. Harvey, loo, had seen these persisting 
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Figure I-IO Rene-Theophile-Hyacinthe Laen- 
nec 0781-1826). {From a miniature on ivory 
in the Faculty of Medicine of Pans ) 


slits and knew that various lower species 
had a common ventricle throughout life, but 
consideration of all tlte evidence and logical 
deductions led him to the correct answer to 
this long-disputed problem. At the other ex- 
treme, Vieussens is said by Corvisart (1806) 
to have observed a premature closing of the 
foramen ovale in the fetus. 

Ventricular septal defects are said to liax'e 
been reported by observers as early as Steu- 
Sen { 1638-1686 ) . Corvisart recognized simple 
Septal defects as being either congenital anom- 
alies or the result of inSarnmatory per- 
foration. H. L. Roger (1809-1891) was able 
to diagnose the simple septal defect by auscul- 
tation (1879) and regarded it as an anomaly, 
often harmless, rather than an organic disease. 

Tile combination of lesions knowm as car- 
diac cy'anosis {maladic bleuc, morbus cac- 
Tuleus) has been known since the 18th cen- 
tury; in fact, E. Sandifort (1742-IS14) of 
Leyden in 1777 gave a detailed description 
that covered its four chief lesions, as did also 
Morgagni (1761), William Hunter (1784), 
]. R. Farre (1814), E. Gintrac (1824) and 
T. B. Peacock (1866). However, E. L. A. 
Fallot's Contribution a VAnatomic Patholopi- 


que dc la Maladie Bleuc (ISSS), apiiearing at 
a timelier moment, attracted so much atten- 
tion that the condition became known as the 
“tetralogy of Fallot,” an eponym that seems 
destined to endure for some time. Tlie “Eisen- 
menger complex,” Fallot’s tetralogy without 
pulmonary stenosis, %vas first reported in 1897 
{Ztschr. f. klin. Med.) The rare “idiopathic 
dilatation of the pulmonarj' artery” we owe 
to B. Zuber (1903) and B. S. Oppenheimer 
(Tr. A. Am. Physicians, 48:290, 1933). 

Tlie ductus arteriosus u'as also known as 
the ductus Botalli, though Castiglioni and 
others thought that Botalfus had probably 
confused it with the foramen ovale. Aranzio 
saw it about 1550 ( confirmed by G. Carcano, 
159.3; Reiman, 1757). Norman Chevers saw 
(1845) tlie first typical solitarx' case in an 
adult, confirmed at autopsy, Ligation was first 
suggested by J. C. Munro in 1888, but not suc- 
cessfully carried out until 1939 by R. E. Gross 
and ). P. Hubbard. 

Of tlie heart as a whole, e.vamples of double 
hearts had occasionally been observed (Zacu- 



FigurcMl. Carl Roldtaniky (1804-1878). (From an 

ongtnal carte de visile phofograpii. CoUoee or ri'."' 
cians of Philadelplua.) 
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Figure 1-12. Heart with transposed aorta ami septal 
defect. (From Rokitansky’s Die Defekte der Scheide- 
u-ande des Hersoiw ) 

tvis Lusitanus, 1637), as well as bifid apices 
and lesser abnormalities oI a similar kind. 
Nonviable acardiac monsters and ectopia cor- 
dis are included in Andral’s Precis (1829), .is 
in several textbooks of the period. Baillie 
(17S8) described true dextrocardia as part of 
a general transposition of viscera ( Phil. Trans. 
Roi/. Soc. London, 78:350, 1788), and ex- 
plained it as one of the three types of den’a- 
tion from the normal creative action that pro- 
duces structure, the others being deficiency 
and redundancy. A hvo-chambered lieart is 
described in Farre’s book, and Peacock cites 
two cases, though perhaps unreliable, from 
the 17th Century (Pozzi, 1676, Lanzonr, 1691 ). 
His examples of three-chambered licarts start 
'\ith Chemineau (1699) and continue willi 
increasing frequency up to his time. Such 
anomalies, amounting to diflcrent degrees of 
sept.il defects, reached their culmination in 



Rokitansky’s magnificent work on the subject, 
mentioned above, classifying 11 varieties of 
ventricular and eight of atri.il septal defects. 

Tlie several types of congenital transposi- 
tion of the great vessels >vere well recognized 
by the middle of the 19th centiny'. Tljeir 
pathogenesis, however, was but little under- 
stood. An aorta arising from both ventricles 
(fc, riding on a septal defect) appears in 
J. R. Farre’s book (1814); he cites earlier de- 
scriptions by Sandifort and by William Hunter 
(1784). An early description of transposition 
is found in BailUe’s te.xt (1797), .ind many 
more had been reported by 1870 (especially 
in the Transactions of the London Pathological 
Society, and other English journals). To some, 
the anomaly seemed “a spontaneous aberra- 
tion,” Peacock attributed it to faulty develop- 
ment of the aortic septum; Rokitansky, to a 
failure of the normal torsion of the aorta and 
pulmonary trunks. 'Tlrere the m.itter rested 
until Spitzer’s explanation, based on the re- 
appearance of normally suppressed phyloge- 



Kis«re 1-13. M.iutlo E. AblxiU (1869-19-10). a liftlon}* 
of .XRil co7»lnI>i;jor to llir Imiwlixlgf of fffU- 
{'tfiitjl hc.»rt diM'.wo. ( of Anixil Forit-H 
Institute of I’alliolocs . ) 



Figure 1-14 William Heberden (1710-1801), who 
first described angina pectons (Contemporary engrav- 
ing, after Sir William Beechey’s portrait in the Royal 
College of Physicians ) 


netic and ontogenetic phenomena, led to the 
detoriion theorj' In Maude Abbott’s tvords 
(Aths of Congenital Cardiac Disease, p. 54): 

. . early arrest in the bulbar region of the 
primitive heart tube inevitably interferes \vith 
the cloclcNvise torsion tliat takes place in this 
region in normal growtli; any siicli lack of 
torsion (ie., detorsion) will result in the ob- 
literation of the normal human (left) aorta, 
and the persistence of the reptilian right aorta 
which is evanescent in the human embryo but 
now appears in permanent form as the ‘trans- 
posed’ vessel.” 

Size of Heart. Gross I'.iriations in the size 
of the heart, as might be expected, early at- 
tracted attention. At one extreme, an adult 
heart weighing 34 ounces (100 Gm.) in a 
medium-sized woman of 40 without cardiac 
symptoms, w’as reported by Fa>elle {Proc. M. 
and S.}., London, 5;35S, 1843), xvhereas at 
the other e.vtreme, Senac speaks of a heart 
weighing 15 lb. (68 Kg.) W’hich, as a weight 


set dowm over 200 years ago, must be taker 
wdth considerable reser\'e. T. H. \\'right ol 
Baltimore described one weighing 5 lb., 3 oz 
(2368 Gm.) in a large Negro dying of heart 
failure (Am. J. M, Sc., 12:5, 1833). Vieussens, 
long before, had recognized that an enlarged 
heart was not compatible with perfect healtlr. 
Hypertrophy of different cliambers w’as not 
recognized until after the advent of a refined 
phy-sical diagnosis (Corvisart, Laennec). 

Lancisi appreciated that if the ventricles 
are dilated, the atria also will be, and that 
hypertrophy of the left X’entricle might be 
accompanied by dilatation of the right side, 
with signs of decompensation. A hundred 
years later, the French school distinguished 
between hv'pertrophy of each of the four 
chambers and also behveen dilatation of each. 
Tliey recognized at the autopsy table con- 
centric hypertrophy’ (w’here tlie cavity is di- 
minished in size), the much commoner hyper- 
trophy and dilatation (Corvisart's "active 
aneury'sm”), and simple dilatation, a thin 
wall with little or no change in myocardial 
volume (Bertin, 1833). Tin's bst Com'sart, 
witir etymologic correctness, called “passive 
aneiiry’sm.” The cardiac aneury.sm of our mod- 



Figure 1-13. James B. Herritk (1861-1934). 
(PhofORraph by Walinger. Courtesy of Dr. 
Ralph H. .\faior and Charles C TIKml.^s.) 
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ern parlance was called “partial dilatation"— 
tiresome distinctions tliese, but necessarj- to 
keep in mind if the earlier writings are to be 
comprehended properly. 

Coronary Heart Disease. The story of what 
is today the most important of all cardiac dis- 
orders, coronary artery disease and its conse- 
quences. may be said to begin in 1768 with 
Heberdens (Figure 1-14) vivid picture of 
what he called “angina pectoris from the 
sensation of strangling in the chest. He placed 
It in the class of spasmodic, not inBam- 
matory, complaints. The earlier acTOiint by 
the Earl of Clarendon of his fathers attacks 
with pain in the left arm also depicted angina 
pectoris, though the outcome in sudden death 
would more likely have been due to a itiajor 
coronary occlusion. It was not until 191-, 
however, that coronary thrombosis was clearly 
established by J. B. Herrick (Figure 1- 5) as 
a clinical entity, recognizable during life and 
not necessarily fatal. Incidentally, in e er 
den-s account, and he described a number o 
cases, the heart is mentioned but once, and 
then as not affected by the anginal attack; 
no indication has been found that he associ- 
ated the pain with the heart. Corona^ ossi- 
fication” (today we read calcificalion). to he 
sure, had been correlated with -anS-na-'llke 
pain several times in the past, by 
(1761) among otliers. Herrick says that Lan- 
cisi mentioned calcified coronaries .as a cause 
of cardiac dilatation, and Senac is said to liaie 
associated them with true cardiac 
(i.e., post-infarctional stretching). ® ^5 ‘ 
John Hunter, examining the heart of Fodier- 
gill’s patient who had angina pectons (1776), 
found that the tivo coronaries "were becom 
as one piece of bone." but the connection bc^ 
tween the attacks of pain and 
of the coronaries was not considered. 11 hen 

Hunter himself died (1793) in an angmid ah 
tack, his coronaries appeared as open bon) 
tubes. To Jenner and Parry 
nose, 1799) belongs the , distinction of fimt 
attributing the chest pain to dise^e he 
coromary arteries. P.irry also glimpsed a raiM 
relation between myocardial ischemia and c 
anginal attacks. Allen Burns (Diseases of lie 
Heart, 1809) produced pain in the leg b> 


stmeting the circulation and suggested that 
this might also be the mechanism causing the 
pain in the heart. The same line was followed 
(1927-1932) by Thomas Lewis when he dem- 
onstrated that sharp pain was induced by 
e.xercising muscle deprived of its normal blood 

supply. , . , 

Those who are puzzled as to why practical 
comprehension of coronary disease at the bed- 
side should have had to await the discoveries 
of the 20th century- should read Herricks de- 
scription of the various events that account 
for this gap: a mixture composed of true ob- 
servations that had to be rediscovered, errors 
typical of our halting medical progress, false 
theories Uiat led seekers astray, wTongly evalu- 
ated experiments, over-reliance on the long 
dominant method of physic.il diagnosis, and 
the authoritative but erroneous views of Roki- 
tansky and Virchow, together with a number 
of misleading desigmitions for causes and ef- 
fects (such as cardiac neurosis and fatty de- 



Ficurc 1-10. Karl Albert LriiUvii’ Astlioff (ISf^- 
1912). {I’botoRrapb taken in the autopsy room ox tlie 
Pliil.idclphia General Hospital, 1920.) 
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Figure I-I7. An earJy illustration of an AschofF body. (From second 
edition of Aschofi’s Pathologtsche Anatomic, IQII.) 


generation). In the field of etiology and 
pathogenesis, understanding of myocardial in- 
farction and rupture necessarily had to wait 
for comprehension of tlie concepts of throm- 
bosis and embolism (Virchow, 1846) and ne- 
crosis (Weigert, 1880). The parts played by 
coronarj' stenosis tvithout occlusion and by 
coronary spasm in relation to precordial pain, 
ranging from simple pain to the classic picture 
of angina pectoris, cannot yet be satisfactonly 
explained, even at axitopsy, in many borderline 
cases. 

Cardiac Rupture. Rupture of the myocar- 
dium has been known for at least 300 years, 
Harvey having found at autopsy a tear in the 
left ventricle, presumably in an infarcled area 
(1647). Morgagni reported several similar 
tears and is said to have died of one himself. 
Its predisposing cause, lioivever, ivas generally 
thought until some 30 years ago, to be fatly 
degeneration of the heart muscle (see Knimb- 
haar and Crowell, Am. J. M. Sc., I30;1828, 


1925), this error being ascribable to the pre- 
mlcroscopic authority of Richard Quain 
( 1850). It persisted for many years, however, 
notwithstanding Elleaume’s (Ports thesis, 
1857) insistence on tlie dominating role of the 
coronary lesions and Weigert s clear e.vposition 
of the necrotic nature of the softened muscle 
(1880). The ancients’ belief that traumatic 
injuries of the heart were necessarily fatal 
persisted to the end of the 19th century, in 
spite of numerous reports in the literature to 
the contrary. Gould and Pyle (1937) devoted 
several pages to this subject. 

Rheumatic Heart Disease. A connection 
behveen acute articular rheumatism (rheu- 
matic fever) and heart disease was not even 
suspected until the end of tlie 18th century, 
nils connection betN^'een a joint disorder and 
what was for more than a century the most 
important of heart diseases seems to have first 
appeared in print in the second edition of 
Baillie’s Morbid Anatomy (1797). This idea 
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Die erwahnten 

KnQtchen sind auQerordenUich klem, hSchstens submiliar, und entstclien 
durch Zusamfnenlageruag anf&llend groBer Elements mit einem oder 
melireren abnorni groBen, lucht eingeferbien oder polymorphen Keinen. 
Die Zusammenlagerung der Zellen erfolgt oft in Form eines Fachers 
Oder einer Rosette. Die Peripherie wird von den groBen Xernen, 
das Zentrum von dem oft zu einer schwacheren oder anders fkibbaren 
anscheinend nekrntischen Masse zusammenflteBenden Protopiasiiia der 
Zellen gebildet. Bei fiuchtiger Betrachtung erinncin die faclieiformigen 
Herde an kleinste Gichtnekrosen mit pcripherem Zellmaniol, wie man 
sie banfig in Gichtnleren findet. Id den rijeumatjschen Knbtcheii bandelt 
es sich aber nicht nm tubcrknlose oder Frcrndkarpernesenzellen mit 
mehreren regelmiBig geformten Kernen, sondern urn Geliildc, die melir 
an die groBkernigen Elcmente in gewissen Sarkomen Oder in pseudo* 
leukamischen Wucberungen erinnern. Allerdings bestelien die Knotclien 
niclit ausschlieBlfch aos solebeu groBkernigen Zellen, sondern Xleine und 
groBe Lymphocyten , anch polyinorphkernige Leukocyten scliicbeii sich 
wenigstens in der Peripherie zwischen die groBen Zellen cin oder bilden 
eine peripliere Zone, von der unregelinMlige AusUufer sicli weitlun in dio 
Bindegewebsscpten erstrccken. 

Figure 1-18. AscliolTs original descnption of tbe specific “Knotchen,” from 
hu communication m V erhandliingen der deutschen pathologischen Cesell- 
schoft, 8 51. 1904. 


he got from his patient, Dr. David Pitcairn, 
who had mentioned it in his clinical lectures 
(1788). Jenner also reported, to the Fleece 
Medical Society, on a "Disease of the Heart 
following Acute Rheumatism,” but this was 
not published, and his manuscript was never 
found. Tills correlation was accepted by Brit* 
ish physicians (W. C. Wells, 1812; Hawkins’s 
Gulstonian lectures, 1826), but such was the 
predominance of French medicine at that time 
that Bouillaud is usually credited with estab- 
lishing tills relationsliip regarding “the fibrous 
tissue of the heart” (1835). A myocardial 
connection, as might be expected, came grad- 
ually and considerably later. Myocardial "in- 
duration” was an ancient concept which ob- 
viously included fibrosis from various causes 
as well as from acute rheumatic fever. It 'vas 
not until Ludwig Aschoff (Figure 1-16) in 
1904 described, in addition to diffuse inter- 
stitial changes, the characteristic nodule (Fig- 
ures 1-17 and 1-18) which bears Ins name that 
this most important of the three heart layers 
definitively entered tbe rheumatic picture. 
Without the aid of the Aschoff nodule, diag- 
nosis of diffuse myocarditis of rheumatic origin 
is still often uncertain, and "nonrheumatic” 
myocarditis still appears in textbooks to cover 
various conditions of u’ell- or ill-defined eti- 
ology — usually the latter. It is noteworthy, 
too, that for this, the most important of all 


infectious diseases of the heart, the problem 
of its etiology and pathogenesis still remains 
unsettled. For some years there has been in- 
creasing acceptance of a connection with 
streptococci — some say hemolytic, some non- 
hemolytic. Menzer’s suggestion (1902) that 
an allergic response of tbe tissues was re- 
sponsible is the most widely supported, not- 
withstanding numerous objectors. 

Cardiac Syphilis. Syphilis, which until re- 
cent years constituted the tliird of n great 
triad of cardiac disorders, has now, thanks to 
better prophylaxis and to penicillin, been rele- 
gated to a position of minor importance. 
Knowledge of cardiac syphilis was acquired 
more slowly than in the case of 5)7)11111$ of 
other viscera. Proksch (Die Geschichfc der 
vencrischen Krankhcitcn, Bonn, 1895) and 
Olliers attribute much of this delay to the 
authoritative John Hunters conception of 
gonorrhea and syphilis as one disease. Syi)h- 
ilitic lesions of the heart were identifiable onI>’ 
with di/Rculty and uncertainty before the dis- 
covery of Treponema pallidum and tbe ac- 
quisition of more intimate knowledge of the 
microscopic changes characteristic of the dis- 
ease. Syphilitic pericarditis and mural endo- 
carditis arc now regarded as practically non- 
existent. except rarely by extension fro/n tJie 
adjacent myocardium and root of the aorta. 
Narrowing of the coronary’ ostia, by syphilitic 
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aortitis, was early described by Jakob, who on 
one occasion found complete closure of the 
right coronary arterj' without loss of delecti- 
ble functional capacity (Erlangen Oiwerfn- 
iion, 1891). Cardiac lesions in persons with 
syphilis, to be sure, had been recorded from 
the time of Pare and Lancisi, but without indi- 
cation as to w'hether the lesions themselves 
were s>philitic. In tlie myocardium, an early 
w'ell autlienticated example of syphilis is a 
gumma of the septum of a lieart deposited in 
the Pennsylvania Hospital Museum in 1879. 
This was examined in 1907 by G. C. Robinson 
(Bull. Ayer CUn. Lah., No. 4, 1908), who, by 
correlating it with the patients historx' and 
the record of a pulse rate of 30 beats per min- 
ute and lower, established the earliest verified 
example of heart block caused by gumma. 
That syphilis could cause both gummatous 
and diffuse interstitial changes in the myo- 
cardium was established by Virchow (1858). 
Both varieties have been thought to be rare 
by almost everyone but Wartliin (1914), who 
believed that the diffuse variety was common 
even in adults, that it had a specific micro- 
scopic picture and that not infrequently trepo- 
nemata could be demonstrated. 

Pericardium, Senac, w'ho devoted 30 pages 
to diseases of the pericardium, was familiar 
witli the shaggy acute and indurated chronic 
inflammations, some of the latter apparently 
tuberculous, others of rheumatic origin. He 
w'as not the earliest to be acquainted with 
pericardial hydrops which sometimes pro- 
duces “a monstrous dilatation,” and he recog- 
nized that the sac might also contain blood, 
air or pus. He cited rivo pericardial “tumors” 
found by Galen ( a cystic tumor in a monkey 
and a scirrhus in a rooster), but we may well 
be skeptical as to their neoplastic nature, as 
\^’as Senac himself of Galen’s conjecture that 
they might occur in man. Tumors and c>'5ts 
had also been reported by Bonetus. Senac re- 
garded abscesses and ulcers of tlie pericar- 
dium, some undoubtedly tuberculous, as com- 
mon. Senac recounts descriptions by Loxver, 
Vieussens, Lancisi, Haller and others of ad- 
hesions, often apparently complete, of the two 
pericardial layers, and adds two cases of his 
own one in which “the two ventricles were 


adherent in three or four places” and a second 
in xvhich the apex w'as attached by a short 
stout band. Senac curtly dismisses the report 
of “three green stones" found in the ca^ltj’ hj' 
Lancisi as insignificant and merely as addin" 
to the number of rare diseases; “laches 
blanches"’ on the otlier hand, he found to be 
common, “Stone” or “ossified” hearts had been 
described by various earl)’ writers before 
Senac; though obviously, without tile aid of 
the microscope, the composition of the hard- 
ened masses remains in doubt. Haller’s case, 
in a young man, witli associated similar 
changes in the valves w’ould today suggest a 
rheumatic origin (Figure 1-19). Allusion has 
alread)' been made to the importance of the 
English school in establishing the connection 
betxveen heart disease and rheumatism. On 
etiolog)' and pathogenesis, as is to he ex- 
pected, Senac is far w’eaker, thougli he did 
recognize pneumonia and pleurisy and other 
infections as frequent causes of pericarditis. 
Little more w’as added to the knowledge of 
pericardial diseases until developments in cel- 
lular pathology made possible more exact 
identification of tuberculosis, secondary’ neo- 
plasms, and other conditions, and until bac- 
teriology elucidated much of their eh’ologj’. 

It is exndent that the constrictive element of 
chronic adhesive pericarditis was recognized 
by Low'er (1669), by Lancisi, and by Mor- 
gagni (1761), in one of his cases. ’The con- 
dition was o\'erlooked, however, for more than 
a centuT}’, in spite of tlie clear descriptions faj’ 
Chevers (1842), Griesinger (1854, recorded 
in 1856), Wilks (1870) and Kussmaul ( 1873). 

It was not until 1896 that Friedel Pick’s article 
on pericarditic pseudocirrhosis brought gen- 
eral recognition of this A’ariant; a condition 
w'hich, regardless of its etiologj', was impor- 
tant because of its prognostic individuality 
and because it W’as soon to be demonstrated 
as amenable to surgical relief (see Beck, 
1931-1935). Pericarditis as a complication of 
myocardial infarct was recognized by C. 
Baumler (1872) and V. Vemig (1892), but 
not w'ell appreciated before M. Sternbergs 
description of Fcricarilitis ej^istenocarilica 
(1910), ^ , 

Endocardium. Examples of diseased valves 
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like those of other parts already mentioned, 
accumulated at first sporadically, along wth 
the gradual establishment of the anatomic 
concept of disease. A lesion of the tricuspid, 
the most resistant valve of the four, was one 
of the earliest described — ^by Lower (as cited 
by Bonetus but not found in the Tractatus de 
Corde), and by Senac (who cites Haller and 
several others, Vol. 2, p. 403, 1789 edition). 
Senac, however, recognized that the semi- 
lunar valves were more frequently involved 
than the "auricular.” Thickening and incom- 
petency of the aortic valves was well de- 
scribed and illustrated by Cowper ( 1706) and 
by several of the British school a century later, 
among others Hodgkin (1828) and Corrigan 
( 1832 ) who had an especially good compre- 


hension of its functional results as is worthily 
perpetuated in ‘‘Corrigan’s pulse.” Mitral ste- 
nosis was known to Vieussens ( 1715) who also 
recognized a resultant dilatation of the left 
atrium with a small, weak pulse, damming of 
blood in the lungs and hypertrophy of the 
chambers of the right side. 

The concept of endocarditis, even the name 
itself, is ascribed to J. B. Bouillaud (1796- 
1881; Figure 1-20), whose Traite Clinique 
des Maladies du Coeur ( 1835 ) gave a much 
clearer picture of the disease than had hitherto 
existed. However, this falls far short of Trous- 
seau’s extravagant statement that it was "a 
description to which nothing could be added.” 
Bouillajjd considered three stages; a period of 
congestion with swelling and softening and 
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Figure 1-19. Haller’s description of calcification of th 
Fathnlogica, 1755. For an Englisli translation of tl ' 
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Figure 1-20. Jean-Baptisl© Bouilhud 
(1796-1881). ( From an original carte 
de visite photograph at College o( 
Physicians of Pluladelphia.) 


ulceration or suppuration, a second stage of 
thickening, fibrous plaques, adliesions and 
firm "vegetations,” and a third stage of endo- 
cardial indurab'on \\’ith calcification and ossi- 
fication, with or \vithout valvular stenosis. 
This third stage, ^vhfeh is easy enough to see, 
was known for over a century', as has just 
been described. The first, in part recalling the 
congestive beginning of any inflammation, was 
largely theoretic yet persisted into 20th-cen- 
tury teaching, while the ulceration clearly 
indicates a malignant form, “as tlie ancients 
would have called it” (Bouillaud). BouilJauds 
second stage, that of organization, aims none 
too clearly at an intermediate stage between 
the acute and clironic stages, which has been 
thought to indicate in that pre-bacterial era 
an acquaintance witli subacute bacterial endo- 
carditis. 

Acute endocarditis was first dearly differ- 
entiated at a considerably later period. In 
1852, some years after the publication of 
Bouillaud’s Traite, W. S. Kirkes, the brilliant 
English pathologist, had given a clear picture 
of vegetations being washed off the heart 


N'alves to block blood \'essels willi fibrinous 
material, some with pyemic-iifce symptoms. 
Isolated examples of both kinds were reported 
sporadically, .but without general recognition 
until Sir Samuel Wilks (Figure 1-21) publica- 
tion in 1868 of Pyevxia as a Result of Endo- 
carditis. Our present term, “acute bacterial 
endocarditis,” followed isolation of methods 
for identifying bacteria. The splitting off of 
the much commoner subacute bacterial endo- 
carditis {endocarditis lenta) was established* 
on the basis of its slower course and its fre- 
quent association with streptococci (viridans 
and nonhemolytic). Recognition of this va- 
riety owes much to H. Schottmiiller, and in 
America to Osier and E. Libman, wlio stressed 
its regular occurrence on previously damaged 
tissue and its slow, almost invariably fatal 
termination, a condition now happily changed 
by antibiotic drugs. Consideration of the more 
recently described endocarditis of lupus erj*- 
lliematosus disseminatus and “atj-pical verru- 
cous endocarditis” of Libman-Sacks (1924) 
may be found in various places in Chapter 
X of this book. 

Myocardium. Lesions of the myocardium, 
being in general less striking than those of 
the other rivo cardiac layers, took longer to be 
recognized and classified adequately. Its im- 
portance, however, has been appreciated for 
more than a centurj*; "It is in the vital and 
anatomical condition of the muscular fibers 
that \ve find the key to cardiac patliology*," in 
the words of William Stokes (18W-1S78), the 
distinguished Irish physician who described 
ChejTie-Stokes respiration and the syndrome 
of heart block. It took the manpower needs of 
the first world war and the persistent acumen 
of Sir James Mackenzie (Figure 1-22) to force 
the realization that valve murmurs in them- 
selves were significant only when accom- 
panied by limitation of the functional capacify 
of the myocardium. 

Of the localized lesions of the heart muscle, 
cases of abscess and ulcer had been rather 
vaguely described from Bonetus on, and this 
cause is still carried “on the books" as a cause 
of rupture. Laennec cites Bonetus (Sepulchre- 
ium, Bk, 2, Sect. 1, Obs. S6), Morgagni and 
Senac as having collected many cases of ulcer 
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Figure 1-21. Sir Samuel Wilks 082'1-1911). (From 
the collection of the Armed Forces Medical Library.) 


of the interior surface, liis single c.\nmplc 
caused rupture of the ventricle — ^“a very rare 
accident almost always the result of ulcera- 
tion of the ventricular panetes.” True fatty 
degeneration, in the sense of “^an actual trans- 
formation of the muscular substance into a 
substance possessing most of the chemical and 
physical properties of fat” was recognized by 
Laennec, though only "in a small portion of 
the heart at one time.” Without the aid of the 
microscope, he had to rely on such crude evi- 
dence as the appearance of a spot of grease 
on a piece of folded paper within which sus- 
pect muscle had been compressed. He dis- 
tinguished this condition from “simple soften- 
ing” (the myomalacia of Ziegler) and never 
found rupture attributable to it, though tlie 
gross similarity of fatty degeneration and. ne- 
crosis led to the former being wTongly re- 
garded as an important cause of rupture until 
well into the 20fh century. (Sec earlier discus- 
sion under Cardiac Rupture.) 

Myocarditis, a term used by Sobernheim in 
1837, was recognized as being either acute 
or chronic — the former category doing well 
enough for tlie suppurative forms and even 


for tire nonsuppurative forms, after micro- 
scopic criteria for inflammation had been es- 
tablished. Even Virchow’s insistence on par- 
endiymatous inflammation and inflammation 
of the single cell had to give way to the paren- 
chymatous degenerations elaborated by Wei- 
gert, Zenker, Ziegler, and otliers. Chronic 
myocarditis presented a more difficult situa- 
tion. Were the pale, hard areas of the indu- 
rated heart of early days — the connective or 
fibrous tissue areas of the later 19th centurj’ — 
signs of an inflammation starting in the heart 
muscle fibers, as Bouillaud, Kreysig, Hope, and 
Rokitansky maintained? Or did they start as 
an inflammation in the interstitial tissue (Mec- 
kel, Corvisart)? Or were they not inflammatory 
at all, but manifestations of a sclerosis caused 
by complete or partial obliteration of the coro- 
nary branches-— scars of an ischemic necrosis? 



Figure 1-22. Sir James Mackenzie (J553-I025). Por- 
trait by Allan Barr. (Courtesy of Army Medical Li- 
brary. ) 
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Figure 1-23 Robert Adams (1791-1873). Portrait 
at age 33. ( Frontispiece of centenary number of Irish 
Journal of Medical Sciences, 1926. Reproduced in 
Kelly’s Medical Classics, WilLanis & Wdkins ) 


Ziegler contributed his tlieory that myo- 
malacia, the acute softening of necrosis, was 
caused by rapid thrombosis, and sclerosis by 
slow tlirombosis. ^^'eige^t had a still better 
version of tlie patliogenesis of myocardial fi- 
brosis when he added to the fibrosis following 
progressive obliteration of coronary branches, 
the general concept of replacement fibrosis in 
degenerated parenchymal tissue in general. Yet 
"chronic interstitial myocarditis” still remains 
the preferred term in a few pathologic, and 
more clinical, textbooks — a usage that is un- 
justified except perhaps in connection with 
rheumatic carditis, and rarely in ssphilis. 
Thus, aided by ^^^eigert's recognition of ne- 
crosis in 1880, we are led past the simple soft- 
ening of Ivaennec, Quain’s fatty degeneration 
and Ziegler's myomalacia, to the concept of 
myocardial infarction as a result of coronary 
insufficiency. The naming and establishment 
of this condition in the late 19th century as an 
important ti-pe of lieart disease apparently 
cannot be attributed to any one indi\idual. 


The period and the rapidity of its rise in im- 
portance can be seen in our two great biblio- 
graphic lists (T/ic Quarlcrhj Cumulative In- 
dex Mediciis and the Index Catalofiuc of the 
Surgeon Generals Library), especially from 
1916 on. The electrocardiograph can at pres- 
ent give with fair accuracy some idea of the 
existence and site of an infarct if in a favor- 
able location, and some indication of its 
progress toward healing or scarring in the 
living individual. 

Tlie history of ihjToid heart disease deserves 
some mention. “Enlargement of the thyroid 
gland in connection with enlargement or pal- 
pitation of the heart" had first been observed 
by Caleb PaiT>' (1755-1822) in 1786 (Collec- 
tion from his unpublished medical vvTitings, 
1825, 2.T11-129). Hypothj'roidism has been 
linked with cardiac changes only in the pres- 
ent century (H. Zondek, 19J8; Blumgarl, 
1930). The pathogenetic and pathologic roles 
of the myxedematous thyroid in tlie accom- 
panying cardiac condition still require further 
clanfication. (See also pages 233, 525, and 
582.) 

Functional Disturbances of Heart Action. 
(See aJso Chapter V, B.) Tlie story of the 
functional patholog>’ of the heart, as already 
mentioned, extends over many centuries, but 
with a less concrete basis than that possessed 
by tlie structural kinds. It w’as not until the 
dev'eJopment of really useful instruments of 
precision (middle of 19th century) and the 
practical applications in ever increasing num- 
bers of biophysical and biochemical methods 
(20th centur>') tliat knowledge of functional 
disturbances could with profit be objectively 
pursued. The extraordinarx’ development of 
the latter methods has profoundly affected 
concepts of cardiac pathology like those of 
other systems of the body — the cause and 
pathogenesis of atherosclerosis, to take but 
a single example. Cardiac pain, dyspnea, 
edema, cyanosis, suggest very different and 
more complete pictures to the physician of 
today than they did to Heberden, John 
Che>Tie, Stokes and Peacock. Today the flood 
of interrelationships of hormones, vitamins, 
en^nnes and the like is so great that barriers 
of old classifications may well be destined to 
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Figure 1-24. William Stokes (1804-1878). (From a 
drawng by Sir Frederick Burton.) (From Ma/or's 
Classic Descriptions of Diseases, 2nd ed , courtesy of 
Charles C Thomas.) 

disappear; and who, indeed, w’ould ventxire 
to forecast what new alignments may resultf 
However, in addition to being difficult to 
bring into established frames, this progress is 
all too recent and too rapidly changing to be 
properly treated liistorically. 

Graphic instruments ^^'ere espeaally impor- 
tant in developing knowledge of abnormal 
functioning of the heart and blood vessels; the 
sphygmomanometers of Vierordt (1854), 
Marey (i860), von Basch (1881, 1883), and 
others, leading to the Riva-Rocci type (1896), 
have long been universally used to estimate 
changes in blood pressure; Potain’s ( 1867) and 
Mackenzie’s (1902) polygraphs and Frank’s 
capsule (1907), Waller’s cardiac electrometer 
(1887), and Eintlioven’s (1903) string galva- 
nometer have made it possible to register and 
explain hitherto unreachable changes in the 
heart action that are often of pr.iclical imiwr- 
tance in exposing both abnormal action of the 


several chambers and the electrical state of 
the heart muscle. In addition to the arrhyth- 
mias, which will be considered below and in 
Chapter V, B, are such functional disturbances 
as P. C. A. Potain's gallop rhythm (1885) and 
J. M. da Costa's “irritable heart” (1867); also 
the valvular murmurs, early heard through 
Laennecs stethoscope (1819), and Austin 
Flint’s and Graham Steell’s varieties which 
depend on complex disturbances in the intra- 
cardiac currents. 

Cardiac Arrhythmias. Of the twenty-three 
varieties of cardiac irregularities covered in 
Chapter V, B, space permits historical con- 
sideration only of three of the more important: 
heart block, atrial flutter and atrial fibrillation. 
Heart block, the only group that has charac- 
teristic lesions, was first recognized as a clini- 
cal picture in the 18th century. Tlie e^itremely 
slow pulse with apoplectiform seizures, and 
without residual paralysis, had been noted by 
Gerbezius (1719), Morgagni (1761), Th. 
Spens (1793), Wm. Burnett (1824) and 
doubtless also by others. Significant and more 
detailed accounts, however, were first given 
by Robert Adams (1827; Figure 1-23) and 
the celebrated William Stokes (1846, Figure 



llglirp 1-25. Wilhelm His Jr. (1863- 
(HejirwhitMl wi(h iK'nnfssloii. 
from Willing .iml A llhlory of 

the Heart aiul Circulation, W. 15. 
Saiimlers Co.) 
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Figure 1-26. Earliest illustration of the bundle of His 
(A'V bundle) to the left of small star. Drawing from 
heart of mouse, in His’ original article m Afbettcn der 
medizwischen K/imfc zu Leijizig, 1893. (In Library 
of College of Physicians of Pluladelphia.) 


1-24), SO that the condition eventually became 
known as the Adams-Stokes syndrome. Many 
years had still to elapse, however, before its 
cause and nature were established. In addi- 
tion to confirming Adams’ case with reports 
of many other similar ones, Stokes made the 
shrewd observation of a remarkable pulsation 
in the right jugular vein, every third one very 
strong, the others much less, and some very 
minor. He could hardly have come closer to 
the concept of heart block without poly- 
graphic aid and the anatomic knowledge fur- 
nished by the bundle of His and its lesions 
This bundle was so briefly described by W. 
His, Jr. (Figure 1-25) in 1893 (Figure 1-26) 
as one item in a larger work, that it was for- 
gotten until rediscovered in 1905. Similarly 
overlooked was his experimental demonstra- 
tion (1895) that atrio-ventricular (A-V) dis- 
sociation was caused by damage to the bundle. 
In 1905 also, Joseph Erlanger produced com- 
plete block by experimental compression of 
the bundle; and even before the original dis- 
covery of tlie bundle, GaskeU (1883), Wool- 
dridge (1883), and Tigerstedt (1884) had 
shown that compression of the atrioventricular 
groove would cause dissociation of the A-V 
rhythm. Also in 1905, A. Stengel reported a 
case of complete block caused by a sclerotic 
area extending from the mitral leaflet into tlie 


bundle. In rapid succession, cases were found 
that were attributed to fibrosis ( the common- 
est cause), syphilis, fatty degeneration of the 
muscle of the bundle, and fatty infiltration 
with compression, sclerosis, calcification and 
thrombosis of the nutrient arterj'. Ver)' few 
carefully studied cases have been reported in 
which long-standing complete block was not 
found to be associated with an adequate lesion 
of the bundle of His. 

Embry'onal-like heart muscle fibers, similar 
to those comprising His’ bundle, \\'ere shortly 
found in the sinoatrial node — the site of ori- 
gin of the normal heart beat — by Keith ( Fig- 
ure 1-27) and Flack in 1907, and at the base 
of the right atrium ( the A-V node ) bj' Aschoff 
and Tawara (1906). Disordered function of 
these hvo structures svas soon found to be 
the cause of sinus anlnrthmia and nodal 
rhythm, respectively. Tbe demonstration 
(1906) by Tawara (bom 1873) that the sub- 
endocardial Purkinje fibers linked His’ bundle 
to the ventricular musculature established the 
existence of a special conductive system and 
promoted thereby a logical classification of 
the various arrhythmias. 

Atrial flutter, a condition unkno^vn till the 



Figure 1-27. Sir Arthur Keith (1866- 
1944). (Reproduced from Wdlms and 
Dry’s A History of the Heart and the 
Circulation, by courtesy of W. B. 
Saunders Co.) 
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advent of instruments of precision, was first 
detected experimentally by A. P. Hertz and 
G. W. Goodheart (1909). Flutter was instru- 
mentally recorded and named by W. A. Jolly 
and W. T. Ritchie in 1911, 

Recognition of the nature of atrial fibrilla- 
tion, one of the commonest of the serious types 
of arrhythmia, followed many years after its 
clinical manifestation, a lasting and grossly 
irregular pulse, had become known and 
studied. James Mackenzie, whose life-long 
study of the heart and its arrhytlimias opened 
new patlis in the concept of heart disease, 
tells in his Diseases of the Heart (third edi- 
tion, 1913) a fascinating story of how the 
correct knowledge of one condition was 
re.^ched; "My attention was first directed to 


diis condition as a separate and definite entity 
about 1890.” The pulsus irregularis perpetuus, 
so named by Hering in 1903, was sho^vn by 
Mackenzie’s polygraph (recording jugular, 
radial and apex waves) always to lack the 
auricular (atrial) wave in the jugular record. 
His first thought that this was due to nodal 
rhythm was negated by A. R. Cushny and 
C. W. Edmonds getting similar radial tracings 
from a dog in ^vhich visible fibrillation had 
been produced experimentally (1906). This 
was confirmed in 1909 by Rotliberger and 
Winterberg, using the newly discovered elec- 
trocardiograph, and by Thomas Lewis both 
experimentally and clinically with the same 
instrument (1909, 1910). 
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THE PLAN OF THE EMBRYONIC CIRCULATION AND 
ITS FUNCTIONAL SIGNIFICANCE 


A NY ACCOUNT of the prenatal development 
of the heart which is limited to an en- 
tirely morphologic approach inevitably will 
be disappointing as a basis for understanding 
cardiac physiology or pathology. The embry- 
onic heart can be intelligently studied only 
in relation to its changing functional role as 
the plan of the embryonic circulatory ^stem 
is altered during development. It is unneces- 
sary to be concerned, in most instances, with 
peripheral vessels, but the changes in the 
main blood streams that enter and leave the 
heart must be borne clearly in mind in order 
to understand the structural changes occurring 
in the heart itself. If one uses as a basis of 
approach certain fundamental conceptions as 
to the significance of the circulatory system in 
organic economics, and the evolutionary prin- 
ciple that any embryo must go througli cer- 
tain ancestral phases of organization before 
it can arrive at its adult structure, then the 


changes in arrangement of vascular channels 
and the difieient routings of blood through 
the heart during the course of development 
will form a coherent and logical story. 

In the embryo, as in the adult, the main 
vascular channels lead to and form the cen- 
ters of metabolic activity. Tlie circulating 
blood carries food from the organs concerned 
with its absorption to parts of the body -re- 
mote from the source of supplies; oxj’gen to 
all the tissues of the body from organs that 
are especially adapted to facilitate the taking 
of oxygen into the blood; and waste materials 
from the places of their liberation to the or- 
gans through which they are eliminated. One 
of the primary reasons the arrangement of the 
vessels in an embr>'o of a mammal differs so 
much from that in an adult is that the embiyo 
lives under conditions totally unlike those 
which surround its parents. Its centers of 
metabolic activity are, therefore, different; 
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and, since the course of its main blood vessels 
is determined by these centers, the vascular 
plan is different 

The organs wliich in the adult mammal 
carry out such functions as digestion and ab- 
sorption, respiration, and excretion are ex- 
tremely complex and highly differentiated 
structures. They are for this reason slow to 
attain their definitive condition and are not 
ready to become functional until toward the 
close of the embryonic period. Moreover, 
conditions surrounding certain of the develop- 
ing organs during intra-uterine life absolutely 
prevent them from becoming functional even 
were they sufficiently developed to do so. 
Suppose the Jungs, for example, were func- 
tionally competent at an early stage of de- 
velopment. Inasmuch as the embryo is 
reliving ancestral conditions in its private 
amniotic aquarium, its lungs are as incapable 
of functioning as those of a man under water. 
Likewise, the developing digestive organs of 
the embryo are inaccessible to raw food ma- 
terials. Further e.xamples are not necessary to 
make it obvious that, were the embryo de- 
pendent on the same organs that carry on 
metabolism in the adult, development would 
be at an impasse. 

An embryo must, nevertheless, solve the 
problem of existence during the protracted 
time in which it is building up a set of organs 
similar to those of its parents. In the ab- 
sence of a dowry of stored food in the form 
of yolk, the mammalian embryo draws upon 
the uterine circulation of the mother. Utiliza- 
tion of this source of supplies depends on the 
development of a special organ which serx'es 
through fetal life and is then discarded. The 
embr)'o takes food not into its slowly develop- 
ing gastrointestinal tract but into its chorion, 
a membrane projected outside its own body 
and applied to the inner lining of the uterus 
to form the placenta. The nutritive materials 
there absorbed from the maternal blood must 
be transported to the growing embn’O by its 
owTi blood stream. 

TIic use of food materials to produce the 
energy expressed in growth depends on the 
presence of oxj’gen. For growth, there must 
bo a means of securing oxygen and canying 


it, as well as food, to all parts of the body. 
Nor can continued growth go on unless tlie 
waste products liberated by the developing 
tissues are eliminated. The blood of the em- 
bryo cannot be relieved of its carbon dioxide 
and acquire a fresh supply of oxygen in the 
primordial cell clusters that will later become 
its lungs. It cannot excrete its nitrogenous 
waste products through undeveloped kidneys. 
Its respiration and excretion, like its absorp- 
tion of food, are carried out m the rich plexus 
of small blood vessels in the chorion. Here 
the fetal blood is separated from tlie maternal 
by tissues so thin that it can readily give up 
its waste materials to, and receive food and 
oxygen from, the maternal blood stream, just 
as the mother’s own tissues constantly carry 
on this interchange with the circulating blood. 
The placenta is thus the temporary alimentary 
system, lungs, and kidneys of the mammalian 
embryo. The enormous chorionic blood sup- 
ply during fetal life, and the entire disappear- 
ance of this special arc of the circulation 
when the organism assumes adult methods of 
living, is a very striking example of tlie deter- 
mination of Vascular channels by the location 
of functional centers. \Ve must not, however, 
overlook the fact that there are many other 
centers of activity in the growing embryo less 
conspicuous but equally important for its con- 
tinued existence. Each developing organ in 
the embryonic body is a center of intense 
metabolic activity. During fetal life it must 
be supplied by vascular channels adequate to 
care for its growth. 

But that is not all. Up to the time of birth 
each organ has been drawing on blood fur- 
nished with food and freed of waste materials 
by tlie activities of the maternal organism. At 
birth a!! this must change. Each organ essen- 
tial to metabolism must be ready to assume its 
own active share in the process. Tlicir vessels 
must be adequate to provide, not only for the 
needs of these organs, but also for the ne^v 
functions these organs assume in maintaining 
the metabolism of the organism as a wlajle. 

While the functional significance of the ar- 
rangement of the blood vessels is of priniar>' 
importance, especially in understanding (he 
pTOgressis’C changes in vascular plan, there 
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is another factor which we cannot overlook. 
This factor is conservative, having to do wth 
the things we inherit from our forebears. The 
goal of the embryonic period is tlie attain- 
ment of a bodily structure similar to that of 
the parents. Because it is so familiar, we ac- 
cept with complaisance tlie remarkable fact 
that this goal is attained with absolute regu- 
larity. There may be accidents leading to 
defective development or malformation, but 
the fertilized ovum of one species always gives 
rise to an individual of that species and to 
no other. Hie new individual will show de- 
tailed differences from its parents, differences 
which are capitalized in the slow march of 
evolution; but in a single generation these 
differences are never radical. We say that the 
offspring has inherited the structure of its 
parents. It does more; it inherits the tendency 
to arrive at its adult condition by passing 
through the same sort of changes which its 
ancestors undersvent in the countless millions 
of years it took their present structure to 
evolve. 

Applied to the development of the circula- 
tory system of the human embryo, this means 
that the earliest form in which it appears will 
not be a miniature of the adult circulation. 
The simple tubular heart, pumping blood out 
over aortic arches to be distributed over the 
body and returned to the posterior part of the 
heart by a bilaterally symmetrical venous sys- 
tem — in short the vascular plan wliich we see 
in young mammalian embryos (Figure 11- 
15 ) — is essentially the plan of the circulation 
in fishes. ^Vhen we realize this, we are not 
puzzled by either the appearance of a full 
complement of aortic arches or their subse- 
quent disappearance to make svay for a new 
respiratory circulation in the lungs. We see 


the march of progress from a logical begin- 
ning in ancestral conditions toward the con- 
summation of fetal life with an organization 
like that of the parent. 

In addition to the fundamental groimd plan 
of the circulation of the mammalian embryo, 
recapitulations account for many transitory 
peculiarities. The formab'on of a conspicuous, 
though empty, yolk-sac with a complement of 
blood vessels almost as well developed as the 
vitelline vessels of animals well endowed \vith 
yolk is clearly a recapitulation of ancestral 
conditions. So, also, is the highly developed 
system of venous channels in the mesoneph- 
ros. If the organ itself appears, it brings with 
it its quota of vessels, no matter if the organ 
is destined to degenerate later in develop- 
ment. 

Whatever peculiarities may be impressed 
on the course of the circulation by the ap- 
pearance of ancestral structures, or b)' the de- 
velopment of special fetal organs such as the 
yolk-sac and the placenta, the main blood cur- 
rents will at any time be found concentrated at 
the centers of activity. Changes of these main 
currents as one center retrogresses and an- 
other becomes dominant must take place grad- 
ually. Large vessels become smaller, what 
was formerly an irregular series of small ves- 
sels becomes excavated to form a new main 
channel, but Che circalatian of blood to all 
parts of the body never ceases. Even slight 
curtailment of the normal blood supply to 
any region would stop its grou’th; any marked 
local decrease in the circulation would result 
in local atrophy or malformation; complete 
interruption of any important circulatory 
channel, even for a short time, would inevit- 
ably mean the death of die embryo. 


THE ESTABLISHING OF THE PRIMARY 
EMBRYONIC CIRCULATION 


The human embry’O, having practically no 
yolk available as food, is dependent for its 
survival and growth on the prompt establish- 
ment of relations with the circulation of the 
mother. Tliis implies the necessity of a pre- 
cocious development of Uie vascular system 


of the embrj’o, for the maternal circulation 
remains confined within the uterine walls and 
the embryonic circulation must grow to it. 
Until this is accomplished, the embr>’o is de- 
pendent on what food material it can obtain 
from the uterus by direct absorption — a 
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method entirely inadequate to provide for its 
growth except in very early stages when the 
bulk of the embryo is inconsiderable. 

The Cardiopericardial Primordium. The 
primordial tissue aggregation which is the 
precursor of both tlie heart itself and the 
lining of tlie primitive pericardial region of 
the coelom is a crescentic zone of thickened 
mesoderm (Davis, 1927). This zone first be- 
comes clearly defined in human embryos in 
the primitive-streak stage (fertilization age 
about 15 days). It is located in front of tlie 
embryonic disk and sivings around to either 
side, following the curvature of the cephalic 
margin of the disk (Figure II-IA). When this 
thickened mesodermal area first becomes rec- 
ognizable it is not yet split into splanclinic 
and somatic layers (Figure II-2A). Even in 
this very early stage, in forms such as the 
chick which lend themselves to experimental 
procedures, it is possible to demonstrate the 
cardiogenic potentialities o£ cells within this 
area by explanting them and allowing them 
to differentiate as grafts on the chorio-allan- 
tois of older chicks. Under such circumstances 
the cells in question will develop myofibrils 
and clearly declare their myocardial potencies 
by their rhythmic pulsation. 


A da)' or hvo later than the primitive-streak 
stage, the thickened zone of mesoderm be- 
comes split into somatic and splanchnic lay- 
ers, thereby establishing vesicular spaces 
which soon coalesce to make a cavity that is 
destined to be the pericardial part of the 
coelom (Figures II-IB and II-2B). Concur- 
rendy, the head of the embryo has been grow- 
ing rapidly and has puslied out over the newly 
formed pericardial coelom (Figure II-2B. C). 
At the same time the pericardial part of the 
coelom is e.xtended by further splitting of the 
mesoderm, so that it sweeps back on either 
side of the body, following the curve of the 
foregut (Figure II-IC). 

The Formation of the Heart. Once the 
pericardial cavity is thus established, one can 
drop the cumbersome term “cardiopericardial 
primordium” and speak of the cardiac pri' 
mordia which fake shape at specific locations 
within this general area. The cardiac primordia 
are formed from the splanchnic mesodermal 
layer of the primitive pericardial cavity, on 
either side, where it lies close against the 
developing foregut (Figures II-IC and 3A). 
The fact that the heart, a median unpaired 
structure in the adult, arises from paired pri- 
mordia which at first lie widely separated 



Figure U-l. Diagrams showng the location of the cardiopcncardial pnmoriiia in cinlir>-us early in the third 
weeh of development. The cross-hatclied area in A represents the zone of thickened mesodcmi before (be 
formation of coelomic cavities. The light areas in B and C represent the coolomic ca\ilics as if they were 
seen tlirough a semitransparent embryonic body. 'Ibe broken lines in C show tlie po'ition of the foregnt. 

{Based in part on tlie work of Davis, Carnegie Conirib. to Embn/ol, V'ol. 19, 1927.) 
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Figure II-2. Longitudinal sections of embryos early in the thud week of development showing the way the 
cardiopencardial pnmordjum, uhich at first hes in front of the cephalic margin of the cmhry’omc disk, iv 
overridden by the forward growth of the head. As the foregut is formed within the head, the cardioperi- 
cardial pnroordium is turned under it and extends back on either side, flanking die anterior intestinal portal. 

(Based in part on the work of Davis, Carnegie Contrlb. to Zmbryol, \'ol. 19, 1927.) 


on either side of the midline is correlated with 
the fact that the embryonic body at first is 
open ventrally and lies spread out prone on 
the surface of the yo!k*sac. The primordia of 
certain anatomically ventral structures aris- 
ing at an early stage of development, there- 
fore, first appear as separate halves lying on 
either side of the midline. With the folding 
under of the lateral margins of the embri'onic 
area, which brings the ventrolateral walls of 
the body into tlieir definitiv'e position, the 
embryo is closed ventrally, and potentially 
midventral structures which arose as separate 
halves are established in the midline. 

The primordial heart is double-layered, as 
well as paired right and left. The inner layer 
is called the enchcardiiim because it is des- 
tined to form the internal lining of the heart. 
Tile outer layer is knowm as the epimyocar- 
dium because it will give rise to both Uie 
muscular laj’er of the heart wall and its epi- 
cardial investment. 

Tlie endocardium, when it first appears, is 
in the form of irregular clusters and cords of 
mesench)Tnal cells lying between the splanch- 
nic mesodcmi and the entoderm (Figure 


n-3A). These cells become organized into 
two main strands, lying one on either side 
of the gut. Soon after their establishment, the 
strands acquire a lumen and are known as the 
endocardial tubes (Figure II-3B). Tlie endo- 
cardial tubes continue beyond the cardiac re- 
gion as branching strands which wdll become, 
cephalically, the primitive ventral aortic roots 
and, caudally, the veins entering tlie lieart 
(Figure n-4A). The splanchnic mesoderm 
soon becomes markedly thickened where it is 
reflected laterally over the endocardial tubes 
to constitute the epimyocardial layer of the 
heart (Figure II-SB). 

Meanwhile, folding-off of the embryonic 
body continues with concomitant progress In 
the closure of the foregut at the level of the 
heart. As a result, the paired endocardial 
tubes are brought progressiv’ely closer to- 
gether. Finally, they are approximated to 
each otlier and fuse to form a single tube 
lying in the midline (Figures II-SC, D and II- 
4B). In the same process, the epitnyocardhl 
layers are bent mesially, completely enwrap- 
ping the endocardium. Ventral to the lieart, 
the mesodermal laj’crs of the opposite sides 
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of the body become continuous with eadi 
otlier so that, in the same process whidi eS' 
tablishes the heart as a median structure, the 
originally-paired right and left coelomic cham- 
bers become confluent to form a median peri- 
cardial cavity (Figure II-3C, D). Dorsally, 
the right and left epimyocardial layers be- 
come contiguous, but here they do not fuse 
immediate])', as liappens ventral to the heart. 
They persist for a time as a double-layered 
supporting membrane, called the dorsal meso- 
cardium. In this manner, the heart is estab- 
lislied as a nearly straight, double-walled lube 
suspended mesially in tlie most anterior part 
of the coelom. 

Cardiac Jelly. Even at this early stage, 
interesting histogenetic changes are beginning 
to become apparent. The endothelial nature of 
the endocardial primordia is clearly evident 
in the configuration of their constituent cells, 
and in the littoral relation of the cells to the 


developing lumen of the heart. This inner 
endothelial layer of the cardiac tube is held 
in relation to the outer, epimyocardial layer 
by a gelatinous substance called “cardiac 
jelly' (Davis, 1927). Tlie cardiac jelly is so 
translucent and structureless that it is easily 
overlooked unless one observes the me- 
chanical evidences of its presence in living 
material. If a beating embryonic heart in the 
tubular stage is transected, one sees the endo- 
thelial layer follow every movement of the 
pulsating epimyocardial sleeve ^vhich encloses 
it (Patten, Kramer and Barry, 1948). In the 
absence of any internal fluid pressure, tliis can 
be accounted for only on the basis of the sup- 
porting and cohesive action of the cardiac 
jelly between these two layers (Barry, 1948). 

In its fixed condition cardiac j'elly appears 
as a delicate meshwork of coagulated material, 
at first entirely devoid of cells (Figure II- 
5a). As development progresses, cells appar- 
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Figure II-3. Four itage^ in fusion of paired primordia of heart as seen in cross section of 

j'oung hiiin.in embryos. A. Based on the Ludwljr. tw-o-somite embr>o, D. Base*! on die Car- 

negie 3709, four-somite eml)r>'o. C. Based on the Payne, seven-somite embryo. D. Based on 
the Comer, lO-somite embryo. (From Patten, J/uman Emf?ri/olog!/, courtesy of Tlie Bl.itislon 

Company.) 
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Figure II-4. Four stages in {ormation of heart exposed by x'entral disseeUon (Based on die 
figxires of Davis, Carnegie ConfriZi to Emhryol., Vol. 19, 1927. From Patlen, Human Emhnj- 
ology, courtesy of TJie BlaXuton Companj'. ) 


Figure II-5. Draxxings slioxving stages in die cellular invasion <rf cardiac jelly xvitli tjic resultant formation — » 
of endocardial cushion tissue. All die drawings were made fnrnx comparable areas in the conolnincus to 
the same scale (original X 1000, reproduced X750). (From Patten, Kramer and Barry, Anaf. Bee., Vol. 102, 
1948.) 

A. From a 14-somite chick { ± 36 hours), sliowing the primat}’ noncelliilar character of the cardiac 
jelly. Note the lliinness of endothelium except for the place intUcaled by the arrow. 

B. From a 33-somite chick ( ± G5 hours), showing the beginning of cellular inxasion. Note the thick- 
ened character of the endothelium and lh.it cells have rmt a\ >et reached the m>ocardiiim. 

C. From a 40- to 41-somite chick ( 84 hours), showing cells throughout the territory fonnerly oc- 

cupied liy tlie cardiac Jelly alone. 
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ently arising from the endothelium invade die 
cardiac jelly and become organized into the 
primitive plastic type of connective tissue 
which is commonly called e^idocardial cushion 
tissue (Figure II-5B and C). Local masses 
and ridges of this endocardial cushion tissue 
we shall see playing an important role in the 
partitioning of the heart and in the molding 
of its valves. In the areas not so specialized, 
tliin layers of this same tissue form the sub- 
endothelial connective tissue stratum of the 
adult endocardium. 

Histogenesis of Cardiac Muscle. The meso- 
thelial character of the cells which constitute 
the layer of the epimyocardium adjacent to 
the pericardial cavity is, from the first, quite 
evident (Figures II-5 and II-6A). The inner 
part of the epimyocardium gives rise to the 
muscular tissue of the cardiac wall. In the 
early stages of their differentiation, the cells 
of the myocardium are packed closely to- 
gether, with little indication of any definite 
plan of arrangement. About the time the first 
contractile activity begins, the nuclei are 
somewhat less close together and, with the 
light microscope, no trace of cell boundaries 
can be seen in the cvioplasm. It is at about 
this time, also, that a suggestion of the forma- 
tion of myofibrils begins to be recognizable. 

Not long after their first appearance, the 
young myofibrils become conspiaious. They 
are much larger than the fibrils of more ma- 
ture cardiac muscle and show' definite dark 
bands, owing to local concentration of aniso- 
tropic substance (Figure II-6B). At this 
early stage the myofibrils are relatively few 
in number and pursue a startlingly irregular 
course, frequently crossing one another. They 
traverse the c>’topIasm for considerable dis- 
tances, apparently not being restricted to anv’ 
limited cj'toplasmic areas such as might have 
been derived from single cells before their 
boundaries became indistinguishable. 

Tlie later stages in the histogenesis of car- 
diac muscle are along the lines one would 
c>q)ect from a knowledge of its adult struc- 
ture. As the growing muscle is pulled into 
spiral bands about the developing chambers 
of the heart, the strands of myocardium grad- 
ually become less irregular in their arrange- 


ment In sectioned material from the hearts 
of embryos of the third montli, areas appear 
showing groups of fibers running more Or less 
parallel to each other and crossing other 
groups of fibers at varying angles. The myo- 
fibrils have become more abundant, and lin- 
ing up of the dark and light portions of adja- 
cent fibrils is beginning to give the muscle a 
cross-striated appearance (Figure II-6C). In 
comparing fetal with adult cardiac muscle, 
the further increase in the number of myo- 
fibrils and their decrease in coarseness are 
most striking (cf. C and D in Figure II-6). 

The last of the characteristic histologic fea- 
tures of cardiac muscle to make their appear- 
ance are the intercalated disks. These curious 
transverse markings seem to appear at sites 
W'here one could readily believe adjacent cel- 
lular elements originally made contact. In- 
deed, electron microscope studies show that 
the adult disks are really cell membranes w'jth 
secondary specializations. This may mean that 
the disks appear at the site of cell boundaries 
not seen with the fight microscope. 

Primary Regional Divisions of Heart. Re- 
turning from the consideration of histogenetic 
changes to the general configuration of the 
growing heart, we find that very’ early in de- 
velopment the dorsal mesocardium disappears 
except for a persistent portion at its caudal 
end (cf. Figures II-30A and B). Thus the 
tubular heart comes to lie in the pericardial 
cavity, attached only cepbalically where tlie 
ventral aortic roots branch out into the tissue 
beneath the foregut, and caudally where the 
great veins enter (Figure II-7). Being un- 
attached in its midportion, it is free to change 
its shape and position and, since it grows 
much more rapidly in lengtli than does the 
pericardial part of the coelom in which it is 
situated, the originally straight heart tube 
soon becomes conspicuously bent (Figures 
1I-4C. D and II-7). 

With the elongation and bending of the 
cardiac tube, its primary regional divisions 
begin to be recognizable. Naming them in 
the order they are traversed by the circulating 
blood, these regions are the sinus venosus, 
the atrium, the ventricle, and the truncus ar- 
teriosus (Figure II-S). The sinus venosvs is 



Figure 11 - 6 . Histogenesis of carxiiae muscle. (Cam«a liicida drau/ngs, -\500.) A. Entire 
thic^ess of ventricular wall of 4 5-fnm. cmbr)'©. B. Des eloping tralwiibc from inner part 
of ventnculac wall of 9~mm. cmhryo. C. Inner part of \cntnciihr wall of 45-mm. emhryo 
D. Inner part of adult right I’cntnciilar svalL (From Patten, Jluman Emhrtjologij, courtesy of 
Tlie BlaUston Company.) 
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Figure 11*7. Schemabzed lateral (iLssection of human embryo of about three ueels, to sliow' 
conbnuity of pencardial porhon of coelom with paired coelomic chambers of midbody region. 
(Based, in part, on Heuser's study of a H-somite embryo, Carnegie Coll, 4529. From Patten, 
Human Hmhrtjology, courtesy of The BlaUston Company. ) 


a thin-walled chamber formed by the con* 
fluence of the great veins entering the heart 
(Figure II*30C). Since the fusion of the car- 
diac primordia begins at their cephalic ends 
and progresses caudad, the sinus venosus is 
the last part of the heart to be established and 
at early stages shows but slight differentiation. 

From the sinus venosus the blood passes 
into the atrium. Guarding the slit-like orifice 
beriveen these rivo chambers against the re- 
turn flmv of blood are well-developed flaps 
knoivn as the valmtlae venosae (Figures II- 
16 and 11-18). The atrial region, soon after it 
is established, undergoes extensive transverse 
enlargement so that it bulges out into pouch- 
like right and left chambers (Figure II-8). 
Although the beginning of the separation of 
these chambers from each otlier is clearly indi- 
cated as early as the fifth week by the pres- 
ence of an interatrial septum, this septum is 
not immediately completed and the atrial 
chambers remain for a time in communication 
caudally by an opening called the primary 
interatrial foramen or, more briefly, ostium I 
(Figures 11-16 and II-29B, C). 

Leaving the atrium, the blood passes to 
tlie ventricle through a constricted region 
known as the atriocentricular canal. Tlie t?en- 
tricle is formed from the most sliaiply bent 
part of the cardiac tube (Figure Il-iC and 
D). Correlated with its aclivih' in pumping. 


the ventricular wall becomes greatly thick- 
ened, with irregular branching bands of de- 
veloping muscle tissue protruding from the 
main part of tlie wall into the lumen ( Figure 
II-6A). These primordial trabeculae cameae 
already suggest the muscular bands which 
project so characteristically into the cavities 
of the adult ventricles. From the ventricle the 
blood passes into the inmetts arteriosus and 
(hence out to the body by way of the ventral 
aortic roots. 

It should not be inferred from the modifi- 
cations which ha\’e occurred in the different 
regions of the heart that it has as yet altered 
its primitive method of functioning. Tlie heart 
tube becomes bent and shows local dilations 
and constrictions which we are able to name 
because we know their future fate. Many in- 
ternal conditions point toward its division 
into right and left sides. But the blood in the 
early stages of development enters the heart 
dorsally by way of the sinus venosus, is col- 
lected in the atrium, and passes into the S'cn- 
tricle whence it is pumped out by way of the 
tnincus arteriosus as an lJnd^v^ded stream. 

Tlie Primary Arterial Channels. While these 
changes have been occurring in the cardiac 
region, tlie main vascular channels characteris- 
tic of young embrj’os are making their appear- 
ance (Bremer, 1914). Tlie cephalic prolonga- 
tions of the endocardial tubes beyond the 
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cardiac region constitute the start of the main 
efferent channels or aortae. The aorlae are 
further extended by a process similar to that 
involved in the formation of the endocardial 
tubes themselves. Cords and knots of cells of 
mesodermal origin become aggregated along 
the course of the developing vessel. These 
strands of cells are then hollowed out to form 
tubes, walled by a single layer of endothelial 
cells. ^Vhe^e main blood vessels are about 
to become established, there is found first a 
meshwork of these small channels (Evans, 
1909). Gradually some of these primitive 
channels are enlarged and straightened to 
form the main vessels, and their walls are 
later reinforced by the addition of circularly 
disposed connective-tissue fibers and smooth 
muscle cells. In this manner, the primitive 
efferent channels are prolonged from the heart 
oephalad, beneath the pharynx, as the ventral 
aortae. They then bend laterally and dorsally 
about the pharyngeal walls to form aortic 


arches, and finally turn caudad to extend 
nearly the entire length of the embryo as the 
dorsal aortae (Figure 11-15). 

At first, there is but a single pair of aortic 
arches which is located in the tissue of the 
mandibular arch (Figure II-9A). Later in 
their development, vertebrate embryos in gen- 
eral tend to form five additional pairs of arches 
connecting the ventral and dorsal aortae ( Fig- 
ure II-lOA). Each of these aortic arches lies 
in one of the visceral arches caudal to the 
mandibular. The entire series of aortic arches, 
however, is never present at the same time in 
mammalian embryos, for the first two arches 
degenerate before all of the more caudal ones 
are formed, and the fifth is rudimentary and 
often wanting altogether (Congdon, 1922). 
From the functional standpoint, the signifi- 
cant thing is that blood passes by way of one 
or more pairs of aortic arches around the 
phar>'nx from the ventrally located heart to 
the dorsally located aortae which are the main 



I'lgure 11-8. Ventral «if Imni.in nnl>i>*>nic tn show heiKliiiR of car»li.K’ 

tnhc and cstahlishins of rt-gional (AfUt KrarntT, Am. }. Anwt , Vol. 71. lOlI!.) 
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I'lRiire 11-9. Deselopmenl of aortic arctics and cwebral in liuman embtj-os. (Based, 

in part, on the work of Congdon, Camvgic Contrib. to Embnjol, \'ol. 14, 1922, from Patten, 
ifumari £nibrpofog^, courtesy of Hie Blakiston Company.) 


distributing trunk* of the embiyonic circula' second arches have degeneratt'd and the 
tion. In human embryos of one month, the aortic arches present are (he third, fourth, 
first three aortic arches are well formed and and sitth of the series (Figures 11*9 and 
the fourth is usually just making its appear* II-IO). 

ance (Figure II-I5). By the time the embryo Tliroiighout the length of the aorta, small 
has reached a size of 10-12 mm., that is to branches appear at regular inters’als and ex- 
sav six weeks after fertilization, the first and tend dorsad on eitJicr side of tlie neural tube. 
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Since these vessels are formed between ad- 
jacent somites, they are known as the dorsal 
inferscgmental arteries (Figure 11-15). Most 
of the important branches of the aorta arise 
either from these dorsal intersegmental vessels 
or from another series of segmentally ar- 
ranged brandies which extend ventrally, and 


still others which extend laterally in the 
growing body {Figure II-ll). 

When first formed, the dorsal aorta is, as 
we have seen, a paired vessel (Figure II- 
llA). This paired condition is retained in the 
branchial region, but caudally the tU’O primi- 
tive aortae soon fuse to form a median vessel 



of aortic arches. 

Abbreviations: br. ccph., brachiocephalic (innominate) artery: hn., lingim! artery; max., 
maxillary artery; thy., thyroid arteries. Figure II-9 shows from anollicr view, and less sclicm.ati- 
cally, some of the changes smntnarizcd in this lUustraUon. 

The arrow in tlic loNver part of C indicates the change in position of origin of left subclaWan 
artery « iiicli occurs in the later stages of dei elopnicnt 



38 


PATHOLOGY OF THE HEART 


Cfersaf 

"Asrtd 




Figure II-ll. Crosb-sectional plans of the body showing relations of segmental branches of 
aorta at different stages of development. (From Patten, lliinuin Embryoheij, courtesy of 
The Blakiston Conipan) ) 


(Figure ILllB, C). The fusion first occurs 
in the midbody region and extends thence 
cephalad to about the level of the anterior 
appendage buds and caudad throughout the 
length of the aorta. 

In young embryos, the most conspicuous 
vessels arising ventrally from the dorsal aorta 
are the allantoic or wnhilical arteries, w'hicli 
supply the vascular plexus of the chorion, 
and the omphalomesenleric arteries which arc 
prolonged as tlie vitelline arteries to the yolk- 
sac (Figure 11-15). Tliese vessels arise from 
the aortae before their fusion and, being de- 
riv’ed by enlargement of its primitive ventral 
segmental branches at the levels concerned, 
are at first paired, right and left (Ingalls, 
1920). Tile umbilical arteries retain their 
paired condition but, when the body is closed 
ventrally, the right and left omphalomesen- 
teric roots are brought together in the mid- 
line and fuse to fonn a median vessel ninning 
in the mesenterx’ (Figure ll-ll). With Uie 


early degeneration of the yolk-sac, this vessel 
becomes relatively less conspicuous and is 
knmvn as the superior mesenteric artery { Fig- 
ure Il-llC, D). Its original relations are, 
nevertheless, apparent from its course along 
the intestinal loop into the belly-stalk to the 
place where tlie small yolk-sac still retains its 
attachment to the gut. 

The Primary Venous Channels. Tlie main 
vessels first serving to collect the blood which 
is distributed to all parts of the embryo by 
branches from the aortae are the cardinal 
x'eins. Tliey arise by an entirel)’ similar iiroc- 
ess but become clearly defined somewhat later 
than tlie aortae. Tlicre are at first two pairs of 
these vessels, the anterior canlinal veins drain- 
ing the cephalic, and the posterior cardinal 
veins draining the caudal region of the body. 
At the level of the heart the anterior and 
posterior cardinal veins on either side of the 
body liecome confluent as the co7nmon cardi~ 
nal veins, or ducts of Cuvier. TIic common 
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cardinals are short trunks which at once turn 
ventromesiad and enter the dorsocaudal part 
of the heart (Figures 1I-12A and 11-15). 

Little alteration from primitive conditions 
occurs, at early stages, in the veins of the 
ventral part of the body. Numerous large 
tributary vessels appear, especially in the ce- 
phalic region where they converge on either 
side of the head as the so-called venae capitis. 
It is already possible to recognize in the 
larger of these branches the primordial vessels 
from which tlie main venous sinuses of the 
adult cranial region are derived. Funda- 
mentally, nevertheless, these veins are but 
an elaboration of the original anterior cardinal 
system. 

In ver)’ young embryos, the posterior cardi- 
nal veins are the only conspicuous venous 
channels draining the caudal half of the body 
(Figures II-12A and 11-15). By six weeks, 
however, new vessels have appeared and, 
while the relative position of the posterior 
cardinals os vessels l>’ing dorsal to the meso- 
nephroi remains unchanged, much of the 
blood formerly returned by them now 
reaches the heart by way of new channels. As 
a result, the posterior cardinal veins in the 
midmesonephric region begin to undergo re- 
gressive changes. Tlie new vessels which tlms 
bring about the diversion of the blood from 
the posterior cardinals are tlie siibcardinal 
veins (Figure 11-12). ^^^en they first appear, 
these vessels are but an irregular plexus, tribu- 
tary to the posterior cardinals (Figure 11- 
I2A). The organization of longitudinal chan- 
nels in tliese plexuses establishes tlie main 
subcardinal veins as vessels e.xtending ceph- 
alad in the ventromesial border of the meso- 
nephroi, parallel with, and ventral to, the 
posterior cardinal veins. In the cephalic part 
of the mesonephros, the new'ly established 
subcardinal blood stream enlarges some of the 
small channels already entering the posterior 
cardinal and discharges through them into 
the posterior cardinal vein (Figure 11-128). 

With the growth of the mesonephroi the 
rapidly enlarging subcardinal veins arc 
brougiit very close to each other, \\nicre tlic>' 
are approximated, cross-communication is es- 
tablished, first by small vessels (Figure II- 


12B) and then by a broad intersiihcardinol 
anastomosis (Figure II-12C, D). Tlje large 
median sttbcardinal venous sinus thus formed 
probably offers Jess resistance to the flow of 
blood tlian surrounding channels; in an>' case, 
all the vessels connecting with it tend to drain 
toward it (Butler, 1927). 

One might expect that the great volume of 
blood entering the subcardinal sinus would 
cause a corresponding enlargement of the ce- 
phalic portion of one or both subcardinal 
Veins. Instead, a new and more direct channel 
toward the heart appears. In its growth, the 
liver is crowded ver>’ close to the mesoneph- 
roi. The developing liver contains a maze of 
vascular channels, as does the mesonephros. 
Capillaries ramifying in the base of the 
mesenterj' between the liver and the meso- 
nephros form the connecting link between the 
two organs. Once the blood begins to find its 
way by this route, the small irregular channels 
are rapidly enlarged and straightened to form 
the primordium of the mesenteric portion of 
the inferior vena cava (McClure and Butler, 
1925; McClure and Huntington, 1929; Reagan, 
1929). The new and more direct channel thus 
established leads from the subcardinal sinus 
through tile right subcardinal vein for a short 
distance, and thence bj' the newly excavated 
channels in the mesenlerj’, through the liver, 
to tl)e heart (Figure II-12B). 

The venous return of blood from the 
yolk-sac circulation, and later from the de- 
veloping placental circulation also, reaches 
the heart by ^va)’ of the li^'er. At first the 
omphalomesenteric veins pass along either 
side of the yolk-stalk and the dei'elop/ng walls 
of Uie gut-tract to enter the sinus venosus di- 
rectly (Figure II-13A). The growing liver, 
however, soon encroaches on their proximal 
portions so that, instead of being rehuned to 
the heart by the original main veins, the blood 
is routed tlirougli a maze of small channels 
ramifxing among tlie developing cell cords of 
the liwr (Figures n-9B-D and 13B, C ). Leai'- 
ing the liver, the blood of this circuit is re- 
collected to join the stream coming back from 
the body by way of the developing inferior 
x-ena cava (Figure 11-130, D). 

The umbiUcal veins which return the blood 
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from the chorion to the heart are, at first, 
paired vessels traversing the belly-stalk and 
the lateral body- walls of the embryo (Figure 
11-15). Their original direct course through 
the body-walls to the sinus venosus does not, 
however, long persist. As was the case with 
the vitelline circulation, the growing liver 
interrupts the umbilical veins. The underlying 



factor in this process is the extensive growth 
of the liver which brings it into contact with 
the lateral body-walls in xvhich the umbilical 
veins are embedded. Fusion follows the con- 
tact and small vessels develop between the 
umbilicals and the net\vork of channels in 
the liver (Figure II-13B). As these new ves- 
sels develop, the portions of the umbilical 




Figure 11-13. Diagrams showing development of hepatic portal circnlalton from omphalo- 
mesenteric veins, and changes by whicl» blood retutmng from placenta by way of umbilical 
vans is rerouted through the bver. (From Patten, tfuman Embryology, courtesy of The 
Blakiston Company.) A. Dasetl on conditions in pig embot>^ of 3-< mm., applicable to 
human embrj-os of fourifi wecl. S Sised an piff embryos ai about 6 mm., app?ica&fc ta 
human embryos of fifth week. C. Based on pig erwbrj'Os of 8-9 mm., applicable to human 
embryos early in sixth w’eek. D. Based on pig einbr>’os of 20 mm. and above, applicable to 
human embryos of seven weeks and older. 



PATHOLOGY OF THE HEART 


4'Z 



Figure 11-14 Deseiopment of >olU$ac blooil elands. A C are camera lucida drawings, re- 
produced X353 A. Early stage in aggregation of cells behs’cen entoderm and splanchnic 
mesoderm in yolk-sac of an cmbr>o early in fourth week (17 somites). B. Beginning of 
differentiation of endodteliuni and pnniitive Wood cells, from an embryo of about four weeks 
(4.5 mm ). C. A more advanced area from a four-week embryo showing endotlielium well 
differentiated and corpuscles suspended free in plasma D. The Comer 10-somite embryo 
showing location of young blo<Kl islands on yolk-sac (From Patten, Human Embryology, 
courtesy of The Blalaston Company.) 


veins cephalic to them gradually drop out af* 
together and all the placental blood passes 
through the liver (Figure II-13C, D). 

Shunting Mechanisms in Embryonic Circu- 
lation, ^^'ith the completion of this change in 
the umbilical circulation, the liver has become 
the common path of return for both of the 
original e\tra-embr>’onic circuits. Tliis mount- 
ing volume of blood reluming through the 
liver and rcacliing the heart by way of the 
developing inferior vena cai’a is, of course, a 
major portion of the cardiac intake during 
intra-uterine life. The fact that the original 
bilaterally .ssinmetrical relations of these in- 
coming vessels are sliifted to the right side of 
the do’clopiug cardiac septa, as the cava! sys- 
tem replaces the primitive cardinal system of 
vessels. Is of vital importance in understand- 
ing the functioning of the developing heart. 
Tlic right-left imbalance in cardiac intake thus 


set up creates die necessity’ for compensatory 
shunting mecham’sms (Patten, 1946). On the 
intake side, we shall see the shunt in the 
form of the series of interatrial communica- 
tions which are maintainetl throughout fetal 
life. On the output side, the shunt is effected 
by the ductus arteriosus which persists until 
after birth. It is only when one realizes that 
the maintenance of intracardiac balance is as 
important to the fetus as it is to the adult, and 
comprehends the mechanisms u’hich effect the 
balancing, that the sequence of events in the 
partitioning of the heart can be logically inter- 
preted. 

The First Embryonic Blood Corpuscles. 
Wliile tlie heart and the main vascular chan- 
nels of the embry o h.avc been taking .shape, 
changes leading toward the fonnation of the 
first hItKxI corpuscles of the cmliiyo are occur- 
ring m the yolk-sac (Sabin, 1922; Bloom and 



DEVELOPMENT OF HEART 


•43 


Bartclmez, 1940). Connecting with the de- 
veloping vitelline blood V'essels in the splandi- 
nopleure of the yolk-sac are prevasciilar cords 
of mesodermal cells, as yet not hollowed out 
In these cellular cords are frequent knot-like 
enlargements, known as Wood islands (Figure 
II-14A), containing not only cells whicl) are 
destined to form vascular endothelium but 
also cells which will give rise to blood cor- 
puscles. In the differentiation of a blood is- 
land the peripherally located cells become 
flattened and somewhat separated from the 
rest of the mass (Figure II-14B). Eventually 
they become arranged as a coherent investing 
layer, a single cell in thickness, and clearly 
endothelial in nature. Meanwhile, fluid accu- 
mulates inside the endothelium and the en- 
closed cells which were situated toward the 
center of the original mass become rounded 
and take on the characteristics of primitive 
blood corpuscles (Figure II-14B and C). 

As the endothelial vesicles enlarge, they 
become confluent with similarly differentiat- 
ing blood Islands (Figure II-14C) with the 
resulting formation of a plexus of freely anas- 
tomosing endothelial tubes, the primordial 
capillary bed of the yolk-sac. When these 


capillaries have attained open communica- 
tion with the main \’asciilar channels to and 
from die heart, everytJiing is in readiness for 
the commencement of the embryonic circula- 
tion, for meanwhile tlie lieart lias developed a 
beat sufficiently effective to propel the blood. 

Tlie Three Arcs of Embryonic Circulation. 
By way of a simplified summary emphasizing 
its functional significance, the early embryonic 
vascular system can be resolved into three 
distinct sets of afferent and efferent channels. 
Each set of these main channels, with its 
interpolated capillary bed, can conveniently 
be called a circulatory arc. One of these arcs 
we may designate as intm-embnjonic. In 
this arc, the blood pumped by the heart is 
distributed by the aortae to the embryonic 
body. Small branches from the aortae break 
up locally into capillaries which bring the 
blood into intimate relation with the develop- 
ing tissues, facilitating the passing on to them 
of oxygen and food materials, and relieving 
them of the waste products of their metabo- 
lism. The blood is then collected by the 
cardinal veins and the otlier venous channels 
which later arise in association with (hem, 
and is returned to the heart. 



obsenpr. (From Patfci), lliman Embq)olo(^, tmirtny of The Compuiy.) 
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The other arcs are the vitelline wliidi runs 
to the yolk-sac, and the allantoic or umbilical, 
to the chorion (Figure 11-15). Both these arc^ 
start within the embryo, for the heart serves 
as a common receiving and pumping station, 
and the aorta as a common distributing main, 
for all three of the circulatory arcs. But be- 
cause their main vessels extend outside the 
body with their terminal ramifications in the 
extra-embryonic membranes, these latter arcs 
are ordinarily spoken of as extra-embryonic. 

We see in the vitelline arc the strong im- 
print of phylogeny. The ancestral stock from 
which the higher mammalian types have 
evolved had a large yolk-sac well supplied 
\vith food material stored in advance by the 
mother. The development, in such forms, of a 
special circulatory arc by means of which tliis 
raw material for growth is absorbed and trans- 
ported from the yolk-sac to the body of the 
embiy-o for utilization is exactly what one 
would expect. Higher mammals, although no 
longer dependent on food stored as yolk for 
their growth, still go through tlie inherited 
motions of forming a yolk-sac and a vitelline 
circulation. 

The allantoic arc is phyJogeneticalJy less 
ancient than the vitelline. Instead of being 
a regressing mechanism, as is the vitelline arc, 
it reaches its greatest development in mam- 
mals. In young mammalian embryos, it is 
the means of projecting embr^'onic vessels 
onto the inner face of the chorionic veside, 
thereby bringing the embryonic blood suffi- 
ciently close to the uterine blood of the 
motlier to facilitate the interchange of food, 
ox>'gen and waste materials. It is but natural 
that this e.\tra-embr>’onic extension of tlic cir- 
culation should appear ver\’ early and carry a 
relatively large amount of blood. It is on this 
arc that the >'olkIess embryos of higher mam- 
mals are dependent for the metabolic inter- 
changes «4(Iiout which their deveIopm«it 
would be impossible. 

Beginning of the Circulation of Blood. It 
is a matter of considerable interest to knmv 
the approximate time of beginning of the 
circulation in man. No direct observ'ations 
have been made hut reasoning from condi- 


tions kmown to exist in other embiy’os kept 
under continuous observation by tissue-cul- 
ture methods (Goss, 1938, 1940, 1942), we 
can place the time of the first heart beats of 
the human embryo at about the end of the 
third week of development. 

In chick embryos in which the first cardiac 
pulsations and the beginning of the circula- 
tion of blood have been observed and re- 
corded by micromoving-pictures (Patten and 
Kramer, 1933; Patten, 1939, 1949), the first 
beats, although rhjthmic in character, are not 
sustained and periods of pulsation are inter- 
spersed with quiescent periods. There is a con- 
siderable interval of time bet\veen the first 
contractions of the growing heart muscle and 
the beginning of the circulation of blood. 

Meanwhile corpuscles are being formed in 
the blood islands of the yolk-sac and the 
venous channels leading to the heart contain 
fluid. At first this fluid is devoid of corpuscles 
but, just before the actual circulation of blood 
begins, a few corpuscles can be seen in the 
veins, freed from their parent cell clusters 
and shuttling back and forth with each heart 
beat. Tlie lieait lias now apparently developed 
sufficient power to propel tlie blood, corpus- 
cles are formed, and there is a fluid vehicle in 
the vessels. As soon as the gradually devel- 
oping maze of small peripheral channels opens 
the connections between arteries and V’Cins, a 
jerk>' progression of the corpuscles replaces 
their shuttling movement and the circulation 
of blood has commenced. If the sequence of 
events in the human embn,’o is comparable to 
that in the chick, it would be four or five days 
after the heart showed its first twitching be- 
fore it set the blood in motion, probably some 
time late in the third week of development. 
Strong corroborative evidence that this actu- 
ally is the time at which tlic blood begins to 
circulate is furnished by serial sections of 
jxjung human embryos. Such specimens ivilJ 
begin to show blood corpuscles in the lumen 
of the heart during the latter part of the third 
n'cek. Only by tlic pumping action of the 
embiyonic heart could these corpuscles have 
been carried there from their place of origin 
on the yolk-sac. 
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THE CONVERSION OF THE PRIMITIVE TUBULAR HEART 
TO ITS DEFINITIVE, CHAMBERED CONDITION 


To apprcciiite the significance of the 
changes wliicli occur in tlie growing heart, one 
must have in mind tlie exigencies under which 
it develops. Starting as a simple tube, svith 
the blood passing through it in an undivided 
stream, it must become conveited into an 
elaborately valved, four-chambered organ, 
partitioned in the midline and pumping from 
Its right side a puhnanary stream whicli is 
returned to the left side and pumped out 
again by way of the aorta as the systemic 
blood stream. And the heart cannot cease 
work for alteration, there can be no interrup- 
tion in the current of blood it pumps to the 
growing embryo This is but one phase of the 
matter. The pulmonary arc of the circulation 
cannot work up gradually to full functional 
activity because it is impossible for the lungs 
to take in air until after birth Yet the pulmo- 


nary circulation must, at the moment of birth, 
be ready to take over the entire responsibility 
of oxygenating the blood. Furthermore, in the 
early phases of development, the left side of 
the heart can receive but a small volume of 
blood from the lungs because no more can 
pass through them in their undeveloped con- 
dition. Yet it must be ready at the time of 
birth to pump through the myriad peripheral 
vessels of the systemic circulation the full 
blood stream received from the newly-fune- 
tional lungs. These are some of the situations 
wJiich must be faced before the heart can ar- 
rive at its adult condition. The manner in 
which they are met is doubly interesting be- 
cause they seem at first sight so insurmount- 
able. 

One of the primary factors leading to- 
ward the early regional differentiation of the 



Figure II-IG Scini«.Iieni.ltic drj«ing^ of interior of to sJioiv initij] stt-jis In ih p.irli- 

tioning. A. Canhac sept.i arc rcprc'ciilwl at itage rc-athttl in Inunan cmln>os early in liflli 
week of ilcvelopmcnt. Note especially tlic pnmat>' relations of intcralri.il septum pntmim. 
Based on original rt'conslmctions of ll»c heart of a 3.7-mni. pig cinhryo, and on Tandlcr’i re- 
constructions of corresponding stages of the hunun heart. U. Cardiac septa as tliey appear 
in Iniinan einliryos of sixth week. Note restriction of interatrial foramen pnmiiin hy growtli 
of inferatn'al septnm prfnufnt. 2Jas«? on origirtat reexmsttjicfionr of Ote fte.rrt of 6-tmtt. pig 
enibr>o, on Born’s rcconstmclionv of rahhit heart, and Tandlcr's nt-onstnictions of cftrrevprjnt)- 
ing st.agr-i of the human he.ut. (From Patten, ifuman Emtiryoiogij, courtesy of Hie Blakislon 
Coinpan>‘.) 
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Figure 11-17 Four stages in parbboning of alnoventncular canal. ( Alter Kramer, Am. J. An<rf„ 
Vol. 71, 1942. ) The apex of the veotncle has been cut ofi and the heart is \ievved from below. 
In this aspect, the relations of conus ndges to A-V canal cushions and to the upper part of 
interx'entncuUr septum are especially instructive. 


heart is the rapid elongation of tlie primitive 
cardiac tube. The heart increases in lengUi so 
much faster than the chamber in which it 
lies that it is first bent to the side and then 
twisted into a loop. Since the cephalic end 
of the heart is anchored in the body by (he 
ventral aortic roots, and the caudal end by 
the great veins, it is the midportion of the 
cardiac tube si’hich, in the bending process, 
undergoes the most e.-rtensive changes in posi- 
tion. This is facilitated by the early disappear- 
ance of tlie dorsal mesocardium which leaves 
the heart entirely free in its midregion. 

During the period in which (lie cardiac loop 
is being formed, the primary regional divisions 
of the heart have, as we have seen, become 
clearly differentiated (Figure II-S). Almost 
from their earliest appearance, the atrium and 
the ventricle show e.xtemal indications of the 
impending division of the heart into right and 
left sides. A distinct median furrow appears 
at the ape.t of the ventricular loop (Figures 
n-8D and E). Tlie atrium, meanwhile, has 
undergone rapid dilation and bulges out on 


either side of the midline (Figures II-8 and 
11-29). Its bilobed configuration is empha- 
sized by the manner in which the tnincus 
arteriosus compresses it midventrally. 

Thus, by the end of the first month of de- 
velopment, the principal regional diWsions 
of the heart are recognizable. Functionally, 
however, the heart is still acting as a simple 
contractile tube, witJi an undivided blood 
stream entering its sinoatrial end and being 
pumped out at its ventricular end. 

Partitioning of the Atrium and Atrioventric- 
ular Canal. Tlie basis of the partitioning of 
the heart into right and left sides is largely 
laid down during tlie second month of de- 
velopment, but the final phases of this diri- 
sion and the rerouting of blood streams in- 
volved cannot be completed until after birth 
when the placenta ceases to be the source of 
oxygen, and lung-breathing begins. In the 
separation of the primitive common atrium 
into right and left cli.ambers, two septa are 
directly inx’olved. Tlicse, on the basis of their 
sequential appearance, are commonly called 
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septum primum and septum secundum (Bom, 
1889; Tandler, 1912; Odgers, 1938, Patten, 
1953). Starting as a crescentic ridge on tlie 
dorsocephalic part of the atrial u'all, septum 
pTimum grows toward the atrioventricular 
canal (Figure 11-16). 

At about the same time that septum primiim 
is making its appearance, tile first indications 
of the impending division of the original com- 
mon atrioventricular canal into a right and a 
left channel become evident. Two local thick- 
enings, one dorsally, the other ventrally lo- 
cated, appear in the walls of tlie canal. These 
thickenings are the endocardial cushions of 
the atrioventricular canal. Each cushion con- 
sists of a plastic mass of embryonal connective 
tissue, of the type characteristically appearing 
in the developing heart at points where septa 
will fuse, or where elaborate connective-tissue 
structures, such as the cardiac valves, are 
destined to be molded. During the sixth week 
of development the dorsal and ventral cush- 


ions are brought into contact with each other 
by then- osvn growth, and fuse to form a com- 
mon mass dividing the atrioventricular canal 
(Figures 11-16 to 11-18). There is then left 
between the concave margin of septum 
primum and the growing atrioventricular 
canal cushions a progressively diminishing 
opening known as the interatrial foramen 
primum, or ostium primum (Figures II'16B 
and n-18). 

While these changes have been occurring, 
tlie sinus venosus has been shifted out of the 
midline so that it opens into the atrium to the 
right of the newly formed interatrial septum 
(Figure 11-16). The heart is now in a critical 
stage of development. Its simple tubular form 
has been altered so that the four chambers 
characteristic of the adult heart are clearly 
recognizable. But there is as yet no division 
of the blood stream because tliere are still 
open communications from the right to the 
left side in botli atrium and ventricle. A little 



Figure 11-18. Semisclicniatic drawing of interior of heart to show start of interatrial septum 
secundum and appearance of intet.atrial foramen secundum in septum primxim. Based on 
original reconstructions of the ho.art of a 9.4.mm. pig en<br>o and on Tandlers rcconsfnic- 
Uons of the heart of hunmn embrjos of scsentli week. (From Batten, Human Emhrvologv. 
courtesy of The Blaliston Company.} 
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further progress in file gro^vth of the parti- 
tions, however, and the two sides of tlie heart 
would be complete])’ separated. Were this to 
occur in the young embryo, the left side of the 
heart would become almost literally dry. An 
insignificant amount of blood from the un- 
developed lungs is all that would enter if, for 
the sinus venosus into which systemic, portal, 
and placental currents all enter has, as we 
have seen, come to open on the right of the 
interatrial septum. The partitions in the ven- 
tricle and in the atrioventricular canal do 
progress rapidly to completion (Figures 11-16, 
11-18, 11-19 and 11-20) but an interesting series 
of events takes place at the interatrial parti- 
tion which assures that an ladequate supply of 
blood will reach the left atrium and thence, 
the left ventricle. 

Just when septum primum is about to fuse 
with the endocardial cushions of the atrioven- 
tricular canal, closing the interatrial foramen 
primum, a new opening is established. Tlie 
more cephalic part of septum primum is rc- 
sorbed * to form inferatrial foramen secun- 
dum. The appearance of a second interatrial 
communication, just as the initial one is clos- 
ing, is of fundamental significance because 
the constant presence of an interatrial com- 
munication makes it possible for the left 
atrium to receive, without interruption, a con- 
tribution from the blood entering the right 
atrium. 

More than the atrial part of the heart is in- 
volved in this matter of balanced atrial intakes, 
for the atrioventricular canal is divided by the 
10-mm. stage, and at about the 16- to 17-mm. 
stage the interventricular septum separates the 

• Interatri.nl foramen secundum develops first in 
the form of multiple small perforations sshicli second- 
arily coalesce to establish a single sizable opening »iln- 
at«l ccp}jal«lors.al]y jn septum primum. Occasionally 
sonic of the initial small openings may arise in septum 
primum outside of the usual temlor>, ami persist 
imlcpenclcntly uithoiif being incorporated into (lie 
main interatrial for.imcn secundum If such accessory 
opemngs are low in their loc.ition, they may appear 
in the fully fonnetl heart in tlie part of septum prf- 
mum which lies opposite the substfjucntly fonnetl 
foramen ov.ile in septum secundum and serves as its 
saUe (Figure Il-oIG and D). Such ectopic opemngs 
are parlicularl>- interesting from the thcorctic.il stand- 
point in th.it they represent a tlevelopniental defect 
which IS the result of excess resorption, instead of 
being in any sense a “dcv'-lopmcntal arrest.” 


right and left v’entr/cles from each otlier. After 
these partitions are completed, if the atrial 
intakes were unbalanced, the ventricular in- 
takes would inevitably be correspondingly 
disturbed. Tliat (his is a matter of more than 
theoretical importance is clearlj’ shown by 
the conspicuously defective development of 
the left side of the heart which is encountered 
when, as occasionally happens, abnormal de- 
velopment prematurely closes or markedly 
narrows the interatrial communication of the 
fetal heart (Patten, 1938; see also Figure \T- 
22 ). 

About the time the secondary interatrial 
opening is formed in septum primum, an- 
other septum begins to develop. Like septum 
primum, septum secundum is crescentic in 
shape, but the open part of the crescent is 
directed more caudally and dorsall)’ — toward 
the inferior part of the sinus inlet rather than 
toward the atrioventricular canal as was the 
case with septum primum. The more ceplmlic 
lip of septum secundum lies along the ceph- 
alodorsal wall of the atrium (Figure 11-18). 
Tlie more caudal tip merges \\’ith the endo- 
cardial cushions of the atrioventricular canal 
just to the right of the line of fusion formed 
by interatrial septum primum in the closure 
of primarj’ interatrial communication (Figure 
II-29D). Tliere is, as development progresses, 
a consolid.ition of interatrial septum primum 
and septum secundum to form that part of 
the definitive interatrial septum which fuses 
with the partition dividing the atrioventricular 
canal (Figure I1-29E and F). There is, more- 
over, some interdependence in the growth of 
these septa at this point. If tlie atrioventric- 
ular cushions fail to fuse, interatrial septum 
primum will tend to remain undeveloped on 
the atrial side of this defect. If the canal 
cushions and septum primum are defective, 
septum secundum follows their lead and fails 
to grmv into the characteristiailly shaped 
opening in the interatrial septum just above 
the point where it .should have fused with 
the partition of the atriuvcntricukr canal. 
Such a defect (Figures VI-7 to is usu- 

ally spoken of as a persistent interatrial fora- 
men primum. although this designation does 
not take adequate account of a possible under* 
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lying factor in defective growth of the atrio- 
ventricular canal cushions, nor of the second- 
ary deficiency in the growth of the caudal 
limb of septum secundum which seems to fol- 
low if septum primum has not laid the basis 
for its extension. 

As septum secundum grows, its concave 
margin for a time cuts progressively farther 
into the atrial lumen; but septum secundum 
is not destined to become a complete partition. 
Its extension gradually ceases, leaving a char- 
acteristic oval aperture which is the foramen 
ocale (Figures 1M9, 11-20, and 11-29). Tlie 
margin of septum secundum thus constitutes 


what in adult anatomy is called the Umhus or 
annulus fossae ovalis. 

The relations of septum primum to the oval 
foramen persisting in septum secundum are 
of vital importance. The secondary opening 
in septum primum is formed so near the ce- 
phalic wall of the atrium that the unresorbed 
lower part of septum primum lies as a loose 
flap, covering on its left atrial side the oval 
opening in septum secundum (Figures 11-19 
and 11-20). In this position it acts as a one- 
way valve, permitting the filling of the left 
atrium from the right but effectively shutting 
off return flow. In the fully formed fetal heart 
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FiRure 11-19, Scliein.itic tlr.iwing to -.how the inlemal canfiRiiration of ihc Jie.rrt in fiiiman cniiiryos of tfie 
tliirtl inoiKli. At tiiis stage, rt^onJtion hav begun lo jmolse the vaKiilae \inosae and sniiriiuii, .is 

indicated hy the manv small perforations in thrir margins. Note the %\a> the left venous v.dve is coming to 

he against septum secundum with vvhiclul is already boginmng usually leaves no rrxogniralife 

traces in the adult, hut occ.isionallj delicate bce-lAe rrmaUrt of it c.iii J>t‘ se<-n adherent to sepliini s.oin- 
dum and. more r.irel>, extending on to the vxilvvila foraminis tivalis (cf. Figurr-s 11-20 and Vl.21-20). (FriiMi 
Patten, rotiiufafions of F.mhryotogv, courtesy of tlic McGraw-Hill Bool. Company. Iw.) 
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Figure 11-20. Sthematic drawing to interrelations of septum pnmum and septum secundum tfuring 
latter part of fetal life Note cspeciatlj the %%a> m which the lower part of septum pnmum {s situated, so 
that it acts as a one-way i.alve at the o\'al foramen in septum secundum. The split arrow indicates Uie way a 
considerable part of the blood from the infenot lena caia passes through the foramen ovale to the left 
atrium while the remainder eddies back into the right atnum to mingle witli the bfooil being rctumod by 
way of the supenor \ena casa (From Patten. Faiimlatiom of Emfirtjplogy, courtesy of the McGraw-Hill Book 
Compan). Inc ) 


this flap is commonly known as the vaivnio 
foraminis ovalis ratlier than by its cmbr\’ 0 - 
logic name, septum pnmum. 

Primary Muscular Part of the Intcr^’cnlricu- 
lar Septum. Indications of the division of the 
primitive ventricle into right and left cham- 
bers appear at about the same time that the 
first interatrial septum becomes recognizable. 
Early in the second month the primar>' muscu- 
lar part of the intervcntriaiJar septum appears 
at the ape^ of the vcnlriCTilar bend, leaving an 
interventricular foramen between its crescentic 
margin and the bottom of the partition in 


the atrioventricular canal (Figure 11-16). 

In its earliest stages the interventricular 
septum appears to be little more than a ridge 
of trabeculae cameae (Streeter, 1948), When 
it is carefully reconstructed, a fine flexible 
pnibe can bo passed through it from one \'cn- 
triclo to the other by way of the inlertrabccu- 
lar spaces. As development progresses the 
traliccul.ic tend to become more compactlj' 
arranged, to form a relatively solid mj’ocardlal 
mass. Occasionally, however, this consolida- 
tion may not be complete, uith (he resultant 
persistence of small tortuous intciwcntricular 
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Figure II>23. Schematic diagrams shoN^'ing the partitioning of the tninens arteriosus to form tlie a.scending 
aorta and the p:j]j7]onar> trunk. Tloe relations arc depicted as they would appear at the loel of the line A-A' 
in Figure 11-22. 


openings in the main muscular portion of llie 
septum (Cf. Figure VI-34). 

The infcr>'entricular septum is usually de- 
scribed as growing toward tlie atrioventricular 
canal cushions and thus progressively reduc- 
ing tJie size of the inten'cntriciihr foramen. 
Tliis ser\-es well enough to emphasize the 
relative changes seen in comparing hearts of 
different ages (Figures 11-16 and 11-18), but 
it expresses in somewhat oversimpliBed terms 
what has actually happened. Actually it would 
he more nearly correct to sa>’ that tlie ven- 
triailar chambers on either side of the septum 
e\pancl. leaving the septum projecting rela- 
tively farther into the enlarged ventricular 
hiineu and c-ausing the interventricular fora- 
niei) to aiipear smaller in comparison with the 
size of the septum. 


Tlie interventricular foramen, instead of 
having its closure delayed until after birth as 
is the case in the atrium, is closed surprisingly 
early. Normally all traces of tlie opening vvill 
have disappeared by tlie end of the sev’cnth 
week (embrj’os of 17 to 19 mm.). Tlie final 
closure of the interventricular foramen is not, 
Iiow'ever, accomplished by the main muscular 
part of the septum. The last remaining open- 
ing is closed by a composite mass of connec- 
tive? tissue derived in part from the connective- 
tissue margin of the interventricular septum 
itself, in part from the base of the endocardial 
cushions forming the partition in the atrioven- 
tricular canal, and in part fr<im the eoniis 
ritlges. 

Partitioning of llic Tnincus Arteriosus and 
Formation of the Aortic and Pulmonary 
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Valves. The involvement of the conns ridges 
in the closure of the interventricular foramen 
makes it necessary to take up at this point 
the partitioning of the truncus arteriosus, 
for the conus ridges are merely prolongations 
into the ventricle of the ridges which fuse to 
divide the truncus into aortic and pulmonary 
channels. The partitioning of the truncus be- 
gins distally between the roots of the fourth 
and sixth aortic arches and continues back 
through the truncus toward the ventricles. The 
division is effected by the grou’th of a pair of 
ridges composed of the same type of plastic 
young connective tissue which we s,\w con- 
stituting the atrioventricular canal cusinons 
(Frazer, 1917, Spitzer, 1919-21, 1922, Odgcrs, 
1938j Kramer, 1942). As these ndges grow, 
they cut more and more deeply into the lumen 
of the truncus (Figure 11-23 A and B) and 
finally meet to form a complete partition (Fig- 
ure li-23C and E), separating an aortic chan- 
nel leading into the fourth aortic arches and 
a pulmonary channel leading into the skrth 
aortic arches (Figure 11-22). The fact that 


these truncus ridges pursue a spiral course as 
they grow tmvard the ventricles accounts for 
the way the ascending aorta and the main pul- 
monary trunk twist around each other as tliey 
emerge from the ventricles (Figure III-l). 
The same spiraling brings the aortic channel 
around into a position to receive the blood 
pumped by the left ventricle, and the pulmo- 
nary' channel into a position to receive the 
right ventricular output (Figures II-21B, II- 
22 and 11-27). 

The lei'el at U’hich the aortic and piilmo- 
nanj oaloes develop may be regarded as the 
line of demarcation between the truncus ar- 
teriosus and the tapering ventricular outlet 
called the conus. Here, there is a local elab- 
oration of the endocardial cushion tissue of 
the truncus ridges. In the walls of both the 
aorta and the pulmonary trunk three small 
pads of plastic young connective tissue de- 
velop and bulge into the lumen (Figures II- 
24D and E and II-25B), The two pads in 
either vessel ivhicli lie adiacent to the point of 
fusion of the ridges appear to develop as local 



Figure 11-21. Stfieniatic cro'’»-wtianal JiagRim< to crjihin parfjlfoning of fnirr- 
ctis arfcriOMii. The rd.Uionr are depKlnl as llwy w««i3d appear al l}»* Jt-n-J 
of ths ilcsdoping «;pinilumr vjlres (line B-B' in Figwre 11-22). (After Kramer, 
Am. Anar., Vol. 71, 1042.) 
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Primorcfia of 
FUrnonory SenTilunor 
Valve Cusps: 
Sl^is^rQl• 
Dextral 
Ventral 



Figure 11-25. Photomicrograplis of sections through de\elopIng aortic and pulmonary 
vali’es of s 13-mm. human embrjo. The level of the section shoiiTi in A {$ indicated by 
the line X-X', and that m B by the line V-V in Figure 1I-22. (After Kramer, Am. J. Anat., 
Vol. 71, 1942.) 


enlargements of the ridge tissue. The pri- 
mordia of the dorsal valve of the aorta and 
of the ventral valve of the pulmonary trunk 
are formed by independent local growth cen- 
ters in the intima opposite the points of fusion 
of the ridges. For this reason, tlie primordia 
of riiese cusps have been aptly described by 
Kramer (1942) as the dorsal and ventral 
intercalated valce stvelUngs (Figure II-24C)- 
Gradually each of tliese buttonlike masses of 
intimal connective tissue becomes molded into 
one of the cusps of the semilunar valves of 
the aorta or of the pulmonary artery. During 
the later stages of development there is fur- 
ther rotation of tiio aorta and tiie puImonar>' 
trunk about each other so tliat the aortic valve 
cusp which arose from the dorsal intercalated 
valve s^ve^ing is carried around into a dextral 
position, and the pulmonary valve cusp which 
arose from the ventral intercalated cushion is 
carried into a sinistral position (cf. Figure 
1I-24E with Figure 1I-2S). 

Closing of the Interventricular Foramen 
and Attainment of Definitive Relations at the 
Ventricular Outlets. On the vcntriailar side 
of the aortic and pulmonary valves, ridges of 
the same type which appeared in the tnincus 


are continued into the funnel-shaped ventric- 
ular outlet under the name of the conns ridges 
(Figures II-21B and 11-27). These conus 
ridges follow a direct continuation of the 
spiral course of the truncus ridges. Tlie rate 
of turn of the spiral is sucli that it brings the 
conus ridges in line w’ifh tl)e crest of the inter- 
ventricular septum and reduces, from above, 
the size of the interventricular foramen (Fig- 
ure 11-26). Local enlargements (tubercles) of 
the right margin of the endocardial cushions 
of the atrioventricular canals also crowd into 
the diminishing interv'cntricular foramen (Fig- 
ures 11-17 and 11-27). Tims the final closure 
of the inferv’entricular foramen is accom- 
plished, not by the grovv’th of the primary 
crescentic muscular septum, but by a plastic 
mass of connective tissue derived mostly from 
the conus ridges and from the right tuljcrcics 
of the atrioventricular canal cushions, with a 
small contribution from the connective tissue 
that caps the crest of the muscular part of the 
interventricular septum. This composite mass 
of connective tissue completing the interven- 
tricular septum is at first ratlier bulky and 
loosely organized (Figure II-29E). As the 
septal cusps of the atrioventricular valves are 
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molded, and as the connective tissue itself 
becomes nmre highi)’ dilferentiated, the inter- 
ventricular septum at this point of final clo- 
sure gradually becomes a thin fibrous sheet 
(Figure 1I-29F), known as the membranous 
part of the interventricular septum (pars 
memhranacea septi). 

When one reviews mentally all the various 
developmental processes involved in tlie par- 
titioning of the ventricles and the division of 
the truncus arteriosus into aortic and pulmo- 
nary trunks, it is not surprising tiuit the 
region of tlje ventricular outlets is one of 
the commonest sites of developmental dis- 
turbances. It is not enough that each com- 
ponent part, such as the truncus septum, 
must be laid down according to a certain 
pattern. Other components, such as the main 
muscular part of the interventricular septum 
and the atrioventricular canal cushions, start- 
ing elsewhere in the growing lieart, must also 
follow their appointed course and attain the 
appropriate degree of development in order 
to be joined, one with the other, at just the 
right place. Moreover, all the component parts 
must meet, not only at the right place, but 
also at the right time, for if one is unduly 
delayed, the associated parts svill develop be- 
yond their early condition of plasticity which 
makes possible the necessary’ fusions. This 
matter of the "timing" of deve/opuienfal proc- 
esses is, incidentally, one of tlie most easily 
overlooked, yet most vitally important, of the 


factors underlying malformations, and one 
concerning ivhicli we need much more pre- 
cise information than we possess at present. 

The developmental malformations of the 
heart are to be dealt with in detail in Chap- 
ter VT. It is not, therefore, pertinent here to 
do more than call attention to the special 
vulnerability of this particular region and the 
general way in which some of the growth 
processes here being considered may be dis- 
turbed. For example, unequal division of the 
truncus arteriosus as a result of malplaced 
truncus ridges may produce an unduly J^ar- 
row pulmonary trunk with a correspondingly 
overlarge aorta. Conversely, if the malposition 
of the truncus ridges is in the reverse direc- 
tion. one is confronted with an aortic ste- 
nosis and a large pulmonary trunk. In both 
such cases, the conal prolongation of the 
truncus septum is out of its normal position. 
It is only natural, therefore, that when one of 
its component primord/a is displaced, the sep- 
tum membranaceum is likely to remain in- 
complete. Such a correlated sequence of 
events is what presumably underlies "the large 
aorta arising astride of an interventricular 
septal defect” %vhfc}i is such a characteristic 
part of the picture in the so-called tetralogy 
of Fallot. 

Tlie foregoing examples merely suggest the 
kind of developmental disturbances in- 

volve tlie relations of the aortic and pulmonary 
outlets of the ventricles. A recent e.xtensive 
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FiRurc II-2G. Stlicinatic lateral diswlions to show rcLitions of aarioxis septa in die clc\i-lopiiiK 
heart. { Kramer- P.itten. From I’attcn, Human Embryohey, coiirtcsy of The BlaListon Company . ) 
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Figwre 11*27 ncconstructmn of heart of a l3-mm. embr)'o, opened to show relations of conal 
septa to intenentncwlar ieptum arwl tlie atnosentncular canal ctishJons. (After Kramct, Arn, }. 
AfMif . Vol. 71. 19-J2.) 


and exceedingly valuable study by Shancr 
(19-19) cmpliasj'zes tlie manner in w/iicli early 
maldevciopmcnt of the endocardial cushions 
of the atrirn’cntricular canal may be an under- 
lying Cause in malformations of the tmneus 
region. The frequency' with which these and 
related malformations are eJtcountcrcd make 
it particularly important to be llioroughh 
familiar with the normal development and 
topography of this region of (ho heart. 

Tlie aceomjjanying diagrams (Figure !I- 
28 ) . show ing the normal relations of the aortic 
and pulmonary’ outlets, were drawm from the 
unconventional hut very' cffcctivo approach 
used in some of Taussig’s {19-17) illustrations 
portraying the conditions in pulmonary ste- 
nosis. Tlie locations of the aortic and pulmo- 
nary' outlets arc pro/ecfcxl on a cross section 
of the underlying ventricles in such a m.inner 
that their relations to the septum membra- 
naccum are wpecially emphasired. In A, 


which represents schematically the relations 
in fetal hearts, it will he seen that the aortic 
outlet is not rotated as far around liehind the 
pulmonary outlet as is usually the case in 
adult hearts. It should, however, be noted 
that in adult hearts there is considerable indi- 
vidiial variation in these relations and any 
configuration between the cliaractcristie fetal 
and adult relations here diagrammed should 
probably be regarded as within normal limits. 
Another point of interest brought out by these 
diagrams is the fact, often overlooked, that the 
right and left ventricular walls of the fetal 
heart are of approvimately erjinil thickness. 
Tlie marked preponderance of the left ven- 
tricular wall in adult hearts is a ixistnatal 
characteristic acquired gradually during the 
first three or four years of life (Cross, J92I). 

In following the sequence of events in the 
partitioning of the heart, consideration of 
many other concurrent developmental changes 
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was postponed for the sake of coherence. It 
is now, therefore, necessary to take up such 
subjects as the manner in which the atrioven- 
tricular valves are formed, the changes which 
occurred in the sinus venosus while the atrium 
and ventricle were being subdivided; the way 
ner\'es and vessels reach the growing heart; 
and something of the origin of the sinoven- 
tricular conduction system. 

Atrioventricular Valves and Papillary Mus- 
cles. At the point where the riglit and left 
atrioventricular canals open into the ventricles 
there are early indications of the establishment 
of valves. From the partition which divided 
the originally single atrioventricular canal, 
and from tlie outer walls on each side, masses 
of tissue in the shape of thick, blunt flaps 
project toward the ventricle (Figure II-IS). 
It is these masses of a primitive type of con- 
nective tissue similar to that of the endo- 
cardial cushions of the canal which later be- 
come differentiated into the flaps of the adult 
atrioventricular valves. The processes involved 
are gradual alterations in shape, accompanied 
by slow histogenetic modifications of the char- 
acter of the component tissues. Changes of 
this type do not lend themselves readily to 


description by ages or stages, and we must 
seek rather to grasp their major trends. 

One of the essential features of any cardiac 
valve is the fibrous annulus to which its leaflets 
are attached and which reinforces the orifice 
against overdilation as the pressure builds up 
behind closed valves. At first the undivided 
atrioventricular orifice of tlie young embryonic 
heart is encircled by tissue which is almost 
entirely developing cardiac muscle. There is 
only a very thin outer epicardial layer, con- 
sisting of little more than niesothelium, and an 
endothelial layer which is just beginning to 
be backed by a scanty amount of connective 
tissue that has not yet progressed to the stage 
of fiber formation (Figure n-29A and B), 
When the atrioventricular canal is divided into 
right and left channels by the fusion of endo- 
cardial cushion masses (Figure 11-290 and 
D), the foundation is laid for the mesial por- 
tion of each of the atrioventricular rings. 
Concurrently, the epicardial connective tissue 
begins to cut into the myocardium at the atrio- 
ventricular sulcus. By the end of the eighth 
week (Figure II-29E), it has met the endo- 
cardial tissue so tliat all around the atrioven- 
tricular constriction the myocardium of tlie 



Figure II-2S Diagrams lo shoiv the relations of the aortic and pHlmonar>’ outlets to tltc infmhranous portion 
of the interventricular septum. Tho outlets and llirir Semihinnr valves are projected onto a schematized cross 
Section of the nnderlying ventricles in a manner suggested by some of Taiisvig's ilUutrations. A. Fetal rela- 
tions when nght and left ventricular walls are of equal Uiickness. B. Rcl.Uions as seen in a cluld of four years 
or older, vvlien the left ventnciilar wall has attained its adult degree of preponderance and there has been 
some further rotational change in the positions of tlie aortic and pulnioiury outlets. Note tJiat (lie diagrams 
are oriented on the basis of Uie division of the heart into right .ind left sides by the interventricular Septum, 
as one might hold the evcised heart in Ills hand. For the pouUon of the heart in the Ixxly, turn the p.ige so 
the arrow representing the dorsovrntral avis is vertical. 
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ventricle is cut off from the myocardium of 
the atrium by connective tissue. There remain, 
connecting atrial and ventricular myocardium, 
only slender fascicles of young cardiac muscle 
fibers which extend from the floor of the right 
atrium into the dorsal limb of the crescentic 
muscular part of the inter\’entricular septum 
and thence along its crest. There they bifur- 
cate to send fibers into each ventricular wall. 
This persisting group of myocardial fibers is 
destined to be differentiated into the atrio- 
ventricular bundle (bundle of His) and Us 
main branches. These will receive further con- 
sideration when the sinoventricular conduc- 
tion system, of whicli they are a part, is dis- 
cussed. 

Tlie connective tissue gron’th, which tends 
to separate atrial from ventricular muscle, es- 
tablishes the primordium of the so-called car- 
diac skeleton. Around each of the now sep- 
arate atrioventricular orifices, the plastic 
young connective tissue begins to differentiate 
into the circularly disposed collagenous fiber 
bundles that form the tricuspid and the mitral 
annuli. Tou’ard the lumen similar young con- 
nective tissue IS molded into flange-like pro- 
jections wlilch constitute the primordia of the 
atrioventricular vaUes (Figures II-29D-E and 
11-37). From the way in which the hvo atrio- 
ventricular canal cushions fuse with each other 
to divide the atrioventricular canal, it is evi- 
dent that the primordial tissue for tfic septal 
leaf of the tricuspid valve and for the medial 
leaf of the mitral valve must arise, in part, 
from tlie dorsal and, in part, from the ventral 
endocardial cushion of the atrioventricular 
canal. Tliis is a point of importance in under- 
standing the notching of these valves which is 
so generally seen in connection with defects 
low down in the atrial septum (Figure VI-7). 
In such instances of persistence of infcrafrial 
foramen primiim there is apparently a co- 
existing tendency for the atrioventricular canal 
cushions to lag somewhat in their growth and 
fusion, and it is this tendency which leaves its 
record in tlie form of the characteristic notch- 
ing of the valves. 

•\s the fiances uliich constitute the valve 
priinordi.i l>ecf»mc extended, the traheCTilaled 
uiviK-ardium is carried out on their ventricular 


surfaces. Then the dev'eloping valve is com- 
posed of loosely’ organized young connectiv’e 
tissue continuous with the muscular trabeculae 
of tlie heart wall on its ventricular face 
(Figure II-29E). In the final molding of the 
valves, the muscle on their ventricular face 
undergoes retraction and regression, so that 
the basis of the vah’e flaps becomes entirely 
connective tissue. At the same time, the mus- 
cle pulls away from the part of the trabeculae 
directly adherent to the valve and thus leaves 
only slender fibrous strands which are the fore- 
runners of the ieneUnous cords (Figure II- 
29F). Tlie basal portions of these same tra- 
beculae thereby become relatively thickened 
to constitute the papiUanj muscles. 

Tlie Uitest phases of x’alve development in- 
volve the histologic maturing of its compo- 
nent parts. In the annulus are developed 
licaw interlacing bundles of collagenous fibers 
which constitute the x’alvc ring and at the 
same time send out strands which anchor the 
base of the valve leaflets to the annulus. The 
tendinous cords come to be constituted by 
parallel bundles of collagenous fibers anchored 
in perimysial tissue of the papillary' muscles. 
Last of all to make its ajtpearance is the 
strongly developed meshwork of slender clas- 
tic fibers which are so characteristically inter- 
laced with the finer collagenous bundles of 
the atrial faces of the adult valves. In the light 
of the retraction of the mj'ocardfum from its 
early association W’itli tlio valve primordium, 
the occasional pre.sence of a few rudimentary 
muscle fibers in the suhendolhelial connective 
tissue of the valvular endocardium is readily’ 
understandable. The curious ill-tlefined histo- 
logic picture these fibers often present in tlie 
adult has led to their being confused w'ith the 
smooth muscle cells that ocair sporadically in 
the endiKxirdia) tissue in many plaei's in the 
heart. Under favorable conditions, however, 
the cartliac character of these nidimenlary’ 
muscle elements of the vonlricukir surface of 
the atriovcntriCTilar valves can be clearly si*cn. 
Tlirouehoiit all the changes w'C have bc’cn con- 
sidering, the endothelium at all times consti- 
tutes an unbroken covering of the dcs’cloping 
ralvcs themselves and their associated tendi- 
nous cfirds and papillary muscles. 
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Figure 11-29. Sectional plans of embif>onic licait in frontal plane, sIlo^^^ng extent of growth 
of various cardiac septa at several stages of development. Tlicso iliagranis give sprtjfic.al]>’ 
for the human embrjo a more precise pictwrc of the rate of progress of p.nrfi{iomng than do 
the preceding schematic drawings. Suppled areas in the thagrams indicate divtnfnition of 
endocardial CTi'hion-tissue; muscle is slwwn in diagonal hatching, and epicardium in solid 
bl.ack. Tlie lighlly-stipplcd areas in atrsovenlricular canal In B and C intlicatc location of dorsal 
and ventral endocardial cushions of atnoventrioular canal before they have grown sniRcienflv- 
to fuse with each other in the plane of the diagram. (ModiBtd from Patten, Am. /. Path., 
14:135. 193S.) 




Figure 11-00. Si* stages in tljc dcsclopment of tlir heart, drawn in dorsal aspect to show 
changing relations of sinus vrnosus and great xtins entering heart. A. T«o anti one-half 
weeVa (&-10 somites). B. Tlirce «eeks ()2'14 somites). C. Tliree and one-half sseeltj (17- 
19 somites). D. Fhe weela (0-8 mm. erms-n-tump length). E. Eighth week (embr>'os of 
shout 25 mm.). F. 11 weeks (embryos of alxMit 60 mm.). (From Patten, Human Embryology, 
cotirtesy of The Bbkiston Company.) 
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Changes in the Sinus Region. The so-called 
sinus venosus of the embryonic heart has not 
been as carefully studied as it merits. More- 
over, the fact that the composition of the sinus 
venosus is so radically different at various ages 
lias led to considerable looseness in its de- 
scription. In early stages, what is commonly 
called the sinus venosus is merely the region 
of confluence of the great veins which bring 
the blood back to the caudal end of the primi- 
tive tubular heart (Figure II-30C). Tlie sinus 
venosus as it appears in somewhat older hearts 
is still essentially the region of confluence of 
the entering veins, hut additional mesial fusion 
of the primary' omphalomesenteric vessels has 
occurred so that the original sinus territory 


has been increased, and the opening into it of 
the ne\vly formed caval inlet further changes 
its configuration (Figure II-30D). Concur- 
rently, the epimyocardium comes to invest the 
sinus endocardium more and more completely 
(Figure II-30C-E). At the same time, also, 
the opening of the sinus into the atrium is 
shifted out of the mfdline so that it comes to 
lie on the right side of the de\'eloping inter- 
atrial septum (Figure 11-16). These changes, 
taken in conjunction with the rapid evpansion 
of the atrium, in increasingly intimate associa- 
tion with which the sinus develops, soon com- 
bine to give the sinus somewhat the shape of 
a lopsided “U” bulging out on the dorsal wall 
of the atrium (Figure II-30D). The limbs of 



Figure 11-31. Scliem.itic diagrams showing a series €)f stages in the establishing of the adult pattern of 
pericardial reflections. Each plan represents a scnttal siew of the lay-out on the dorsal wall of the opened peri- 
cardial cavity from ssliich the heart has been remosed. The onflees outlined in red are the arterial outlets, 
those outlined in blue are venous inlets. The hea\y black lines represent the cut pericardial reflections about 
the vessels and peripherally, the cut parietal pericardium. These figures should be carefully compared wjfj) 
the dorsal views of a series of removed hearts duming comparable stag« (Figure 11-30). 
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the “U,” into which the right and left com- 
mon cardinal veins enter, are usually spoken 
of as the “horns of the sinus.” 

The early U-shaped condition of the sinus 
does not long persist. With the formation of 
the left innominate vein as a new transverse 
anastomosis between the right and left an- 
terior cardinals (Figure II-12D), more and 
more blood is shunted to tlie right so tlial the 
right common cardinal progressively increases 
in size, a change indicative of its conversion 
into the superior vena cava (Figure II-30E 
and F). At the same time the left common 
cardinal, toward the heart from the anastomo- 
sis, becomes correspondingly smaller. Where 
it crosses the dorsal wall of the left atrium, 
if it persists in a reduced state into adult life, 
it is kmown as the oblique vein of the left 
alTium or vein of Marshall (Figure II-30F). 
As the blood from its original cephalic drain- 
age area is reduced, the most pro-ximal part 
of the loft common cardinal which lies across 
the dorsal wall of the heart in the atrioven- 
tricular sulcus begins to acquire new tribu- 
taries from the heart itself. When this has 
occurred, wo may well call it by its adult 
name, coronary sinus (Figure II-30E and F)- 
Tlie original left horn of the sinus venosus, in 
this process, becomes greatly reduced in rela- 
tive size and what remains of it merges with 
the proximal part of the loft common cardinal 
vein in the formation of the enronarx’ sinus 
(Figure II-30F). 

While the right common cardinal vein has 
thus been relatively increased by the innomi- 
nate shunt to form the superior vena cava, the 
inferior cava has increased even more strik- 
ingly in size. Tlic rerouting of systemic (Fig- 
ure 11-12) and port.al and placental venmis 
returns (Figure 11-13) through the liver to 
converge in the inferior vena cava is, as we 
have seen, the underlying reason for tliis rela- 
tively tremendous growth. The inevitable re- 
sult of the increase in blood volume returning 
through the two venae cavae is the marked 
relative enlargement of the original right hem 
of the sinus venosus to form the sinus tc- 
naruni (Figure II-30F). 

As both the riglit horn of the sinus venosus 
and the right atrium grow in size, the external 


boundaries between the two regions become 
progressively less conspicuous. Mesially the 
border of sinus territory’ comes to merge with 
the external depression opposite the inter- 
atrial septa; on the right a shallow groove, 
knoxxm as the sulcus fCTTuinuIis, marks its 
boundaries. The extent to which the old 
boundaries become thus inconspicuous has lc<l 
to the not-too-accurale statement that “the 
sinus venosus is absorbed into the dorsal wall 
of the right atrium.” 

Internally, in young hearts, the opening of 
the sinus venosus into the right atrium is 
flanked by a pair of well dex'elopcd x’alvcs, 
the valvulac venosac (Figure 11-16). At the 
cephalic end of the sinus orifice the two valves 
merge into a flange-like structure which pro- 
jects deep into the right atrium from its dorso- 
ceplialic w'all. This structure is known as the 
septum spuritim because, although it is very 
prominent in the hearts of two- to three- 
month-old fetuses, it later undergoes regres- 
sion without playing any part in the partition- 
ing of the right and left atrial chambers. Its 
reduction is accomplished by a rcsorptive 
process starling simultaneously in many areas, 
so that when it is partially reduced it is likely 
to have a lace-like appearance. The anomalous 
meshwork of strands sometimes are found in 
adult hearts attached along the crista ter- 
minalis and the margins of the custachian and 
thebesian valves, named “Chiari’s net” (Fig- 
ures VI-2-1 and 25), represents vestiges of the 
right valvula venosa and its continuation as 
the septum spurium, which have persisted 
when tlie process of resorption by wliicli they 
arc normally molded has remained incom- 
plete. 

Concurrently with the blending of the 
light sinus horn into the doTs.d wall of the 
right atrium externally, there arc even more 
striking changes internally. The progressive 
rcsoqition of the x'alvulac vi'nosae and the 
septum spurium and the partial incorporation 
of the sinus into the expanding right atrium 
gradually result In the superior and inferior 
caxxic and the coronarj’ sinus all opening inde- 
pendently (Figures 11-19 and 11-20). Tlic re- 
duced septum spurium is umv represented 
only by the crista tcrminalis and the much re- 
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duced remains of the right venous valve are 
converted into the highly variable eustachian 
valve of the inferior vena cava and thebesian 
valve of the coronary sinus. The frequency 
with which small perforations appear in both 
these valves is indicative of the nature of the 
resorptive process by which the redundant 
young valvuiae venosae are, so to speak, “cut 
down to size.“ 


Although not usually conspicuous, lace-like 
remnants of the lower part of the reduced 
left venous valve will occasionally be seen in 
adult hearts lying closely adherent to septum 
If near the caval inlet and sometimes extend- 
ing across the limbus fossae ovalis to adhere 
to tlie valvula foraminis ovalis (Figure VI- 
26). 


PERICARDIAL RELATIONS 


The pericardial, pleural, and peritoneal cav- 
ities of the adult develop as subdivisions of 
the coelom of the embryo. The embryonic 
coelomic cavities are primarily paired, arising 
on each side of the midline by splitting of the 
lateral plate of mesoderm into an outer (so- 
matic) layer and an inner (splanchnic) layer, 
with the coelom between. The part of the 
coelom which is destined to be segregated as 
the pericardial cavity appears very early in 
development (Figures II-l and II-2). At the 
time the cardiac primordia take shape, the 
original paired condition of the coelom in the 
pericardial region still persists ( Figure n*3A 
and B ) . As the young tubular heart is molded, 
the splanchnic mesodermal layers which form 
its epimyocardium meet in the midventral line 
to complete the investment of the endocardial 
primordia. Where they come in contact with 
each other beneath the heart, they immedi- 
ately break through so that the originally sep- 
arate riglit and left coelomic chambers be- 
come confluent ventral to the heart (Figure 
II-3C). For a time the newly established 
tubular heart is suspended beneath the phar- 
ynx by a double layer of splanchnic meso- 
derm, known as the dorsal mesocardium, 
which continues to separate the original 
coelomic chambers dorsally (Figures 11-30 
and D, and II-SIA). As the cardiac tube 
lengthens and begins to bend (Figure II-4), 
the dorsal mesocardium breaks through and 
leaves the heart suspended by its two ends in 
tlje pericardial portion of the coelom. Cau* 
dally the pericardial chamber still communi- 
cates on either side wth the rest of the coelom 
{Figure II-7) by way of the pleuropericardial 
canals (Figure II-31A and B). With the clo- 


sure of these canals, the pericardial chamber 
is established as an isolated cavity (Figure 
n-31C through E). 

In the light of the foregoing events, it 
should be apparent that the outermost layer 
of the heart has remained directly continuous 
with the lining of the pericardial chamber at 
txvo points: (1) where the truncus arteriosus 
is attached beneath the pharynx and (2) 
where the sinus venosus is suspended by a 
persisting part of the dorsal mesocardium at 
the caudal end of the pericardial chamber 
(Figures 11-7 and II-SIB and C). In other 
words, it is at these two areas that the epl* 
cardium (cfrccwl pericardium) is continuous 
with the parietal pericardium. Tlie changes 
which take place as development progresses 
beyond this basic condition are the obvious 
ones entailed by the division of the truncus 
into aorta and pulmonary trunk, and by in- 
crease in the number of separate venous ori- 
fices as the sinus venosus is incorporated into 
the dorsal wall of the right atrium and the 
pulmonary veins are formed. 

The changes which occur at the truncus are 
so simple that they call for no comment. Tlie 
changes in the pericardial reflections at the 
sinus end of the heart can best be understood 
by comparing the diagrammatic plots of Fig- 
ure 1I-3Z 'vith the dorsal views of removed 
hearts draum to show the de^’cJopmcnt of the 
sinus venosus (Figure 11-30). In these draw- 
ings the cut edges of the pericardium are 
shown where they were reflected from tlie 
parietal walls of the pericardial cavity to be- 
come the epicardial (risceral pericardial) 
layer of the heart. In Figure 11-31 the heaN’y’ 
black lines about the appropriately colored 
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vascular orifices represent the same reflec- 
tions, as they would appear on the dorsal wall 
of tlie pericardial cavity from which the 
heart has been removed. As the sinus veno- 
sus is incorporated into the growing right 
atrium, the originally single orifice (Figure 
11-31 A) is replaced by separate orifices for 
tixe superior and inferior venae cavae ( Figure 
II-31B through D). At the same time the left 
common cardinal vein (future coronary’ sinus) 
acquires its own opening into the heart (Fig- 
ure II-31C) and the fold of mesocardium 
which surrounded it at early stages (Figure 
II-30D) disappears, as the coronary’ sinus be- 
comes closely applied to the heart wall (Fig- 
ure II-30E and F). 

WHiile these changes have been going on 
in the main vessels entering the sinus venosus, 
the piihnonarj/ uein? have been taking shape 
Tlie primary venous ple.xus which is organ- 
ized in connection unth the growing lung-buds 
originally drains into channels which connect 
with the anterior cardinal veins. Gradually, 
however, there is developed a new medial 
collecting eliannel that enters the atrial region 
dorsally. This channel, at first a single median 
vein collecting blood by a tributary' vein from 
each lung, roaches the left atrium by passing 
between the reflected pericardial layers which 
represent persisting portions of the dorsal 
mesocardium (Figures U-30D and U-31D). 
As the heart grows, the single median por- 
tion of the pulmonary venous channels is in- 
corporated into the atria] wall so that its main 
right and left tributaries come to empty by 
two sepanite orifievs (Figures II-30E and II- 
31C). As the right and left orificx*.s bcc«>mc 
progressively more widelv scp.vralcd from 
each other, the mesocardial fold enclosing 
them is pnllerl out transversely (Figure H* 


31C and D). Ulb’mately this process of elimi- 
nating the proximal portions of the pulmonary 
veins continues until it involves the first main 
bifurcation on the right and on the left, so 
that there come to be hvo right and Uvo left 
pulmonary’ vein orifices (Figure II-31E). 

Tlie changes in the manner of entrance of 
the pulmonary' veins just dcscriberl leave a 
transversely placed reflection of the pericar- 
dium uith a caudal extension on the left en- 
closing the txvo left pulmonary’ veins, and a 
longer caudal e.vtension on the right enclos- 
ing the two right pulmonary veins and the 
inferior vena cava. The bay-like pericardial 
space so bounded is kmown ns the oblique 
sinus (Figures II-31E and IH-6). Concur- 
rently' the transverse sinus is being delimited. 
Wlien Uie midportion of the dorsal mesocar- 
dium is resorbed, the two sides of the peri- 
cardial cavity are placed in open communica- 
tion dorsal to the heart (Figures II-7 and 
n-31B). This communication is the transverse 
sinus in primordial form. As development pro- 
gresses, the cardiac lube is bent into a tight 
loop and its receiving and discharging ends 
are brought relatively closer together. In this 
process the original pericardial crimmunic-alion 
dorsal to the licart is narrowed and its caud.tl 
boundary' is remolded by the cliangcs which 
we have just been following in the sinus re- 
gion (Figures 11-30 and 11-31). These changes, 
however, merely alter the detallcti configura- 
tion of the transverse sinus and in no way 
change its original essential relations as a com- 
munication from one side of the pericardial 
cavity to the other, dorsal to the heart. It is, 
of course, this relationship which pkiccs it in 
sharp contrast with the oblique sinus which 
is essentially a bay’, or pocket, ending blindly 
behind the heart (Figiire.s II-31E and III-6}. 


N'ESSELS AND NERVES OF THE HEART 


Tlie Coronary Circulation. Tlie origin of 
the main coron.iry \eins has been considered 
in ctmuecUun w ith the fonnation of the coro- 
jun sums into u Inch they drain. Tlie wronary 
arteries arise from the aorta during the ses'cntli 
week, shortly after it has been paititiomni off 
in the division of the fninctis arteriosus. Care- 


ful study of serial .sections is necessary to 
identify the newly formc*d coronary jirteries 
for they arc very’ small when they first appear 
in embryos of l-l- to 15-inm. crowii'nnnp 
length, and their tielicate endothelial lining 
is easily missetl iu the hmse young coimective 
tissue which tlicy traverse in their origin. 
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above the primordial valve pads. Once estab- 
lished, the coronary arteries enlarge quite 
rapidly and it is not difficult to trace their 
course (Figure 11-32). The right coronary 
emerges from the aorta to traverse the groove 
between the pulmonary conus of the right ven- 
tricle and the right auricular appendage, and 
then courses along the coronary sulcus to the 
diaphragmatic surface of the heart, giving off 
at intervals branches which enter the myocar- 
dium. The left coronary artery emerges be- 
tween the base of the pulmonary trunk and 
the left auricular appendage to send its main 
branch along the interventricular sulcus and 
give off a smaller, circumflex branch in the 
left atrioventricular sulcus. 

The smaller branches of tlie coronary ar- 
teries, when they enter the myocardium, break 
up into an extraordinarily rich bed of capil- 
laries investing the developing muscle fibers. 
Most of the blood entering this plexus is re- 
turned by W’ny of the coronary veins. Some 
of the small vessels, how'ever, make connection 
xvith the endothelially-lined spaces among the 
trabeculae. In young hearts, these interfm- 
becular spaces are relatively large. As the 
trabeculae become more robust, the spaces are 
greatly reduced so that, in the deeper parts 
of the myocardium, they come to be of about 
the order of magnitude o£ sinusoids. When 
this has occurred, it becomes virtually im- 
possible, in sections, to tell which small endo- 
thelially-lined space was derived from the in- 
growth of sprouts from the invading coronary 
vessels, and which was derived by reduction 
of the original intertrabecular spaces. The so- 
called venae minimne cordis, the orifices of 
which can be found to open at many places 
into the cardiac cavities, really represent re- 
duced intertrabecular spaces communicating 
with the maze of endothelially-lined crevices 
of similar origin which, in turn, receive blood 
from connections witli the coronary circula- 
tion. Only by a realization of the nature of 
this unorthodox vascular relationship can one 
acquire an understanding of some of the ab- 
normalities encountered in the coronary cir- 
culation. Particularly is this the case in 
communications such as those sometimes seen 
in an aberrant coronary (or coronary branch) 


which enlarges one of its primary connections, 
with the intertrabecular spaces of one of the 
ventricles, usually the right. Sizable channels 
of this type have been misdescribed as “aneu- 
rysms” originating in an aortic sinus and ex- 
tending through the myocardium to emerge in 
the pulmonary cone of the right ventricle. 

The Nerves to the Heart. From the func- 
tional standpoint, the details of the nerve 
supply of even the adult heart are still inade- 
quately known. Its double innervation from 
sympathetic and parasympathetic sources is, 
of course, quite familiar, together with the 
antagonistic accelerator and depressor effects 
of these two sets of nerves on heart rate. 
But as they approach the heart, sympathetic 
and parasympathetic fibers become intri- 
cately mixed in the so-called cardiac plexus, 
and the terminal distribution of fibers \vithin 
tlie heart itself and their precise functions still 
offer challenging problems. Even less satis- 
factory is our knou'Jedge of the embryologic 
development of these two categories of nerves 
supplying the heart We do, however, have 
some basic data as a starting point (Streeter, 
1912; Shaner, 1930; Licata, 1954). The para- 
sympathetic fibers from the vagus are easier 
to follow in early stages than are the sympa- 
thetic fibers. The primordial ganglionic cell 
cluster of the vagus becomes recognizable as 
a vaguely defined mass of neuroblasts of neu- 
ral crest origin early in the fourth week. In 
the fifth week the jugular ganglion and the 
nodose ganglion with its component of neuro- 
blasts of'epibranchial origin are clearly recog- 
nizable. By the sixth week, growing motor 
nerve fibers from neuroblasts within the brain 
stem, and sensory fibers from neuroblasts in 
the ganglia have extended to form a strongl)’ 
developed visceral branch of the vagus nerve 
following along each side of the trachea and 
esophagus. Among these groxving nerve fibers 
are many cells, some of which are destined to 
be ncurilemma-sbeath cells; others, ^vhich arc 
neurobJasts migrating along tlie developing 
nerve, arc destined to form ultimately the ter- 
minal ganglion cells that give rise to tlie 
second-order neurons of tlie two-neuron para- 
sympathetic efferent chain. At cardiac level, 
delicate branches turn off and follow along 
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the developing aortic and pulmonary trunks 
toward the main mass of the heart. In these 
branches, also, are many migrating neuro- 
blasts along Avitli the growing nerve fibers. By 
the seventh week the main vagal branches to 
the developing cardiac plexus are clearly rec- 
ognizable (Figure 11-33). 

The preganglionic sympathetic fibers con- 
cerned in relaying impulses to the postgangli- 
onic fibers which enter the cardiac plexus arise 
from cell bodies, most of which are located 
in the first four thoracic segments of the spinal 
cord. Some arise in the fiftli thoracic segment 
and possibly a few also in the sixth. These 
fibers enter the ganglia of the prevertebral 
sympathetic chain and pass cephalad to one 
of the cervical, or to the first thoracic ganglion. 
There they synapse with the second-order 
(postganglionic) neurons, the fibers of which 
constitute the cardiac nerves. The neuroblasts 
from which these postganglionic fibers are 
formed have come into the chain ganglia from 
the spinal ganglia at corresponding levels. 
These cells travel along the developing spinal 
nerve and the ramus communicans to aggre- 
gate in tlieir characteristic prevertebral loca- 
tions. It is probable that they are joined by 
other neuroblasts which arise in the mantle 
layer of the developing spinal cord and mi- 
grate out along the ventral nerve roots, so that 
the cells from both sources move together 
along the course of the ramus communicans. 
The ganglia of the sympathetic chain which 
originate in this manner do not make their ap- 
pearance as early as the ganglia of the vagus 
nerve, but by the seventh week they are read- 


ily recognizable and the postganglionic fibers 
arising from their neuroblasts have begun to 
mingle with the vagus fibers extending to the 
heart (Figure 11-33). Thus, before the end of 
die second month it is possible to recognize 
quite clearly both the sympathetic and para- 
sympathetic components of the cardiac plexus. 

It IS quite probable that better technical 
methods will permit us to recognize migrating 
neuroblasts moving into the cardiac region 
somewhat earlier than they have been demon- 
strated by the studies at present available. It 
seems unlikely, however, that even the well- 
organized fibrocellular strands, whicli we can 
readily recognize as developing nerves by our 
present routine staining methods, have as yet 
begun to function in the transmission of im- 
pulses. It is liigbly significant that, in forms 
which can be secured for study under experi- 
mental conditions, the pulsation of the heart 
has commenced and the blood has been effec- 
tively set in motion in the embryonic circula- 
tion, long before even the first neuroblasts 
from the vagus can be seen moving out to- 
ward the tenitory in wliich they later take 
part in the formation of the cardiac plexus. 
Tills fact, taken in conjunction with the au- 
tonomous rhythm maintained by excised em- 
bryonic hearts, leaves no room to doubt the 
primary myogenic character of the embiy'Onic 
heart beat. We would seem fully justified in 
concluding that when the nerves grow in and 
make connections witli the heart that is al- 
ready beating, their effect is limited to a sec- 
ondarily superimposed regulation of its rate 
of pulsation. 


THE SINOVENTRICULAR CONDUCTION SYSTEM 

Some of the experimental work which has (Patten and Kramer, 1933; Armstrong, 1935; 
been done on the initiation of the beat and Goss, 1938, 1940, 1942; Copenhaver, 1945; Pat- 
its propagation in young embryonic hearts ten, 2949, 1956) provides the best possible 


*— Figure 11-32 Photomicrographs showing early steps in the establishing of the coronary arteries. A. Sec- 
tion of heart of 14 8-mm. embryo passing through the aortic outlet. Photo, X35, from human embT >'0 EfI 314. 
B Section of aortic outlet of 19-mm. embryo. X60 from EH 358. Tlie plane of cutting is unusually fortu- 
nate in showing both coron.arj' orifices in the s.ime section. C. Section of aortic outlet and part of wall of left 
ventricle of 31.5.mm. embryo. X60 from EH 3T7. 

(All embryos from the University of Michigan Embryological Collection. Tlie collaboration of Dr. Richard 
Licata in the preparation of this illustration is gratefully acknowledged ) 

Abbreviations: ADR, anterior descending branch of left coronary artery; EB, br.inch of coron.ary artery 
turning to course superficially in the epicartlium; MB, brunch of coronary artery entering the myocardium, 
LCA, left coronary artery; RCA, right coronary artery; SV, primordial semilunar valves of aort.i. 
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Ffgiirc 11-33 The autonomic nervous s>stnn of a human emboo (16 mm.) of the seventh 
week (From Patten. llu?iuin Embryoloev. rctlrawn after Streeter, courtesy of The Blalcls- 
ton Co.) 


basis for understanding the so-called sino- 
ventricular conduction system of live adult 
heart. In disatssing the formation of the pri- 
maiy tubular embryonic Iicart, it was empha- 
si/cd that the \-ariotis regions were formctl in 
ccpbalo-caudal sctjtiencc, as the closing of the 
foregut i)cnnitte<l the paired cardiac pri* 
mordia to meet in the midline. Thus the first 
part of tlie heart to be formed is the conoven- 
tricular portion. Tliis is followed by the for- 
mation of the alriurn and, last of all, by the 
establishing of the sinus venosus. 

Contractile activity Wgins to imolvc the 
cardiac regions in the same sequence* in which 


they are formed. Tlio first contractions appear 
in the csmovcntricular myocardium, before 
fusion of the paired primordia is completed 
in the atrium, and while the sinus venosus is 
represented only by endoairdial primortlia 
which are still widely separated fnnn i*ach 
other and which are entirely devoid of myo- 
cardial covering. Tlio initial rate of pulsation 
in the primitive s’cnlricle is relatively slow. 
^\^len fusion of the cardiac primordia has ex- 
tended caud.id to esf.iblish the atrium and tin's 
part of the cardiac tube begins to pulsate, the 
rale for the entire heart is increasi-d. Tran.sect- 
inC the Inciting heart clearly demonstrates 
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which part of the heart is dominant in the 
control of its rate (Patten and Kramer, 1933; 
Paff, 1936). In such experiments, the isolated 
atrium continues to beat at essentially the 
rate exhibited by the entire heart before it W'as 
cut. The isolated ventricular part drops down 
to a much slower rate, approximating that 
characteristic for the early phases of devdop- 
ment when the ventricle was the only part of 
the heart beating (Figure 11-34). Similar cut- 
ting experiments carried out at a later stage, 
after fusion of tlie cardiac primordia has es- 
tablished the sinus venosus caudal to the atri- 
um, show that sinus myocardium has a faster 
rate than atrial myocardium. The picture pre- 
sented by three isolated segments, cut from 
the same tubular heart, each beating at its 
own characteristic rate, is most dramatic ( Fig- 
ure 11-35). It means that there is a gradient 
in the contraction rate of the myocardial pri- 
mordia, with the intrinsic rate of pulsation 
becoming progressively higher as the myo- 
cardial samples are excised from the more and 
more caudal parts of the cardiac tube. During 
development, then, there is not “a" pacemaker 


in the heart but rather a succession of pace- 
making zones, new areas that are added be- 
hind the ones already established show a pro- 
gressively faster inherent rhythm and assume, 
in turn, domination of the slower-beating re- 
gions previously laid down. Thus the slower 
rate of beating of the ventricle is accelerated 
when faster-beating atrial tissue is added 
behind it, setting the pace for atrioventricular 
contraction waves. When, a little later, the 
still-faster-beating sinus venosus is added be- 
hind the atrium, it assumes the pacemaking 
function and sino-atrio-ventricular contraction 
waves are established. In this manner, as the 
cardiac tube itself differentiates, it is traversed 
by peristaltoid contraction waves initiated in 
xvbat is, at tlie moment, its most caudal part. 
Since this most caudal part is at the same time 
the blood-receiving end of the heart, it would 
be difficult to postulate a more simple and 
efficient means of propelling blood through a 
pump that is still valveless. 

By zigzag cutting experiments, it is possible 
to demonstrate that the entire embryonic 
myocardium at these early stages is effective 




Figure JI-3-t. Diagrams showing tlie locations of cuts made in li\ing hearts of young embiyos. A. Embr>os 
of 10-12 somites. At this stage only the ventricle is pulsating, and cutting it away from the nonaclnc atnuni 
has no appreciable effect on its rate. B. Embryos of 13-15 scnnites. By this stage tlie atnum lias hcgtin to 
pulsate, and in the intact heart acts as a pacemaker. Transection between atrium and s cntricle show s the atrium 
maintaining essentially the rate of the intact heart, whereas the s-entncle drops hack to approximately the same 
slow rate it exhibited before the atnum became active and drove llie ventricle at its own faster rate. (From 
Patten. Unh. Michigan Med. Bu/t., 32;t-2t, 1956 ) 
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Figure II-3.5. Diagrams sho\^ing the location of cuts made in the hnng heart of a 4-day cliicl. cmhr>D to 
demonstrate the relative pulsation rates of tlie m>ocardium from different regions, A. Cuts for the rcmosul of 
the heart. B. Cuts to separate sinus, atrium, and ventricle. C. Tlie parts of the heart as isolateil. The rates 
indicated ate repteseotative of tlie findings in such experiments lather than specific for any particular case. 

(From Patten, Unit, of Michiean Med. Bull., 22:1’21, 1058.) 


in propagating the beat from the faster- to the 
slower-beating parts of the heart Moreover, 
it is even possible, by carefully planned plac- 
ing of interdigitaling cuts, to make the im- 
pulses travel through muscle areas in a radi- 
cally different direction from that which they 
normally traverse (Figure 11-36). Such ex- 
periments vividly emphasize the conductive 
capacity of embryonic cardiac muscle and 
make it seem only natural that certain retained 
and modified tracts of it come to serve as the 
path of propagation of beats in adult hearts. 
In this connection it may be noted that, by 
employing adequate amplification, it is pos- 
sible to secure electrocardiographic records 
from embryonic hearts still in the primitive 
tubular stage (Hoff, Kramer, DuBois and Pat- 
ten, 1939). Tlicsc tracings change progres- 
sively in character as the cardiac tube is 
lenglhenwl. Well before the sinovenlriciilar 
conduction system has been histologically dif- 
ferentiated. the cmbiyomc myocardium yields 
polypliasic tracings essentially similar to those 
characteristic of the adult Iieart. 

Tlie details of the steps by wliich the sino- 
venlricular conduction system is difFercnliatcd 
arc far from adetpiatcly known. Certain of 
the major jviints, however, seem reasonably 
clear (Sliaiier, 1929, Walls, 1917; Patten. 


1956). In discussing tlie formation of the 
fibrous rings of the aliios’cntricular orifices, 
it was pointed out that originally the atrial 
myocardium and the ventricular myocardium 
are broadly continuous tliroughout the entire 
circumference of the atrioventricular constric- 
tion (Figure II-29A through C). Gradually 
the epicardial and endocardial connective tis- 
sues encroach on the myocardium at the atrio- 
ventricular sulctis and ultimately inlerrupt the 
broad connection between atrial and ventric- 
ular muscle (Figure II-37A through C). Tlie 
separation is rapidly complctctl peripherally 
around the sulcus, but there persists a con- 
necting fascicle of muscle libers from the 
dorsomedial port of the floor of the right atri- 
um (Figure 111-26), penetrating the fibrous 
base of the heart (Figure 111-19) and extend- 
ing along the crest of the priman' muscular 
portion of the intcrx’cntricular septum ( Figure 
III-22). Tliis is the nirioccntricular htitullc 
(bundle of Ills), Like the young cardiac 
muscle from which it arises, it retains its ci- 
pacily for transmitting the impulse to contract 
and ultimately becomes one of the critically 
important parts of the sinovontricular condii<> 
lion sj'sfein of the adult Iiearf. 

Tracxrl into the ventriail.ir mjocardiiim. 
the main atrioventricular Imndlc bifurcates 
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and sends branches, the right and left bundle 
branches (Figures III-26 and III-27), along 
the septal \valls of the two ventricles. TTiese 
branches recurve in the lateral walls of ven- 
tricles and break up into richly branching 
strands of atypical cardiac muscle (the Piir- 


kinje fibers, Figure III-28) which lie close be- 
neath the ventricular endocardium. If one 
recalls the manner in which the ventricles of 
the embryonic heart grow, in effect balloon- 
ing out on either side of the interventricular 
septum, one may regard the atrioventricular 




A+rium Truncus 




Figi’re 11-36. Culling expenments illusiraling the comlucHve properties of einbr>onic c.ircli.sc mii'cle. Tin* 
excised hearts were kept alive at body temperature in ox>'genaled Locke-Lexvis solution for study and inlcro- 
moving-picture recording of their action before and after experimental incisions. 

A. Ventral view of heart removed from three and one-haU day cliick embrjo. The arrows show the 
general direction in which the wave of contraction traversed the heart before the cuts were m.idc. 

B. Same heart diagrammed in A after making cuts in the locations there ifKlicat«l. Note especially that 
the placing of the cuts is such that in the part of the ventricle VA'' the bc.it is propagalcxl In practically tlic 
reverse of its normal direction. 

C. Dorsal view of heart removeil from fonr-clay chick. 

D. Four-day heart with "artiRcial conduction Inindle” made by culling away the Ihsuc in the rcEionv 
indicated by diagonal hatcliing in C. Note that the artificial bundle was made by leaving a strand of muscle 
in the ventral part of the heart wall in a region as hr as possible from fh.it in which the His hundle I.Ucr .ap- 
pears. The asterisk on the cut surface indicates the region where the Hiv bundle would have been dilTcrcnli.iUxl 

at a considerably lalcr period of development. 



Septum I 
{VqWuIo F.O.) 


Miiroi onnulus 
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bundle and its right and left brandies and 
their ramifications as representing a sort of 
primary core of embryonic cardiac muscle. 
The bundle is all that remains of the original 
extensive connection between atrium and ven- 
tricle, and the branches and their terminal 
ramifications are, so to speak, dragged out 
along the lines of expansion of the ventricular 
chambers. As will be brought out in the next 
chapter (Chapter III), all the parts of the 
sinoventricular conduction system are essen- 
tially cardiac muscle, although each part of 
the system has its own peculiar histologic 
characteristics. 

The remaining parts of the sinoventricular 
conduction system are the sinoatrial and atrio- 
ventricular nodes. In the adult heart the sino- 
atrial node lies in the shallow sulcus where 
the inferior vena cava enters the right atrium 
(Figure 111-125). In the formation of this re- 
gion a considerable portion of the right horn 
of the sinus venosus has been incorporated in 
the dorsal wall of the nght atrium, so that the 
sinoatrial node represents myocardium which 
ivas originally associated ivith the sinus horn. 
This is the most caudal part of the myocar- 
dial primordium and, in accordance with the 
cephalocaudal gradient in contraction rate, it 
is the most rapidly pulsating. It is therefore 
quite logical that, once it has been established, 
Nve should hud it retatmug \ts dom\n?knce over 
the contraction rate of the heart as a whole 
and becoming its adult pacemaking center. 

Tlie steps in the formation of the atrioven- 
tricular node are less well known and can be 
outlined only tentatively on the basis of pres- 
ent information. It seems probable, Jiowever, 


that it should be regarded as starting its de- 
velopment as the counterpart, on the left sinus 
hra’n, of the sinoatrial node on the right. 
Young embryonic hearts appear to have, for 
a lime, bilaterally symmetrical paceioaking 
areas located, one on either side, where the 
common cardinal veins enter the horns of the 
sinus venosus. Some adult reptilian hearts, 
moreover, appear to have retained this condi- 
tion of paired sinus pacemakers. It will be 
recalled that with the shifting of the sinus 
venosus to the right, the left common cardinal 
is pulled far to the right (Figure II-30D 
through F). Thus, myocardial tissue, Origin- 
ally lying at the junction of the left common 
cardinal vein with the left sinus horn, could 
well be carried along with the positional 
changes involved in the conversion of left 
common cardinal and left sinus horn into the 
coronary sinus (Figure 11-38). Tlie adult 
location of the atrioventricular node in the 
floor of the right atrium close to the inlet of 
the coronary sinus (Figure III-25) is con- 
sistent with this tentative interpretation of its 
developmental history. This concept of the 
two nodes as originally symmetrical structures 
may also make it easier to understand why 
all the many careful attempts to trace con- 
nections from the sinoatrial to the atrioven- 
tricular node have so far proved unsuccessful. 

bow ibe coutractile impv\Ue passes from 
the sinoatrial to atrioventricular nodes, and 
how the sinoatrial node came to take over 
the dominant role in the paccmakmg function 
from its original partner, are some of the most 
challenging unsolved problems in basic car- 
diac physiology at the present time. 


THE CHANGES IN CIRCULATION FOLLOWING BIRTH 


All the steps in the partitioning of the em- 
bryonic heart lead gradually toward the final 
adult condition in which the heart is com- 
pletely divided into right and left sides. Yet, 
from the nature of its living conditions, it is 
not possible for the fetus in ufero fully to at- 
tain the adult t>T)e of circulation. Tlie plan of 
the completely divided circulation is predi- 
cated on lung-breathing. In the adult the 
right side of the heart recei\’es the blood re- 


turning from a circuit of the body and pumps 
it to the lungs where it is relieved of carbon 
dioxide and acquires a fresh supply of ox\’- 
gen. The left side of the heart receives the 
blood that has just passed through the lungs 
and pumps it again through ramifying chan- 
nels to all the tissues of the body. In the 
fetus the function of respiration is carried out 
in the placenta, by interchange with tlie 
maternal blood circulating through the uterus. 
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atrial node t Tmin Fatten, Cnir Mlchifian \teil. Hull., 22 1-21, 1D>0. ) 


lilt* limos, although they arc fully formed 
and ready to function in the last two montlis 
of fetal life, cannttt actually begin their work 
until after birth. Tlie radic-al change, which 
must inevitably take place immediately fol- 
lowing birth, ill the manner in which liie 
bliMxl is o\\genated has led to a widespread 
lielief that there imist Ik? revohitionarv 


changes throughout the cardios-asailar system. 
It is true, as we shall see directly, that there 
are radical changes in the volume of blood 
passing through the vt'ssels supplying such 
organs as the lungs and the kidness. IIow- 
cs'tT. as the cmbiyol<»g>' of the cirenkitorj' 
system has been stiidietl more closely from a 
functional angle, it is l)ecoming increasingly 
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clear that the heart itself develops in such a 
manner that the pumping load on its different 
parts always remains nicely balanced during 
the changes in vascular pattern that occur 
during fetal life. Moreover, the very mechan- 
isms which maintain this intracardiac balance 
during prenatal life are perfectly adapted to 
insure the transition to postnatal conditions 
without the sudden overloading of any of the 
cardiac chambers. 

Course and Balance of Blood Flow in the 
Fetal Heart. To understand the changes in 
circulation which are so smoothly accom- 
plished at the time of birth, it is necessary to 
keep in mind liow the way for them has been 
prepared during intra-iiterine life. In the 
foregoing account of the development of the 
interatrial septal complex, it was emphasized 
that at no time were the atria completely 
separated from each other. One will recall a 
succession of three morphologically distinct 
interatrial communications: the first, inferim 
to septum primum; the second, in septum 
primum, and the final one, the foramen ovale 
in septum secundum. This permits the left 
atrium, throughout prenatal life, to receive 
a contribution of blood from the inferior cava 
and the right atrium by a transseptal flow 
which compensates for the relatively small 
amount of blood entering the left atrium of the 
young embryo by way of the pulmonary cir- 
cuit, and thereby maintains an approximate 
balance of intake into the right and left sides 
of the heart. 

Tlie precise manner in ivbicli this trans- 
septal flow occurs, and where and to what 
extent the various blood streams of tbe fetal 
circulation are mixed within the heart, have 
long been subject to controversy. Most of the 
early conclusions were based on such circum- 
stantial evidence as dimensions of orifices 
and positions of septa and valves. Tlie critical 
factors of pressure and volume of flow have 
remained largel}’ a matter of inference, pend- 
ing the working out of the technically diffi- 
cult problems incident to handling living 
fetuses by metiiods whicli would not unduly 
distort their normal physiologic activities. Hie 
brilliant work of Sir Joseph Barcroft and his 
colleagues (1941) went far toward putting 


some of tliese old controversies in proper 
perspective. Working with fetal lambs, their 
first approach was through the quantitative 
analysis of blood samples drawn from various 
critical parts of the circulation. Die oxygen 
concentration of such samples gives import- 
ant evidence as to the mixing of the currents 
that actually takes place in tbe living heart. 
Later work, involving the collaboration of 
Barclay, Franklin and Prichard (1944) uti- 
lized serial x-ray photography following in- 
jection of opaque material into the blood 
stream at various points. This method gave 
further evidence regarding the course fol- 
lowed by some of the important blood cur- 
rents. 

Later (1949, 1954), Wegelius and Lind, 
working in Stockholm, successfully applied 
angiocardiographic techniques to the study 
of living human fetuses. By using electronic 
intensification, they were able to obtain a 
sufficiently brilliant image on the fluoroscopic 
screen to permit its being photographically 
recorded on motion-picture film. Such records 
have furnished us with exceedingly valuable 
evidence as to the relative volume of the 
major circulatory arcs in the fetus. By carry- 
ing out similar observations on the newborn 
just before and just after the beginning of 
respiration, equally records have been 
secured showing the changes in the pulmo- 
nary and in the renal circulation at the time 
of birth 

Die lesults of these studies hy newer meth- 
ods have forced tlie revision of some of tlie 
inferences earlier workers had made from the 
observation of structural conditions in fixed 
material. For example, injections of the fct.il 
blood vessels in the last trimester of preg- 
nancj% followed by making of corrosion prepa- 
rations, show the vessels of the lungs to be 
strikingly well developed (Figure II-40A). 
As I haTC emphasized in my own earlier pub- 
lications, it is natural to infer from such 
studies that these vessels might be expected 
to carrx', in life, a blood volume consonant 
with their size as seen in injected specimens. 
But angiocardiographic studies of living fe- 
tuses, mA-idc by injecting contrast medium 
through the umbilical vein, show the vessels 
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Rg'irr 11-3^ Diacrammatic plan of fclal cfmitatloi* |u»t before birth. (From Pattm. FowncfiTrioni of Emfcry* 
olop/, cmirlP'> of the McCraw-IIill Bool Compan).) 
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to the lungs carrying a less active circulation 
than their size would lead one to anticipate 
(Figure 11-41). In marked contrast to su<di 
venous injections is the picture obtained by 
retrograde injections through the umbilical 
arteries. In these injections the pressure is 
raised above normal levels in order to force 
the contrast medium against aortic flow. When 
this is done, the angiocardiograms show the 
blood going into the pulmonary vessels with 
the conspicuousness one would expect from 
the study of preparations made by injection' 
corrosion techniques (cf. Figures II-40A and 
H-40B). Such retrograde injections clearly 
confirm the findings in morphologic studies 
which showed that long before birth the pul- 
monary vessels are well formed and of gener- 
ous size. It is equally apparent, however, that 
under normal intrauterine conditions these 


vessels are carrying a minute-volume of blood 
far below their potential capacity. This condi- 
tion could be influenced by mechanical factors 
such as compression of spirally arranged arter- 
ies in the uninflated lungs, as maintained by 
Reynolds (1956), or by peripheral resistance 
to blood flow offered by the somewhat col- 
lapsed capillary bed of the uninflated lung. 
Tlie sluggish flow through the pulmonary ves- 
sels could, to some extent, also be the result 
of vasoconstriction maintained by the small 
arteries and arterioles of the lungs prior to the 
initiation of respiratory activit)'. It seems not 
unlikely that all of these factors are involved. 
That the restriction of prenatal pulmonary 
flow is not caused solely by the mechanical 
compression of the capillaries is suggested by 
conditions in the kidneys. Here, although no 
spiral arterioles are involved and no inflation 



Figure 11-40. A. The arterial system of a hiimaa fetus at about the transition from the 6lh 
to the 7th month of gestation. ( Photograph of a specimen prepared by Dr. O. SanVott of 
^^ien^a by postmortem injection follmsrf by corrosion.) B. Angiocardiogram from a lis-ing 
human fetus early in the 4th month of gestation- (Photograph generously loanetl b>- Dr. Carl 
Wegelms and Dr. John Lind of Stockholm, Sweden.) In tfiis case the injection of the (horotrast 
was 'Tetrograde;" that is, it was made into the umbitical arteries agaiast the normal direction of 
blood flow. Therefore, the pressure under which it reached the oriGces of the renal and the 
pulmonary arteries was definitely abo\ e normal. 
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FiRiire lt*41. A night antcnor oblique anpocjnliosratn from human fetus of the fourth month. (Photograph 
generously laanod by Dr. Car! Wegchtis and Dr. John Lind of StocUioIm, Sweden.) Hic inhxUon of (he 
thorulrast uas made through the umhilicat ^em in such a manner as to disturb the normal coiinie of the 
drculalinn as little as possible. The p.irtictilar exposure hero reproduced was made when the ventricles had 
started to pump the blood out through the aorta and the puImonar>' trunl.. Note that, althougli die ductus 
artenosus Is cle.arly demonstratnl. the area oecupial by the nght lung, well exposed In this stew, as yet shows 
no readily sisible filling of the pulrnonar> arteries. B. Diagrammatic Icj' to aid In the mterprct.xtion of the 
anpocardiognim. 


mechanically changes conditions at the time 
of birth, there is, nevertheless, a similar restric- 
tion of hIo(xl flow prcmitally and a similar 
postnatal increase. In the fetal kidneys, as 
in tlic hmgs, retrograde injections tinder in- 
creased pressure result in prompt filling of 
gcKxl-sizetl vessels. Tlicse findings suggest the 
prolwhle importance of vasomtitor control in 
org.ins not working at high functional Icxcls 
during intrauterine life. Tlic circttmnatal 
changes in renal circulation are less dramatic 
than those in the hmgs hut they arc highly 
significant. One only needs to imagine what 
uould luppen if the fetus \oided urine into 
its amniotic cavity prenafally at tlic same nitc 
tlve nexsltom infant excretes it postnalally. 
Fragmentary' observations seem to indicate 


that the enteric vessels, like the pulmonary 
and the renal vessels, carry a restricted flow 
in the fetus. 

Although, as we have seen, this recent wtirk 
xx-illi living material has forced revision of 
some impressions haswl on structural condi- 
tions. it has given striking exmfirmation to 
other inferences. SynthesiTing the most sig- 
nificant of the information from the study of 
sfnictural conditions with the newer cxi>eri- 
mental cx'iclcnce. the course followed by the 
blood in passing through the fetal heart may 
lie sximmarirt'd sominvhat as follmvs. Tin* 
Inferior caval entrance is so tlirccfetl with 
reference to the fonimen ovale that a consider- 
able portion of its stream p.issi*s diri'ctly into 
tlic left atrium (Figures 11-19, 11-20, 11-39, 
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and 11-43). The resultant simultaneous filling 
of the two atria is clearly shown by angio- 
cardiograms (Figure 11-42). 

It seems probable that the blood entering 
the heart from the inferior vena cava must 
show considerable fluctuation in its oxygen 
concentration. A definite sphincter-action has 
been seen at the origin of the ductus venosus 
from the umbilical vein (Figure 11-39). \Vl)en 
the sphincter is constricted, direct flow from 
the umbilical vein into the ductus venosus is 
retarded and relatively more blood is forced 
to reach the inferior vena cava by way of 
the tortuous route through the hepatic sinus- 
oids. In this passage it must give up consider- 
able oxygen along with food materials. When 
the sphincter is relaxed, blood can pass freely 
through the ductus venosus. Under these 


conditions it would give up relatively little 
oxygen in its rapid passage from placenta to 
heart. There is also another modifying factor. 
The periodic uterine contractions must alter 
the rate at which blood passes through the 
placenta. When the flow from the placenta 
through the umbilical vein and the dnetus 
venosus is strong, it maj’ temporarily hold 
back any blood from entering the circuit by 
way of either the portal vein or the inferior 
caval tributaries (Figure 11-39). For a time, 
under these conditions, the left atrium would 
be charged almost completely with fully oxy- 
genated blood (Whitehead, 1942). Injection 
experiments which involve increasing pressure 
in, or adding volume by way of, the umbilical 
vein create a similar situation. Such condi- 
tion in the living fetus, however, would be 




Figure IM2. A. Left anterior oljliquc angiocardiogram siiowing confroit mctlnmi entering the atna folion'- 
ing an injection tlirongli llie ninbilical vein. (Pliotograph generously loaned by Dr. Carl W'egcliiis and Dr. 
John Lind of StocUiolni, Sweden.) Note especially the simiiltaneons filling of the two atria, imlicating tlie 
way the blood entering fmiti the inferior i-ena cus’a i» divided at the hmbns of the foramen ovale. (St-r 
arrow in Figure 11-20.) B. Diagrammatic key to aid in the interpretation of the angiocanliogram. 
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Figure 11-13. Sclicmalic diagram sho>'ang course of blood through fetal heart just prior to bfrtlu The colors 
s>'mbolizc relatisc degree of os>gcn saturation 

AbbrcMations. Ao. isth., aortic isthmus. Ads hep s.. adsehent hepatic \cin; Duct, art., ductus arteriosus; 
nes’. hep. S'., reschent hepatic sein, Sph , sphincter When (lu$ sphincter is closed, blood from the tiinbilical 
vein Is forced to pass llirough tlie sinusoid.il cliannek of the User, rather than taling the direct route through 
(he ductus srnossis 


but lcmponir>’ uould be counterbalanced 
by periods when the portal and systemic veins 
poured enough blootl into the common clun- 
ncls to load the heart for a time ssHli mixed or 
owgen-depletcd blood. Tlie important thing 
physiologically is the maintenance of the av- 
erage oxygen concentrations of the blood 
at adeqttate levels, rather than the flucliia- 
titms. 

It is also significant that careful measure- 
ments luve shown that the inlcralnat com- 


munication in the heart of the fetus at tenn 
is considerably smaller than the inferior caval 
inicl (Figure IMS). Tliis would mean that 
the portion of the inferior cax-al stream which 
could not pass across to tlie left atrium xx'ould 
eddy baeV and mix with the rest of the lilood 
in the right atrium (Patten, Sommerfield and 
Paff. 1929). Tlie work of fiarcroft and his 
coUaborators and tliat xif W'egeh'us and Lind, 
referred to above, has given experimental con- 
firmation of this conclusion. 
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From the standpoint of smooth postnatal 
circulatory readjustments, the larger the pul- 
monary return becomes during fetal life, the 
less ^vill be the balancing transatrial flow, and 
the less will be the change entailed by tlie 
assumption of lung-breathing. Very early in 
development, before the lungs have been 
formed, the pulmonary return is negligible 
and the flow from the right atrium through 
the interatrial ostium primum constitutes vir- 
tually the entire intake of the left atrium. 
After the ostium primum is closed and while 
tlie lungs are but little developed, flow 
through the interatrial ostium secundum must 
still be the major part of the blood entering 
the left atrium. During the latter part of fetal 


life tlie foramen ovale in septum secundum 
becomes the transseptal route. As the lungs 
grow and the pulmonary circulation increases 
in volume, a progressi^'e!)’ smaller proportion 
of the left atrial intake comes by way of the 
foramen ovale and a progressively larger 
amount is derived from the vessels of the 
growing lungs. 

The balanced atrial intake thus maintained 
implies a balanced ventricular intake, and 
this in turn implies a balanced ventricular 
output. We have seen, not in the heart itself 
but in the close!)' associated great vessels, a 
mechanism which affords an adequate outlet 
from the right ventricle during the period 
when the pulmonary circuit is developing. 
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Figure IMo. Intcnor \ic«s of stale nwdol of Uie Iiuniao lit-art al tcmi. A. Right atrial 
aspect showing foramen ox-ale. B. Lt‘ft atnal aspect showing outlet (functional orifice) of 
foramen ovale into left atrium Note that Uie xalvula foramims oxalls is bound sufBdently 
close to Uic septum so that the functional onfice ts considerably smaller than the oval open- 
ing in septum secundum. (After Patten, Sommcrfield and Paff, Anal, tlec., V'ol. 44. 1029.) 


\\1icn the pulmonar>' arteries are formed 
from the sixth pair of aortic arches, the right 
sixth arch soon loses its original connection 
with the dorsal aorta. On the left, however, a 
portion of the sixth arch persists as a targe 
vessel connecting the pulmonar>’ arter>' with 
the dorsal aorta (Figures 11*9, IMO and II- 
39). Tills vessel, already familiar to us as the 
ductus arteriosus, remains open throughout 
fetal life and acts as a shunt, carrj'ing over 
to the aorta whatever excess of blood the 
vascular bed of the lungs at any partiailar 
phase of its development is not prepared to 
receive from the right ventricle. As has al- 
ready been pointed out. the ductus arteriosus 
<^n be called the “exercising channer <»f the 
right ventricle, liccause it m.ikcs it possible 
for tlic right ventricle to carr>’ its full sh.trc of 
work throughout development and thus be 
prepared for pumping all the blood throiigb 
tlie lungs at the time of birtli. 

Postnatal Circulatory Cbaugcs. llic Iss'o 
most obvious changes which occur in the 
circulation at the time of birth arc the abnipl 
cutting off of the placental blood .stream and 
the immediate assumption by the pulmonary 
fimilation of the fvinclion of »>x>-genat»ng 
Iilood (Figure 11-41). One of the most im- 
pressive things in embryology is the perfect 
preparcdru*ss fur this event which li.is been 
Iiuilt into the vcr>- arclutccturc of the cirnila- 
tor>- sjsfem during its development. Tlie shunt 


at the ductus arteriosus wliich has been one 
of the factors in balancing ventricular loads 
throughout development, and the valvular 
mechanism at the foramen ovale, which has 
at the same time been balancing atrial intakes, 
arc perfectly ad.iptcd to maintain an effec- 
tively balanced pumping load within the 
heart, in spite of the cliangcs in peripheral 
blood routes which occur at the lime of 
birth. 

Tlie opening of the x-asailar bed in the 
lungs is the event of primary functional inter- 
est. There are s-arious factors involved, most 
of which have been suggested in one way or 
,'inolhcr in the disaission of prenatal condi- 
tions. With the beginning of respiration, the 
release of compression and the massaging 
effect of respirator)’ movements facilitate the 
passage of blood through the ptilmonaiy capil- 
lar)' bed. In addition to these ch.inges, ac-- 
cording to Ilcynolds’ conc-cpl, the stmiglitcn- 
ing of spiral arterioles when the lungs arc 
inflated would account for freer flow into the 
capillar)' lied. Although the evidence is still 
fragmenlaiy, it seems probable that vaso- 
motor changes also are involved. Edwards 
(195T) has called attention to the c<msplcu- 
ously lieaxy muscle co.it of the pulmonar)* 
arterioles in fetal lung's. If vas(Ktm$trictioii of 
these xTSScls is. as suspi-cted, a factor In 
restricting prenatal bloo<l flow ihnnjgh the 
lungs, their dilation follmxing birth might 
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well be involved in bringing the pulmonary 
circulation into full activity. Further work is 
necessary before we can be certain of the 
relative importance of tlie various factors in- 
volved, but there can he no doubt regarding 


die primary significance of lowered peripheral 
resistance in the pulmonary circulation. 

The postnatal changes in flow through the 
ductus arteriosus are obviously correlated 
watli the changes in the peripheral circulation 



Figure II-J6. Ihstoiogic changes invoivctj in Ihe dosure of ihe di)ct(i5 artcriowis. A. Phnlomicrograph of 
wail of ductus, from a fetus stillborn at term, specifically stained for elavlin. Note the liTiical appearance of 
the infernal elastic lamina m the lower nght part of the wail and, upper left, the pad-hte (lifctening of the 
intima. In this locally thickened region the clastic lamina is rcplacctl hy exceedingly fine and closely \so\en 
fillers. B. A similar inlini.al pad from the ductus arteriosus of a S-tlay infant. (Prcjiarafion. courtesy of Dr. 
Jesse E. Edwards.) C. Ductus of a 21-<lay infant, in loxv magnification, showing the grosvtli and coalescence 
of the intimal p.ids. D. Similar st'clion at 30 days. The progress of occlusion is clearly indicafixl by inarkcilly 
incre.i'ctl thickness of Intiin.a. E. M’eigert-picrofiichsin preparation of the recently closer! rhietiis of a p/g. 
This spi-cifiL.dly sl.niuxl preparation sIkiws the important part pl.aycrl hy el.istic tissue in Ihe intimal thicken- 
ing winch progressively occludes the ductus. (Parts C-D from SchaeiTer, m Curtis, Ohstcfrics ami Cynecalagy, 
1933, courtesy of \V. B. Saunders Company.) 




FiRiire I!-47. Diagrams showing cliaracteristic postnatal changes in isthmic region of 
aortic arch. A. Fetal condition at full term. The v«sel diameters are ascrages from the 
measurements of the intem-il diameters in 30 hearts. B. Tj'pical configuration three to 
four months after birth. Note enlargement of isthmic portion of the aortic aah which 
accompames reduction of ductus arteriosus. (Slightly mc^iRetl from Patten, Am. Heart 
Vol. 6. 1930.) 


through the lungs. Tlie problem of particular 
interest here is whether the closure of the 
ductus arteriosus forces blood through the 
lungs, or lowering of peripheral resistance In 
the pulmonary circuit causes the shunt 
through the ductus arteriosus to be aban- 
doned. 

It has long been known that the lumen 
of the ductits arteriosus is gradually occluded 
postnalally by an overgrowth of its intimal 
tissue (Schaeffer, 1914; Scammon and Norris, 
1918, Mclka, 1926; jager and Wolicnman. 
1942). Tliis process in the wall of the ductus 
is as characteristic and regular a feature of 
the development of the cirailatory sy’stem as 
the formation of the cardiac septa. Its earliest 
phases begin to be recognizable in the fetus 
as the time of birth approaches, and postnat- 
ally the process continues at an accelerated 
rate, to terminate in complete anatomic occlu- 
sion of the lumen of the ductus about si^ to 
eight weeks after birth. Barclay, Franklin and 
Prichard (1914) Iiave conducted a series of 
experiments on animals delivered by ce- 
sarean section, which indicate that the ductus 
arteriosus closes functionally far sooner than 
it does anatomically. Following birth there 
appt'ars to lx? a wintraction of the circularly 
disposed smooth muscle in its ss'all, promptly 
reducing the floss- of blood through the duc- 
tus. Such a reduction in the shunt frmn the 
pulmonarj- circtiit to the aorta, acting along 


u-ith the newly assumed respiratory activity 
of the lungs themsels'cs, would aid in rais- 
ing the pulmonary cirailation to full func- 
tional level. At the same time, the functional 
closure of the ductus by muscular contraction 
would pave the svay for the ultimate anatomic 
obliteration of its lumen by ovcrgrowlli of 
intimal connective tissue (Figure II-IO). This 
concept of the immediate closure of the duc- 
tus by muscular action is so appealing on 
theoretical grounds that a little extra caution 
in cs-aluating the evidence is indicated. It 
should be home in mind that an initial tend- 
encs- on the part of the circrjlar smootfi mus- 
cle of the ductus to contract does not neces- 
sarily imply a contraction sufficiently strong 
and steadily maintained to shut off all blood 
flow during the sit to eight weeks required 
for morphologic closure (Kennedy and Clark, 
1911). Furthermore, we should remember 
tliat the lowering of peripheral resistance in 
the small vessels of the lungs m.ny well lessen 
ihe force of tlie shunt through the ductus 
arteriosus to a point where It would take little 
more tlian the n.ituml elasticity of the vessel 
walls to bring alxjiit apparent closure. Fi- 
nally. the dramatic quality of an immediate 
functional closure, by whatever mechanism 
it is effecte<l, should not cause us to forget 
llie importance of the slower luit more posi- 
tive structural closure. 

Tlie closure of the ductus arteriosus ent.ins 
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a gradual, although none the less striking, 
change in the configuration of the aortic arch 
(Patten, 1930; Noback and Rehman, 1941). 
Before birth there is a definitely narrowed 
portion of the arch between the point where 
the left subclavian is given off and the point 
of entrance of the ductus arteriosus. This nar- 
rowed region is called the isthmus (Figure 


II-47A). After the ductus arteriosus has been 
dosed, all the blood entering the descending 
aorta must traverse the aortic arch and, as a 
result, the isthmus is slowly enlarged. It is 
usually three to four months after birth before 
all trace of the narrowing \vhich was so char- 
acteristic of the arch of the fetal aorta has 
entirely disappeared (Figure I1-47B). 



Pigiire n-4S. Dr.i\Miigs of KrarU witli Kft atniini to iliow gross cliatigi-. in s.iKiil.i 

doting ptnod of closure of foramen o\jIe. Compare Figure IM9, showing tin* mftro- 

scopic changes. (From Patten, Am. /. Amit , Vol. -tS, 1931.) 



86 


PATHOLOGY OF THE HEART 



FiRnre 11-40. Structure and relabon^ of foramini^ ovalis at time of birth. A. Orient* 

inR-'kctch with left atniun opened. He.rt> bbek line inilieales location of section 'iliown 
in B. B. Photomicrograph of section passing through intcratrj.il septum at foramen n\ale. 
C. More hiRhly magnified photomicrograph of section throucli salnili at point iiKlicat«! 
by rectangle on B (From Patten, Am. J Anat., \’ol. -IS, 1931.) 


The results of incrensed pulmonarj' circula* 
tion \vith the concomitant increase in the 
direct intake of the left atrium are manifested 
secondarily at the foramen ovale. Following 
birth, as the pulmonary return increases, com- 
pensatory’ blood flow from the right atrium to 
the left decreases correspondingly', and soon 
ceases altogether. Tliis is indicated anatomi- 
cally by a progressive reduction in the loose- 
ness of the valviila foraminis ovalis ami the 
consequent diminution of the interatrial com- 
munication to a progressively narrower slit 
between the valviil.a and the septum (Figure 
11-48). \Mien equalization of atrial intakes 
has occurred, the compens.iling one-way s’alve 
at the foramen osalc falls into disuse. Al- 
though. for sexenil months after birth, a prolio 
can still lie passed freely Iwliind the vjhiila, 
the foramen os'alc may be regarded as func- 
tionally closed when this new intracarduc 
h.alancc* has licen attained. 

Tlien follows a period of si\ to eight months 
In which the connective tissue of the vaUiiIa 
Increases from 600 to 700 per ernt (Figure 
11-50). Tins second phase in the closure of 


the fommen ovale with its characlcrisllc histo- 
logic alteration is essentially the conversion of 
an originally movable, flap-like valve into a 
fixed septal structure (Patten, 1931). Finally, 
coming leisurely in the wake of functional 
abandonment and as a culmination of the 
period of connective-tissue proliferation, is 
the adhesion of the s'ah’ula to liccome an 
integral part of the interatrial septum. Tlicre 
is great variability in the age at which this 
final step in the closure of the foramen ovale 
ocatrs. A usual range, rather than u specific 
time of final anatomic closure, is all that can 
be slatoxl. Substanliatc<l instances of fibrous 
adhesion of the vahiila to the septum he- 
wming complete under llirce months are ex- 
ceedingly rare. The iisiml time of complete 
anatomic closure appears to Ik* not earlier 
than the last Ihiitl of the first year after hiiih, 
and frexiucntly it is much later. 

In 20 to 25 per c-ent of |X*rsons the fibrous 
adlu“sion of the v.ilviila to the septum is never 
entirely complete<l (Figure II-5I). Prov{de<l 
the x-aU’ula amjily overlaps the foramen ovale, 
such failures of complete adhesion nppe;ir to 
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be no functional handicap to otherwise normal 
persons. The condition is best described as 
probe-patcncij (Patten, 1931, p. 40) in dis- 
tinction to open foratnen ovale with incompe- 
tent valve (cf. Figxires 11-51 and 11-52). Be- 
cause of the frequency with which they occur. 


probe-patencies may well be regarded as 
variations of the normal rather than as 
abnormalities. Such an attitude, however, 
must be tempered by the realization that in 
the event of disturbances in the pulmonary 
circuit sufficiently severe to unbalance inlra- 




Figiire 11-50. Histologic changes in valvtila foramiius o%alis follosving birth. (Photonncro- 
granh% X 80.) For comparable area, at Wrth, sec Figrue Il-tO. (From Patten, ^rn. /. Anaf., 
Vol. 48. 1931.) 
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Figure 11-51. Examples of heart showing the foramen osalc guarded !)>• a 
vahiik ample in its overlap, but incompletely fusctl to the septum. Such hearts 
show what may be designated as adequate functional closure with a persistent 
prnbe-p.itency. Probe-p-atencies of this type ate apparently no functional 
handicap to an otherwise normal person arnl persist in from 20 to 25 per cent 
of all adults (From Patten, Am. ). Anai., Vol. -IS, 1931.) 


atrial pressures, .in area of incomplete ad- 
hesion again become a path for tntns- 
scptal flow (see Chapter VI, page 282). 

Quite different from ctises of nonadhcrctK*e 
of tlie valviila with more probe-patenc\' .arc 
tliose in wliicli the valmla is actually incom- 
petent to close the foramen ovale (Figure 
11-52). Such a condition may be caused by 
abnormally extensive resorption of scpliim 
primum in connection with the formation of 
ostium secundum, or by insufficient growth 
of septum secundum leaving an abnormally 
large foramen ovale, nr by a combination of 
both of these conditions (Patten, 1938). The 
functional implications of such interatrial de- 
fects will be discussed in Chapter VI. 

Even in the cases in which complete fibrous 
adhesion has occurred, the fetal \-alniIar 
mechanism at the foramen ovale leaves its 
imprint on the anatomy of the adult heart. 
Tlie sharply marked margin of the fossa ovalis 
records the former boundaries of the foraroen 
ovale in septum secundum (Figure III-S). 
Tlic thin interatrial wall of the fossa itself is 
septum primum. closing the fetal opening, 
wiien one inserts a probe under the margin 
of the fossa ovalis to see whether or not it 
can Ik* puslu'd all the way into the left alriiim. 


one is but pr>ing at the seal placet! on the 
foramen ovale following birth. 

Tlie foregoing discussion of tlic postnatal 
occurrences at the ductus artcriostis and at 
the foramen ovale was predicated on the 
normal development of the lungs and their 
vessels. If there is any failure in the pulmo- 
nary system, the storx* is dlfTcrcnt. A hlnocl 
stream, like any otiicr fluid current, is Imund 
to seek the path of least resistance. Normally, 
when respiration in the lungs commences, the 
peripheral resistance of the pulmonar)' circu- 
lation is suffidently reduced so tlial the blood 
pumped over the pulmonarj’ tnink all goes 
to the lungs rather than fnreing its way over 
the ductus arteriosus against the now higher 
pressure of the aortic stream. If, through any 
dcficicnc>’ in the development of the lungs 
themselves, or of their vessels, undue resist- 
ance to the free passage of Moor! exists, the 
pulmnn.irx' nrfcrx’ will continue to shunt a por- 
tion of its Wood stream over the ductus arteri- 
osus to the aorta just ns it did liefore birth. 
Tliat this happens but rarely is perhaps the 
most remarLable fact alxiut the entire series 
of circulators* changes wliicli take pkice at 
birth; for there is no way this |>eripheral p.trt 
of the piilmonarx* circuhtion can lx* testes! 
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under functional conditions while the fetus 
remains in utero. Yet, the instances in whidi 
it fails the test of immediate functional ade- 
quacy at the time of birth are exceedingly 
few. 

In the e.xceptional cases in whicli the pul- 
monary circulation does not at once begin to 
function properly, the entire balance within 
the heart is upset. The blood which fails to 
enter the lungs goes through the ductus arteri- 
osus into the aorta and is returned by the sys- 
temic veins to the right atrium. The same 
process reduces the amount of blood which 
reaches the left atrium by way of tlm pulmo- 
nary veins. This causes a marked inequality in 
the volume of blood entering the two atria 
and a resultant inequality of the blood pres- 
sure on opposite sides of the interatrial 
septum. Consequently, unoxygenated blood 
passes through the foramen ovale from right 
to left and the infant is cyanotic. The primary 
cause of the difficulty is not, as is so often mis- 
stated, tlie “failure of the foramen ovale to 
close at birth.” Its structural closure is always 
a gradual process. It is open tluoughout fetal 
life or the embryo would not have sufficient 
left ventricular development to carry the sys- 
temic circulation, and it normally remains 
structurally unclosed for most of the first 
postnatal year. ^Vhat does occur in these cases 
is failure to establish balanced pressure condi- 
tions which effect prompt functional closure, 
and at the same time facilitate the gradual 
structural closure of the foramen ovale. 

With birth and the interruption of the pla- 
cental circuit, there follows the gradual fibrous 
involution of the umbilical vein and the um- 
bilical arteries. The flow of blood in these 
vessels, of course, ceases immediately with the 
ligation of the umbilical cord, but obliteration 
of the lumen is likely to take from three to 
five weeks, and isolated portions of these ves- 
sels may retain a vestigial lumen for mud) 
longer. Ultimately these vessels are reduced 
to fibrous cords. The old course of the um- 
bilical vein is represented in the adult by the 
ligamentum teres from the umbilicus to the 
liver, and within the substance of the liver 
by the ligamentum venosus. Tlje protimal 
portions of the umbilical .arteries are retained 


in reduced relative size as the hypogastrics. 
The fibrous cords extending from these arter- 
ies on either side of the urachus toward the 
umbilicus are the remains of the more distal 
portions of the old umbilical arteries, known 
in the adult as the “obliterated branches” of 
the hypogastric arteries. 

Slowest of the postnatal changes to be com- 
pleted is the muscular development of the left 
ventricle. At the close of fetal life the right 
and left ventricular walls are of approximately 
equal tliickness. Actually the right ventricular 
myocardium outweighs the left slightly, the 
ratio of their weights being approximately 8 
to 7 (Patten, 1930). Tliis is consonant with 
the slightly greater capacity of the right ven- 
tricle and the greater size of the pulmonary 
outlet as compared with the aortic outlet. 
Physiologically, these structural conditions are 
reflected by the right preponderance exhibited 
by neonatal electrocardiograms and a pulmo- 
nary pressure enough higher than the aortic 
to maintain blood flow in the ductus arteriosus 
toward tlie aorta during fetal life. Poslnatally, 
with the structural closure of the ductus ar- 
teriosus securely accomplished, the pressure 
conditions change. The left ventricle must 
thereafter carry the full load of the longer sys- 
temic circuit with no assistance from the right. 
In response to tl)is added work, the thickness 
of the left ventricular wall graduall)'- increases 
and aortic pressure rises. Gross (1921) be- 
lieved that it took three to four years after 
birth before the left ventricular wall acquired 
its full adult degree of preponderance. More 
recently. Keen (1955) has presented data in- 
dicating that the greater part of this change is 
accomplished within the first six months after 
birth. 

Much yet remains to be learned as to the 
more precise physiology of the fetal circula- 
tion and as to the interaction of various factors 
during the transition from intra-uterinc to 
postnatal conditions. Nevertheless, with our 
present knowledge it is quite apparent that 
the changes in the circulation ubich occur 
following birth involve no re%olutionar>’ dis- 
turbances of (he load carried by different 
parts of tl)c Ijeart. Tlie compensatory mechan- 
isms at the foramen ovale and the ductus 
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FiRurc 11-52. N'jmms of dt-foclv in \aKnL)r mt-cli.miMii of for.inicn ox-ale \iliieJi prt- 
xcnt cffectixc clo«iri* A Dofec( caused bv oxcnexocption of septiini priiniim. (Stilllxirn. 
aiilop<>' 17G,20-1, r<T^Ji Iiitt., Virnfui ) B Dcfott caM«rd by imdrnlcxelopment of M-ptiiin 
secundum leannj! an abnormally large foramen oxale. (Female, Incd IG Itnurv, autopsy 
176,346, Path Inst , 'I'leiina > C Perforated xab-uh, resorption in abnormal IrxatiofK. 
(Male, age tlireo months, atitops) 176,312, Path Imt , Vieniw.) D Exteasixe xjlmlar 
defect mxolxang a combination of all three of tlie al>oxc factors. (Spt'cfmen 4093, Ilolitan* 
sLy .Museum, Vienru, from foremic aiitops> of child agctl .alioiit fixe montlis.) (From 
Patten, .4 »m. J Path., \'ol. 14. 193S ) 


arteriosus wltich have been functionint; ull 
during fetal life are entirely competent to 
effect the establishing of the Gnal postn.atal 
circulation witli a minimum of functional dis- 
turbance. It is still tnic that as indMduals 
we crowd into a few cnicial moments the 
change from water-living to air-living that in 
phylogeny must have been spread over cons 
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THE HEART AS A WHOLE 


S hape and Relations. The adult heart is a 
roughly conical, hollosv, muscular organ 
with walls consisting of three layers: endo- 
cardium, myocardium, and epicardium (visce- 
ral pericardium). The epicardium is a serous 
membrane, continuous with the parietal peri- 
cardium which lines the pericardial cavity. 
Tile base of the heart is poorly circumscribed 
but corresponds in a general way with the 
area occupied by the great vessels entering 
and leaving the heart, together with that por- 
tion of the lieart ^valI u'hich lies between 
them. Tlie heart is held in position within the 
pericardial cavity by these great vessels and 
the visceral pericardium (epicardium ), which 
is reflected at tlicir roots to become continuous 
with the parietal pericardium. Tims, the heart 
is not rigidly fixed within the pericardial cav- 
ity; during its contraction both its base and 


its apex undergo changes in position, and the 
heart as a whole is freely movable within the 
pericardial cavity. 

Tlie Chambers of the Heart. Tlie heart is 
divided into four chambers: two thin-xvalled 
atria which serve as the intake chambers, and 
two heavy-walled ventricles the contractions 
of whicli carry out the effective pumping ac- 
tion of the heart. Tlie interior of the heart is 
divided into right and left sides by a partition 
passing from base to apex. The cavity of each 
atrium opens into the cax’it}' of its correspond- 
ing ventricle by way of an atrioventricular 
ostium. Tlie right atrium receives bloml from 
the superior and inferior venae cavae and the 
coronary sinus, and p.isses it on to the right 
ventricle xvlucli pumps it into the pulmonar\' 
trunk. The left atrium receives hlrKxl from 
the four pulmonan,' veins, and passes it on 
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IlKHri" lll-l. Ventral nov of lu.irt iti sini \\itl« the pt'rK.irOial «c opcn«l. {Aft«*r i 
disNcvlion b> H. T. Bloiinl, l>> J<jii llir^cli. fniiii Morns' Human Analomij, ojiirt»-\; 

of Tbo ItliLislon C<«niMm. I’hil Klrlrbi.i. ) 


to the left ventricle which piiinp< it into the 
asc'cnding aorta. 

Terminology. In descriptions of the amit- 
omy of the heart, cmiftision often arises be** 
cause of the teriniiiolog>' used in describing 
relationships. Such terms as "in frtmt of." "Ix*- 
hind," “aliove," lK‘l<m" are not sufficieiUls 
unerpiivocal for anatomic dwcription. The 
terms “anterior" and “posterior" way !«• in- 
terpretcsl differently by diffiTcnt re.ideis. In 
the following account the m.ijor axes will Ik* 
descrilnxl as cephah'c and couildt, tlorsal and 
centmf, and right and left Althotigh these 
fenns Je.id to phrases tJjat at times sr*»*m awk- 
ward. nevertheless thes avoid ambiguity, awl 


will l>c employeil exct'pt where their use d(x*s 
violence to such vcncrahlo and deeply rooted 
terms as “anterior p.ipillar)- muscle," or "an- 
tenor and posterior semilunar v-iJves." fn such 
instances consistency may well lx* sacrificed 
to tradition. 

Orientation. Although the heart Is com- 
monly descTilH*d as consisting of right and left 
Ji.il»<*s, Its hn^ihtdina) axis rJiK-v not )h m 
the s.igittal plane of the IkxIv*. Tlic apex of 
the heart ix)ints ventrally, to the left, and 
caiidady. Its longiludiiul axis forms an atjgfe 
of apprnsimafely -10* with the hnrizonl.nl. and 
is inclined to the right to form alK»ut the Mine 
angle with the sagittal plane, TlxTchxc*. the 
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right and left atria do not lie cephalic to the 
corresponding ventricles but rather dorsal to, 
and to the rigljt of them. 

Size and Weight. In the average adult the 
heart measures about 12.5 cm. (5 in.) from 
base to apex, and 8 7 cm. (SVfe in.) in its 
broadest dimension. In a man its weight is 
about 312 grams (11 ounces), and in a 
woman, about 225 grams (8 ounces). The 
weight of the heart makes up about 0.4 to 
0.5 per cent of the total body weight of the 


average adult. At birth it averages about 0.7 
per cent of the total body weight. In emaci- 
ated persons the heart Aveighs relatively more, 
and in the obese, relatively less. The volume 
of the heart may be estimated in a living per- 
son by means of its x-ray silhouette.® 

* If the area of this silhouette be determined in 
square centimeters, and appropriate correction be 
made for divergence of the rays, then the volume of 
the heart, in cubic centimeters, will be O-SSA®/*, when 
A IS the area of the heart shadow, and the weight of 
the heart svill be 1/20 A*/- (0.0055) (Bardeen, 1918). 


EXTERNAL ASPECT OF THE HEART 

Ventricular Portion. The apex of the heart higher. In hearts that have been hardened by 
js formed by the left ventricle. The average fixation within the pericardial cavity, the coni- 
position of the apex border in the erect in- cal regularity of the ventricular portion is 
dividual is at the level of the sixth rib. This dishirbed by a well-marked triangular facet 
position in a series of 192 young adult men caused by contact u’ith the diaphragm. This 
has been found to vary between the fifth rib area of contact, the so-called diaphragmatic 
and the sixth interspace (Woodburne and surface, of necessity has a contour conform- 
WHiitaker, 1943). In the supine position and ing to that of the upper surface of the dia- 
in measurements in cadavers, this location, like phragm, and so faces caudally and slightly 
other similar relationships with skeletal land- dorsally. Its ventral margin is marked by an 
marks, will tend to be half an interspace abruptly curved edge running from the apex 



Figure 111-2. Teleroentgenogram of a cadaver, sbov'iug tlic rel.Uions of the 
heart, diaphragm, great vovseh and ventral thoracic cage. (After LeWald, 
from Morris’ Human Anatomtj, courtesy of Tlie BUVislon Company, I’hil.idel- 
pliia,) The atriov entricuhir, aoiUc and pnlmonaiy osUa have boon fitted with 
wire nngs to show tlieir respective positions. In sneh cmb.ilnicvl prcpar.Uions. 
these positions are about half an interspace higher than they arc in the living 
erect subject. 
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(n (lie as far as the rit:ht atriiini. Tiiis 

margin is called the iiuirfio arutin (Fijiurc 
III-I). and marks the transition In'tweru the 
diaphraymatic snrfacv of the heart and its 
•s/crnocos/fj/ snrfaiv. svliicfi fatvs tfie slennim 
and ctistal carlilaKes. Tlie dorsal nine »»f the 
diaphragmatic surface is more romidetf than 
the margo acailns. and sleeps cvphahcallv to 
form the tlorsaJ side of the heart. Tlie left 
surface of tlie sentricnilar portion of the heart 
iv caHerl the w/c/rgo ohtusiit. It forms the 
rotindetl left side «)f the left \entricle. ami ev 
ti'wls from the venfrinilar apes to the rmit 
of the pulmonars tnmk. Tlie tiiaruo ohtiisus 
p.jssi's gradually o\er into the sternm-ostal 
siirfatv of tlie heart 

llie fTifeneiifrictihjr ai/fnis is a shalhm 
groose sshich indicates, on the surfacs* <»f the 
heart, the JiK-ation of the mlifnal partition 
Migrating the two sentrich's In it he tw«p 


nars- liItHKl vessels, nerses. and a sariahle 
amount of fat. Tlie p.irl of this sulcus seen on 
the sleniocoslal surface is the rmfrrior /migi- 
fi«/inrtf sulcin (Figure III-I) which originates 
at the left of the niot of the puhnonarj- trunk, 
nins obliquely over the upper part of the 
margo olitiisus, and coursc-s nearly sertically 
down over the steniocostal siirfac-e. As it 
crosses (he margo acuftts it fonus a slight 
notch, the inmura apich corilis, and is I'on- 
linmxl as (he posterior JongiftidiuaJ cultsis «»ri 
the diaphragmatic surfacx*. 

Tlie diaphragmatic surfan* Js eonslifiifjsl 
alKint crjually hy tlie right and left seiifrich*s. 
whereas the sfenuKswtal surface is formes! 
tnainb hy the right. Tlie esh-rn.d line of sle- 
nuircation iK-twi-eii the atria and the \«mlrit!es 
IS the coTviuinj 3ulnii. On the di.ipliraguiatie 
snrfacv of the hnirt. this gnuise is <Hxnipi«>d 
h\ tlie corpmnj siitui. It Is well irurleil along 
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the lateral and ventral aspects of the heart 
where it contains coronary arteries and veins 
embedded in a considerable amount of fat 
Atrial Portion. The atrial portion of the 
heart lies to the right of, dorsal, and slightly 
cephalic to the ventricular portion. On the 
dorsal surface of the heart the division into 
right and left atria is not clearly indicated 
except in distended hearts, in which it is 
marked by a groove connecting the left sides 
of the superior and inferior venae cavae. Ven- 
trally the right and left auricular appendages 
of the atria protrude to bound a deep notch 
m ^vhich lie the ascending aorta and the pul- 
monarj' trunk. On the dorsal aspect of the 
right atrium a slight groo^'e is seen connect- 
ing the right sides of the superior and inferior 
venae ca\’ae. This is called the sulctis tcrmhi- 
oUs (Figures 111-3 and III-16) and represents 
the lateral boundary of what 'vas the right 
horn of the embryonic sinus v'enostis which 
lias been partially incorporated into the dorsal 
wall of the right atrium of the adult heart, 
forming the so-called sliws vciiarum (Figures 
III-3 and 111-5). 

The superior vena caca enters the right 
atrium eephalically while the inferior vena 
cava enters it from its caudal aspect. The axes 
of these two great veins are nearly in line ^vith 
each other and with the vertical axis of tlie 
body. TJ?e coronary sinus originates by cot)' 
fluence of venous tributaries below’ the left 
caudal pulmonary vein, and courses m the 
coronary sulcus caudally, dorsally, and to the 
right, to enter the riglit atrium slightly ne.arer 
the riglit atriox’entricular ostium than the en- 
trance of the inferior vena ca>'a. The pulmo- 
nary ^’eins course transvcrsel)' and somewhat 
eephalically to enter the right and left sides 
of the left atrium (Figures 111-5 and III-6). 

Arterial Outlets of the Heart. Vimved in 
\’entrnl aspect, the right ventricle c.in be seen 
to extend eephalically and slightly to the left, 
bounded by the anterior longitudinal sulcus 
and the coronar>’ sulcus. At the level between 
the second and third costal cartilages on the 
left, the pulmonary cone of the right x’entricle 
gives rise to the pu/niontiri/ fniiik (Figure 
III-l). This vessel curves abruptly dors.nlly 
and, after a distance of about one and one-half 


inches (4.3 cm.), bifurcates into right and 
left pulmonary arteries. The pulmonar)’ trunk 
is commonly referred to in clinical literature 
as the “undivided portion of the pulmonary 
artery,” a prolixity that has little to recom- 
mend it. 

The left ventricle discharges into the as- 
cending aorta slightly to the left of the mid- 
line, at about the level of tlie attacliment of 
the third costal cartilage. Tlie orifice of the 
aorta lies dorsal, caudal, and slightly to the 
right of the pulmonary trunk (Figure III-19), 
The aorta may be divided into three portions 
for descriptive purposes; (1) the ascending 
aorta, running eephalically and very sliglitly 
to the right; (2) the aortic arch, which swings 
dorsally and to the left, arching over the riglit 
pulmonary artery and the bifurcation of the 
pulmonary trunk; and (3) the descending 
aorta, xvhich passes caudally and, in its tho- 
racic extent, lies to the left of the midlinc. 
From the aortic arch arise the large arteries 
that supply blond to the upper part of the 



Figure 111-4. anti-nor n>riJlf;rnrt5r.jm 

of tlic llior.ictc rcRion of tlip .'•clitlt, taken from essen- 
tially the s.imc ancle .a's the drawme in I'lcnn- 11141 
(Courtesy al the Dep.artnicnf of ItoenfCenohiC}-, Uni- 
^ ersitj of Miihican ) 
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FtRtirc IIl-S. DomI of llio hvnrt in situ T(m- pt-runnlial mc fus Iktti opcnal itt «icl» a numicr that 
il* rcfli-clions aroniKl the nxits of iIk- groat \c»»cl> aro cmpkisirwl (After u ilissi-cUon hy H. K Illoniit, 
drawn h) Joan lhr>ch from Mom<' Humon Anatotwj <e«irt«-%> of Tlif HlalMon Coinpiit), riiSlaJelpIda.) 


body: tl>c innominate, the left common ci- 
rnlid and the left siibctnvinn. A lii;.imcnt. 
about 3 to 5 mm in diameter and from S to 
15 mm. in lenptb, amnccti the left pulmo- 
nar>‘ arter>‘ to the aortic arch. Tins is called 
the Ilf^arncntum iJiicnnsum (FiKure 111-29). 
It is of importance as a landmark since it 
represents the fibrons remains <if the dnetns 
arteriosus of the fetus (Fipires 11-39 and II- 
47). It is altacherl to the cephalic asj>ect of 
the left pulinon.ir>' arter>’ close to the bifurca- 
tion of the ptilmonars’ tnmfc. It jxasses dor- 


salK. slightly ccphalically and to the left, to 
attach to the arch of the aorta on its c~aud.il 
side sh’chtly cniid.il to the origin of the left 
siilKrlas-ian arterj-. One of the less uncommon 
anomalies of canliac development is persist- 
«*ncc of a patent ductus arteriosus. Such a 
retained fetal channel will luive essentially the 
same relations ns the hg-imenfurn artrriosiirri 
of the normal adult, althouch there is a lend- 
enc\’ for a patent ductus arteriosus to Ixfome 
shortencsl, a point of some surutexd sipu- 
Ccance. 


Tin-: rEiucAumAL CAVirv 

Tlie heart, rxirpt for att.ichinents at its serous memhnme. the i>erfcrirdicmi. cmisMtiri'^ 
venotis and arterl.ii r'nds, lies frei* within tilt* of a incsothellal l.njrr ami an underbin‘4 
pcricanlial ensity. Tins cavity is lined In- a fibrous lamina. At the ri-^ium sshcre the hr.irt 
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is attadied to the dorsal thoracic wall, the 
pericardium lining the wall of the pericardial 
cavity is reSected over the heart. In this 
position it is called the visceral pericardium or 
more commonly, by histologists, the epicar- 
clium. Tlie positions of these lines of reflection 
are shown in Figures III-3, 1II-5 and 111-6. 
Their embryologic derivation is indicated in 
Figures 11-30 and 11-31. Tliere are essentially 
t\vo regions of reflection, one surrounding the 
ascending aorta and the pulmonary trunk, and 
the other surrounding the great veins enter- 
ing the atria. The pericardial reflection sur- 
rounding the venous inlets forms a mesentery- 
like membrane (mesocardium), which passes 
between the dorsal wall of the pericardial 


cavity and the heart, and encloses the several 
inlets in a common investment. It has a 
cephalocaudal portion which extends bet\veen 
the cava! inlets and includes the roots of the 
right pulmonary veins. It sweeps transversely 
from the right to the left superior pulmonary 
vein, and turns caudally to envelop the root 
of the left inferior pulmonary vein. This horse- 
shoe-shaped line of reflection partially isolates 
a portion of the pericardial cavity vvliich is 
called the oblique sinus (Figures II-SIE and 
IU-6). The ring of pericardial reflection sur- 
rounding the ascending aorta and the pulmo- 
nary trunk is independent of the mesocardial 
complex surrounding the venous inlets. There 
is, therefore, a portion of the pericardial cavity 



rigiire 111-6. Dorsal wall of llie pcricanli.'il ca\'ity. Tlie heart lias Ix-en remover! in vnrli a jn.inncr as lo 
show ihc tefleclions of the pcricanlimn atouncl the roots of U»e great vessels. (Sec Figure 11-33.) 
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nioiint llie ontnn.if ilraMiii); («> Jean f first l» lias f>en» sticFitl> inrxlifiitl. Frtini Moms* //rrrriori /\n' 
atoniij, «.\>iiftcs> of Tin* Bl-iliston Conijvin>.) 


riiiminj' framM-rscly across tlic itiKlItm* im- 
inctluitcly ccplialic to tlic sopenor polmoiwrs- 
Veins ami the superior vcn.i ca\ii. Tliis is 
ciJJctl tJie Ir/t/itccrsc sinus o/ fjic |X'nc:jrtJi.iJ 
c;»vity. It represents in tlie adtilt the pl.ntv 
where the einhrs’onic dorsal mesocarditim first 
broke throiiqh to in.ike the rmht and left 
C(H*ronn’c cavities csinfitient acrtiss the fnidliiie 
In some persons the left tsimmon (sirdin.il 
s ein ( duct of Cuvier ) tn.n persist in tlie adult 
Tliis ismdition is usually sjxiken of as a tlouhle 
sujierior \ena cas'a. OnlinariK in such eases 
there is present a left innominate sein of re- 
(Incetl size, and the left suiXTior sslmli 
enters hy way of the coron.ir>’ sums is *m.iller 
tlunn the richt. Occasional!). h\ rc.isou of a 
complete failure of the innomm.ite to develop 
.as .1 shunt from the left to the rii^lit anterior 
c.mhiud vein (Piiture 11-12). tlie two superior 
ravae inav Ik* of espial si/e. thus relainlns* the 


primarv bilateral s.vminetrv* of the emhrjonlc 
venous system (Prows, 1913). More com- 
monly the left common t-ardin.il vein is re- 
duced in si>e, and pTsists in fJie adnif at a 
small vein coursing ohlicpiely across the dorsal 
aspect of the left atrium, to the left of the 
left pulmonarv’ veins (Marshal), 1S30). Tliis 
is called the ohliquc win of tfw left rifriimi 
or olihque vein of .Marshall (Figures 11-30 
and Ill-IG). This vein may lx* csmtlnm'tl tx-- 
plulicsdly as a small vein, or iimre tsimmonU 
as a fibrous csird. to attach to the left Iiiglii-st 
intercostal vein. Tlic parietal ivrir.irditim is 
iisuallv pullesl up into a fold hy this vein or 
ligarrK'iit lo form the vcst/gul fold of the Jeff 
sin>rrior vcn.i cava (vi-stigi'al fold of .Mar- 
shall). Tin- v«-stigi.'il fold of Marshall oiigm- 
ati-s near tin* left entr.ince into the transverse 
smiis of the ivricanli.it casity. and c.ni N* 
Iraixt! wpluhc'.illy arnl to the |rft (Figure 
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III-6). The attachment of this mesocardiai 
fold to the dorsal wall of the pericardial cavity 
is not always found to the left of the left su- 
perior pulmonary vein as might be expected 
from the course of the oblique vein of Mar- 
shall, but may be secondarily displaced to the 
right so that it is situated within the trans- 
verse sinus itself. 

THE INTERIOR 

The Interatrial Septum. The interior of the 
atrial portion of the heart is divided by the 
interatrial septum into right and left cham- 
bers. Tills septum is a composite structure, 
being derived from two independent septa of 
the embryonic atrium, neither one of which 
was formed as a complete partition in itself 
(Figures IM6. 11-18, 11-19 and 11-20). The 
openings in the two embryonic septa do not 
normally coincide in position, so that when 
fusion of the septa is completed, usually dur- 
ing the first year of postnatal life, the im- 
pervious partition characteristic of the adult 
heart is formed. Traces of the two originally 
independent parts of the interatrial septum 


The pericardial cavity of the normal adult 
contains about 25 or 30 ml. of pericardial fluid. 
This is a straw-colored serous fluid with es- 
sentially the composition of lymph. It serves 
to minimize friction between the visceral and 
parietal layers of the pericardium. 


OF THE HEART 

are, however, clearly recognizable in tlic 
adult. The crescentic margin of the old co/onfu 
foraminis ovalis, can be seen more or less 
firmly adherent to the left side of the septum 
(Figure III-IO). The area cephalic to this 
margin represents the location of ostium II of 
interatrial septum primum of embryologic de- 
scriptions ( Figure 11-29 ) . Tlie main muscular 
part of the interatrial septum is derived from 
a septum (interatrial septum secundum) that 
forms somewhat later, immediately to the 
right of the septum primum. Septum secun- 
dum retains throughout fetal life an oval 
opening called the foramen ovale, the margin 
of which is seen on the right side of the adult 



Figure HI-8. Iliglit side of tlie heart opcnctl in a plane apjirotini.'itcly p.irallfl to tlie 
septa, to show tf>c interior of the right atrium and the rigfit %eninc!c. A si'ginent of tlie 
septal leaflet of the tnaispid v.ihe lias been tut awa> to cnixiso more fully the region of 
t]ic jncmbr.inous portion of tlie interventrici)}.(r septum. 
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Fjjnxre III-9. \ eotral «ew of the Iwart with the w-all> of the nsAt atnoia and A-ratiicIe openet} to show- tbeir 
mternal couSctiration. The dissection w'as planned to show the relaboas c£ an mmsoaUs wcB des eloped 
niodeiator band. In this heart the poadan of the foramen oi-ale is someschat more cephalic tsnaL 

( After a dissection b> R. F. Bknjnt. drawn bj Jean Hir«ch. Frwn Moms' HunoTi Anstoriy, courte*j of The 
Blilziton Compac} Haladefphia . ) 


interatrial septum as the limbus fossae otalis. 
After the N*alve of the foramen o\‘ale (septum 
primum) has fused to the left atrial side of 
the septum secundum, the foramen o\-ale be- 
comes a more or less oral depression on the 
right side of the interatrial septum, called the 
fossa ocalis (Figure HI-S). In some 20 to 25 
per cent of adult hearts the fusion of the \-al\e 
of the foramen o\-aIe with the septum secun- 
dum is not complete- By fol]m%-ing the direc- 
tion of the inferior vena ca^a, a slender probe 
may be sh'pped under the limbus fossae os^alis. 
betsveen the sals'e of the foramen oi-aJe and 
the muscular portion of the septum, into the 
left atrium. This condib'on, diaracterized as 
“probe-patencs*” (Figure 11-51), is discussed 


in ChaptCT IL Sudi openings are-\estiges of 
an important fetal blood route which is aban- 
doned postnatally, after the lungs have be- 
come completely functional. Failure of com- 
plete fusion between the hvo parts of die 
emhr>‘onic interatrial septum with resulting 
probe-patencj' does not appear to be a handi- 
cap to an othen\Tse normal heart, and is of 
sufficient frequencj- to be regarded as a i-ari- 
anl of the normal. Probe-palenc\- should be 
sharply distinguished from a true I’aliular de- 
fect such as e-dsts when the %'al\'e of Uie fora- 
men cn-ale is incompetent to guard the fora- 
men orale. 

The Right .Alriirm. The inferiw sens 03%^ 
passes throusdi the diaphragm and caters the 
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caudal side of the right atrium (Figures III-3 
and III-8). The inferior caval orifice is par- 
tially guarded along its ventral aspect by an 
incompetent valve flap of variable fullness, the 
valve of the inferior vena cava (eustachian 
valve). Dorso-caudally on the wall of the 
right atrium, between the atrioventricular 
orifice and the fossa ovalis, is located the 
opening of the coronary sinus, guarded by the 
valve of the coronary sinns (thebesian valve). 
Leading from the right atrium ventrally, 
slightly caudally, and to the left is the right 
atrioventricular orifice whicli is guarded by 
the tricuspid valve. Extending between the 
right sides of tlie superior and inferior caval 
orifices there is a prominent muscular ridge, 
the crista terminalis (Figure IIT8), which 
underlies the sulcus terminalis. As the crista 
terminalis extends caudally it becomes less 
distinct. Its general course is continued by 
the valve of the inferior vena cava. Cephalic- 
ally the crista terminalis passes to the right 
of the orifice of the superior vena cava, and 
continues as a muscular ridge which forms the 
sinistral margin of the opening into the right 
auricular appendage (Figure III-9). This ap- 
pendage projects cephalically from the right 


atrium (Figure III-8) and lies in contact 
externally with the ascending aorta (Figure 
III-l). The interior of the right auricular ap- 
I>endage is trabeculated by muscular bands, 
the pectinate muscles. These appear to arise 
from the most cephalic part of the crista 
terminalis, and radiate out over the inner sur- 
face of the auricular appendage, forming the 
shell-like pattern which has given them their 
name. 

Tlie portion of the right atrium bounded 
laterally by the crista terminalis and medially 
by the interatrial septum is smooth-availed, 
and is called the simis venanim cavarwn. Jt 
is derived from the enlarged right horn of 
the sinus venosiis of the embryo (Figure II- 
30). The lower part of the crista terminalis 
marks the original line of attacliment of the 
upper part of the right sinus valve; the part 
of the crista lying cephalic to the superior 
vena cava, on the cephalic wall of the atrium, 
is derived from the extension of the venous 
valves, especially the right one, which was 
known in the embryo as the septum spurium 
(Figure II-16B). The caudal portion of the 
right venous valve persists in reduced form 
as the (eustachian) valve of the inferior vena 



Figure III-IO. Left side of llic heart opened in a plane appn)\ii«ately parallel to the septa, 
to show the interior o/ the left atnuin and left ventridc. A segment of ifte .inferior leaflet 
of the mitr.il \aUe has been cut away to expose more fully tlie region of the membranous 
portion of the intenxntricular septum and the aortic orifice. 
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cava, and the (thebesian) valve of the coro- 
nary sinus. These valves var>' considerably in 
size in different individuals and frequently 
show multiple small perforations. Occasion- 
ally lace-like strands from the margins of 
these valves may project far into the atrial 
lumen. Usually they are continuous with 
similar strands inserting into the atrial wall 
along the line of the crista terminalis. Such a 
fibrous meshwork represents an incomplete 
resorption of septum spurium and the right 
venous valve. ^Vhen extensive, it presents a 
highly characteristic appearance and is known 
as Chiari’s net (Figure VI -25, page 288). 
The left valve of the sinus \’enosus usually dis- 
appears by blending with the interatrial sep- 
tum. In rare instances remnants of its upper 
portion may be found closely adherent to sep- 
tum secundum, or even extending across the 
limbus fossae ovahs to lie against the vahoila 
foraminis ovalis (Figure VI-26 page 288). 
In rare instances there may be lace-like re- 
mains of the extreme lower portion of the left 
valve which may show some continuitx' with 
remnants of the right valve around the coro- 
nary sinus. 

The orifice of the superior vena cava is 
directed caudally and is unguarded by any 
valve. Across the inner face of the dorsal 
wall of the sinus venarum there is a trans- 
verse muscular ridge of variable prominence 
— the iuberculiim intervetwstim (of Lower). 
Opening into the right atriuw, part/cularlj' 
upon its septal and lateral walls, are numer- 
ous small openings, the foramina venarum 
minimanim (thebesii). 

Left Atrium. The left atrium is situated to 
the left of, and some^v'hat dorsal to, the right 
atrium. It lies dorsal to the root of the aorta, 
and its auricular appendage protrudes to the 
left of the pulmonary trunk. Opening into the 
dorsal wall of the left atrium are the right and 
left superior and inferior pulmonary' veins. 
Tlie orifices of these four veins are not 
guarded by x’alves. The left atrio%’entricular 
ostium, guarded by the mitral \ah'e, lies on 
the ventral side of the atrium, facing slightly 
caudally and to (he left. The inner face of the 
left atrium is relatively smooth, but the inner 
surface of the left auricular appendage is dis- 


tinguished by well-marked pectinate muscles. 
The pecidiar structure of the auricles xvill be 
described under Histolog>' of the Heart. 

Left Ventricle. In the adult the left ven- 
tricle has the form of a narrow cone, tapering 
to form the apex of the heart. Tlie left ven- 
tricle forms the gently curved left cephalic 
border of tlie heart (margo obtusus), about 
half of the diaphragmatic surface, and a small 
part of the sternocostal surface. 

The greater part of the inner surface of its 
wall is thrown into myocardial ridges of \'ari- 
able size. These ridges (trabeculae cameae) 
may either stand out in relief, or be undercut 
so that they form muscular bands completely 
covered by endocardium. In general the myo- 
cardium of the left ventricle consists of an 
outer zone of relatively solid muscle that 
makes up about tvx'O-thirds of its thickness, 
while its inner third is trabeculated. 

In the heart of the fetus and the newborn 
infant the left %'entricuJar wall is no thicker 
tlian the right, and the interventricular sep- 
tum fonns a nearly straight partition behveen 
the two ventricular cav-ities. How-ever, after 
birth, u-ith the complete separation of the 
pulmonary’ and the systemic vascular circuits, 
the left I’entricular mj-ocardium begins to as- 
sume its characteristic preponderance. By the 
fuurth year, the adult proportions are attained 
and the left ventricular wall has approxi- 
mately twice the tliickmess and three times 
the mass of the right (AliilJer, JSS3). 

Right Ventricle. In contrast with the wall 
of the left ventricle, the trabeculated part of 
the right ventricular wall makes up approxi- 
mately tw’o-ihirds of its thickmess and only its 
outer third is solid. The cephalic part of the 
right ventricle leading into the piilmonarx' 
trunk is called the fmimonari/ cone (Figure 
1II-8), and is delimited from the rest of the 
right ventricular cavity by a muscular ridge, 
the supraventricular crest (crista supnivcn- 
tricularis). The main portion of the right x’cn- 
tricular chamber is crescentic in cross section, 
since the interventricular septum is concave 
on its left side and convex on its right (Fig- 
ure 111-12). 

Interventricular Septum. Tlie infei^’cntricu- 
lar septum is thick and musailar except for a 
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small area of connective tissue (pars mem- 
branacea), near the root of the aorta (Figures 
III-IO, III«20 and III-22). From the left, this 
membranous portion can be seen to lie in tire 
angle between the attachments of the right 
and the noncoronary cusps of the aortic semi- 
lunar valve. On the right side, the pars mem- 
branacea is partly concealed by the septal 
cusp of the tricuspid valve, the attadnnent of 
which courses across it near its atrial margin 
(Figures III-8 and 111-26). The part of the 
septum membranaceum above the attach- 
ment of the septal leaflet of the tricuspid valve 


is, therefore, atrioventricular, since it lies be- 
tween the right atrium and the left ventricle 
(Figure III-ll). The membranous portion is 
the last part of the ventricular septum to be 
formed embryologically, and is of especial 
interest clinically since it is the most common 
site of interventricular defects. It is often 
referred to by British authors as the “unde- 
fended space.” 

On the left ventricular face of the septum 
one can occasionally make out the course of 
the fibers of the left branch of the atrioven- 
tricular bundle (of His), as they fan out im- 



rjgiire III-ll. Frontal scitioii through a lic.ut fi\«l in diastole, showing a \cnlral sii-w of 
ihe ilors.al portion. The plane of section passcH lliroiigli the septinn mrmhran.icciun an<l 
both atriovcnlriciilar o\tia. (After Tamller. Troiii Moms' Iftiman Anatoniij, courtesy of 
/uluis Spnngeraod Tlie Dlakiston Company.) 




Fijijire Sections of the licart cut tlirmi^Ii the \enfricJcs li> sjjnvv their 

change in configuration ciuring contraction (After TandJer. From Morris' l[unta» 
Anatomy, ca\irte$> of Tile DlaLislon Couipan>, Fhiladclpliia ) 


mediately beneath the endocardium. These found to extend from the septal wall of the 
bundles of fibers can be seen to emerge at riglit ventricle to the base of the anterior 
the apical margin of tlie septum membrana- papillary mtiscJe. TJiis is called lljc tiwelcrolnr 
ceum (Figure III-27). It is knowm from Iwind (Figure When this band is pres- 

microscopic study that these fibers of the left eni it regularly contains a part of the right 
branch of the bundle of His spread out fn flat- branclt of the atrios'cntricular bundle. Tlic 
tened fascicles over the interx’cntricular sop- moderator band is clearly distinguishable in 
turn musculare. However, their extent and the hearts of some persons, while in others it 
precise course cannot be determined with ccr* appears as a prominent ridge (crista sepfo- 
taintx* by gross inspection, since these special- marginahs), and in still others is not difTcren* 
ized fibers arc macroscopically indistinguish- tiated at all. 

able from bundles of Ij-pical cardiac muscle Papillary Muscles. Two papillarj- muscles 
of the interx-entricular septum. of the right ventricle are relatively constant 

A large muscular trabecula is sometimc?s in position, a large anterior papillarv- muscle. 
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and a smaller papillary muscle of the conus 
(of Luschka) (Figure 111-8). The anterior 
papillary muscle is situated on the ventral 
wall of the right ventricle near its junction 
with the septal wall. The papillary muscle of 
the conus lies just below the septal end of the 
crista supraventricularis (Figure III-8). A 
group of posterior papillary rtitiscles which 
are inconstant in number and position arise 
from the diapliragmatic wall of the ventricle. 
Some chordae tendineae stretch directly from 
the septal wall, with or without papillary ele- 
vations at their base, to the septal leaflet of 
the tricuspid valve. The chordae tendineae 
from the anterior papillary muscle run to the 
ventral and dorsal leaflets, those from the 
papillary muscle of the conus run to the septal 
and ventral, and those from the posterior 
papillary muscles run to the septal and dorsal 
leaflets of the tricuspid valve. In the left ven- 
tricle there are two large papillary muscles of 
relatively constant position — the anterior and 
posterior. Both of these send chordae ten- 
dineae to each of the JeaSets of the mitral 
valve. 

Atrioventricular Valves. The atrioventricu- 
lar valves are attached around the orifices 
leading from the atria into the ventricles and 
their leaflets extend into the cavities of the 
ventricles. Each valve has a continuous line 
of attachment, but its free edge is notched, 
partially subdividing it into leaflets or cusps 
(Figure 111-19). The right atrioventricular 
valve is usually divided into three leaflets and 
is, therefore, called the tricuspid valve. The 
left atrioventricular valve is similarly divided, 
but into two leaflets and is called the bicuspiil 
or, from its fancied resemblance to a bishop’s 
miter, the mitral valve. The depth of the 
notches in both of these ^'al^'es is extremely 
variable, and there may be an increase or, 
more rarely, a decrease in the number of leaf- 
lets. Each valve leaflet is attached to the 
ventricular papillary muscles or directly to 
the ventricular Nvall by fibrous cords, the 
chordae tei\dincac, which are generally 
branched and of vaiyang thickness. The thin- 
nest cords are attached to the free edge of 
the leaflet, those of intermediate thickness to 
its ventricular surface a few millimeters from 


its free margin, and the thickest are attached 
to the ventricular surface near the attached 
border of the leaflet. The valves are smooth 
and glistening on their atrial aspect but, be- 
cause of the attachment of the chordae tendi- 
neae, are irregular and fasciculated on their 
ventricular surface (Figures III-21 and III- 
22). The leaflets of the mitral v'alve are called 
ventral (anterior) and dorsal (posterior). 
Tliose of the tricuspid are called anterior, 
posterior, and medial (ventral, dorsal, and 
septal) (Figure III-19). Each leaflet receives 
chordae tendineae from more than one papil- 
lary muscle, and each papillary muscle sends 
chordae tendineae to more than one valve 
leaflet. The chordae tendineae of the mitral 
valve are heavier than those of the tricuspid. 
Tlie chordae tendineae and papillary muscles 
combine to prevent the leaflets of the atrio- 
ventricular valves from being forced back into 
the atria by the pressure built up in the ven- 
tricles during systole. Contraction of the 
piapillary muscles, along with the rest of the 
ventricular musculature, prevents a slackening 
of tension on the chordae tendineae which 
would otherxvise occur when the ventricular 
cavity becomes smaller during ventricular 
systole. 

Semilunar Valves. The outlet of each ven- 
tricle is guarded by three semilunar valve 
cusps, e.ich of which is a pocket-like flap of 
connective tissue, covered by endothelium and 
attached to the annulus fibrosus of the aorta 
or the pulmonary trunk. Tlie free edges of 
these cusps are directed away from the ven- 
tricle, and in the center of each there is a 
small fibrocartilaginous nodule, the corpus 
arantii Radiating from this nodule over tl)e 
fundus of the cusp and extending to its at- 
tached margin are fibrous thickenings. On 
either side of the nodule tlie free edge of each 
cusp is thin, forming a pair of crescentic areas 
called the hinulac (Figures III-IO and 111-22). 

Tliero are two widely employed sj'stcnis 
of naming the cusps of the semilunar valves. 
If they are named according to their relative 
positions when the heart is in situ in the 
thorax, as is done in one system, the a(utic 
\Tilvei arc named right posterior, left pos- 
terior, and anterior; while those of the piilmo- 



lOS 


PATHOLOGY OF THE HEART 



AORTIC 

SEMILUNAR VALVES 

fbslerior R. Posterior, 
(non-coronory) 
LMlenor LRwfenor 
RAnlenor Anterior. 

PULMONARY 
^MILUtW^ VALVES 

L Rssterior ftjstenor 
R.R»tefior RAntenor- 
LAntenor- 


^ HEART REMCA/ED 



HEART IN BOCV 


Figure III-13. Diagrams showing ihe bases for the Hvo common systems of naming the 
semilunar valves. A, based on a removed heart onented with its ventricles to the right and 
left of the septum. Tins is the B \.A. system. B shows the names of the cusps, based on 
their relative positions with the heart tn situ in the adult ihorat. Tliis is the I.X.A. system. 


nary trunk are named right anterior, left 
flijfcrior, and posterior (Figure III-13B). 
However, if tlie heart is removed from the 
body and held so that the ventricular septum 
forms its median plane, the pulmonarj' trunk- 
lies almost directly ventral to the aorta, and 
the valves of tlte pulmonary trunk are named 
right posterior, left posterior, and anterior; 
while those of the aorta are named right an- 
terior, left anterior, and posterior or noneoro- 
nary (Figure III-13A). This htter terminol- 
ogy, although not consistent ss'ith the axes 
used in naming some other regions of the 
lieart, is convenient in that it corresponds to 


the naming of the right and left ventricles, 
and the right and left coronarj' arteries. It is 
also the more logical from a developmental 
point of view. 

The aortic semilunar valves are stronger 
than those of the pulmonaiy- trunk, as might 
be e.xpeeted from the higher pressure in the 
aorta. Opposite these aortic semilunar valves, 
the aortic svall bulges out into three corres- 
ponding dilations, cidled the aortic sinuses 
(sinuses of Valsalva) (Figure 111-22). The 
right and left coronar)- arteries arise from the 
upper part of the right and left aortic sinuses, 
respectively (Figure III-J9). 


THE BLOOD VESSELS OF THE HEART 


Coronary Arteries. Tlie left coronary artery 
arises in the wall of the left sinus of Valsalva 
and runs laterally and ventrally between the 
root of the pulmonary trunk and the left atri- 
um. After a short distance it branches into 
two vessels, tlie anterior descending branch, 
which courses caudally in the anterior longi- 
tudinal sulcus to reach tlie apex of the heart, 
and the circumflex branch, which savings 
around the base of the left atrium, in the coro- 
nary sulcus, to reach the diaphragmatic sur- 
face of the heart (Figure III-14). In its course 
the anterior descending branch sends per- 
forating rami into the substance of the inter- 
ventriailar septum and into the adjacent ven- 


tricular myocardium. The circumflex branch 
gives off a ramus which runs dow-n o\er the 
margo obtusus toward the apex of tlie heart, 
and also sends off many other smaller arteries 
to supply the root of the aorta, left atrium, 
and left x-entricular wall. To the left of the 
posterior longitudinal sulcus, adjacent to the 
coronary sinus, the circumflex branch anasto- 
moses wath small arteries from the right coro- 
nar>' arter>' (Figure III-16). 

The right coronary artery arises from the 
right aortic sinus and passes laterally in the 
groove behveen the pulmonaiy' cone and 
tlie right atrium (Figure III-15). It then 
sweeps, in the coronar)- sulcus, around the 
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;e of the right atrium to reach the posterior 
gitudinal sulcus. At this point it divides, 
iding a large branch along the length of 
; posterior longitudinal sulcus which is 
jwTi as the posterior descending branchy 
i a smaller branch to anastomose, adjacent 
the coronary sinus, with the circumflex 
inch of the left coronary artery (Figure 
-16). The first ventricular branch of the 
ht coronary artery passes to the musciila- 
e of the pulmonary cone. This has been 
jorted to arise independently from the right 
us of Valsalva in one-half of a series of 
alt hearts ( Schlesinger, Zoll and Wessler, 
49). In its course the right coronary ar- 
y gives off two sizable branches, one to 
a along the margo acutus, the right mar- 
ifll, and another to pass over the ventral wall 
the right ventricle, the preoentricular (Fig- 
? III-14). It also gives off smaller branches 
supply the roots of the aorta, the pulmonary 
ink, and the right atrium. A small but con- 


stant branch passes between the right auric- 
ular appendage and the superior vena cava 
to course along the sulcus terminalis. This 
branch is of importance since it lies along the 
axis of the sinoatrial node. The posterior de- 
scending branch gives off perforating rami to 
supply the muscle of the interventricular sep- 
tum and the adjacent ventricular walls. 

The study of the terminal branches of the 
coronary arteries of tlie human heart b>' 
means of gross dissection, even of well-in- 
jected specimens is laborious and necessarily 
Incomplete. In recent years a method has 
been devised in which the coronary arteries 
are injected with a radiopaque medium. Fol- 
lowing this inj'ection the heart is cut and “un- 
rolled” or flattened out, so that a roentgeno- 
gram may be made of the entire arterial 
pattern of the walls of both ventricles and part 
of the atria. The interventricular septum may 
be cut free at its attached borders and photo- 
graphed on the same \-ray film to give a com- 
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Figure 111*15. Ventral >-iew of heart, with epicanlium imio'ed to expose the injected coronary vessels. 


plete picture of the arterial supply of the 
entire ventricular myocardium (SeWesinger, 
1938; Salans and Tweed, 1947). Such studies 
show that adult human hearts vary’ consid' 
erably with respect to the relative distribu* 
tion of the branches of the right and left coro* 
nary arteries. Hearts may be classified into 
one of three groups, according to wliether 
the right or left coronary' arteries predomi* 
nate. Group I consists of hearts in whidi the 
right coronary predominates; in Group II 


the right and left coronaries are balanced in 
distribution, and in Group III, tlie left coro- 
nary’ is dominant. In a study by Schlesinger 
(1940), Group I made up 48 per cent of a 
series of 223 adult hearts; Group II, \rith a 
balanced circulation, made up 34 per cent; 
and the remaining 18 per cent fell in Group 
in, with a predominant left coronary artery’. 
It is of interest that the dominant artery sup- 
plied nearly' all of tlie musculature of tlie 
interventricular septum. 
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Coronary Veins. TJje coronary veins lie 
parallel to the branches of the coronary ar- 
teries and return the blood to the right atri- 
um by way of the coronary sinus. In general 
they lie in the fat-laden connective tissue of 
the epicardium, somewhat superficial to the 
arteries. 

The great cardiac vein originates in the 
epicardium of the anterior longitudinal sulcus 
(Figure III-14). When it reaches the coro- 
nary sulcus it swings dorsally and, within 
it, courses around the base of the left atrium 
in company with the circumflex branch of tlie 
left coronarj' artery. It empties into the distal 
end of the coronary sinus beneath the left in- 
ferior pulmonary vein (Figure III-16). At 
this point there is usually a pair of valves. 
In its course it receives from the walls of the 
left atrium and ventricle tributaries, most of 


which are guarded by valves at tlieir points 
of confluence with it. 

Tire middle cardiac vein runs in the pos- 
terior longitudinal sulcus in company with 
the posterior descending branch of the right 
coronary artery. It receives blood from the 
septum and the ventricular walls and empties 
into the coronary sinus near the opening of 
the coronary sinus into the right atrium. Its 
orifice is usually guarded by a single valve. 

Tlie small cardiac vein lies in the coronary 
sulcus at the base of the right atrium. Through 
much of its course it parallels the right coro- 
nary artery. It recei>'es tributaries from the 
walls of the right atrium and ventricle and 
empties into the coronary sinus near its en- 
trance into the right atrium (Figure III-16). 

The posterior vein of the left ventricle runs 
over the dorsal aspect of the ventricle to 
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Figtire 111-16. Dorsocaudal slew of the heart with the epicardium removed to expove the 
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Figure 111-17. Sclieniittic plan indicating the intcrrcblions of the various vascular cluanneh 
supplying the walls of the Jicart. (Developed in collaboration with Dr. Richard Ucata.) 


empty into the coronary’ sinus near Hs distill 
end. There are similar small unnamed veins 
draining (lie diapJiragmatic surface of the 
left ventricle and discharging into the coro- 
nary sinus. 

The anterior cardiac veins lie on the ven- 
tral aspect of the right ventricle, and emptj’ 
either into the small cardiac vein or directly 
into the right atrium (Figure IJI-14). These 
veins are often called the venae parvae of the 
heart. 

There is a small vein that passes down over 
the dorsal wall of the left atrium, lateral to 
the left pulmonary veins, and empties into the 
distal end of the coronary sinus. This is the 
oblique vein of the left atrium or vein of 
Afarshall (Marshall, 1850). It is highly vari- 
able in size, and represents the left common 
cardinal vein of the embryo (Figure 11-30). 
It is this vessel which is the terminal portion 
of a left superior vena cava, when such a 
vessel persists (see Figure VI-153, page 482). 


The coronary sinus lies in the coronary sul- 
cus along the diaphragmatic surface of the 
heart (Figure 111-26). Jt empties into the 
right atrium through an opening that is par- 
tially guarded by an incompetent valve flap, 
the thebesian valve (Figure III-8). The coro- 
nary- sinus, accompanied by the circumfle.v 
branch of the left coronary artery*, is em- 
bedded in the fatty connective tissue of the 
coronary sulcus. Its adventitia usually con- 
tains small spiralling fascicles of cardiac mus- 
cle that blend with those of the left atrium 
(Figure III-21 }. 

Tlie Intramural Circulation. The myocar- 
dium is richly supplied with small vascular 
channels. There is an extensive web of capil- 
laries whicli course among the cardiac muscle 
fibers and lie in intimate contact with them. 
“ITiese capillaries are fed bv* brandies of the 
various coronary* arteries, and are drained in 
part by the coronary veins wliose epicardial 
pattern has been described above. Hnwev-er, 
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there is a peculiarity of the intramyocardial 
circulation which deserves particular atten- 
tion. Careful injection studies show that there 
are anastomosing vessels which run between 
adjacent brandies of the same coronary ar- 
ter>’, betu'een branches of tlie right and left 
coronary arteries, between the coronary ar- 
teries and the coronary veins, and between 
branches of the coronary veins (Figure III- 
17) (Schlesinger, 1938, Gross, 1921, Prinz- 
metal cf al., 1947, 1948). It seems probable 
that in the normal heart of a young person 
these anastomoses are small, since it is well 
known that in case of sudden occlusion, 
branches of tlie coronary arteries behave as 
end arteries and their occlusion leads to in- 
farction of the myocardium. Neverllieless, 


these anastomoses are capable of gradual en- 
largement, and in many hearts may be found 
to be functionally of significant caliber. In 
addition, the intramyocardial vascular pattern 
exhibits another peculiarity: there are chan- 
nels which pass from the arterioles, from tlie 
capillarj' bed, and from the coronary veins 
directly into the lumen of the heart (Figure 
111-18). Tliese venous connections with the 
cardiac lumen have been described for many 
years as the thebesian veins (Thebesius, 
1716). The connections between the coronary 
arteries and the cardiac chambers, called 
nrtcrio-luminal vessels, have been found more 
recently (VVearn, 1928a; Wearn et al, 1933). 
Since the walls of the ventricles are thrown 
into trabeculae, these arterio-luminal vessels 
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may empty either at the surface of the Ira- 
beailae or, as is more usual, into the inter- 
trabecular spaces. 

Tile arterio-luminal vessels liave the histo- 
logic characteristics of \'enous channels when 
they pass through the endocardium. Al a 
V'ariable depth wthin the myocardium they 
acquire the muscufar coat fjpical of an ar- 
ter>’. Accordingly, these arterio-luminal ves- 
sels may reasonably be regarded as venae 
minimae cordis (thebesian veins) which are 
connected direcflj’ to tlie coronary arteries by 
means of arterio-venous anastomoses of ar- 
teriolar caliber. 

Deep within the myocardial musculature 
there is, in addition to the capillars' bed 
(Weam, 1928b), a richly anastomosing net- 
work of thin-walled irregular channels which 
have been called iinjocan/ial sinusoids. Tliesc 
sinusoids receive vessels from the coronar>’ 
arteries and the capillaries, and communicate 
with the coronarj’ veins. From their develop- 
mental historj', these myocardial sinusoids 
may be regarded as intertrabecular spaces of 
much reduced caliber. If they are so re- 


garded, their interconnections with the coro- 
nary vessels and their continuity at the same 
time witJj the intertrabecular spaces of the 
lumen of the heart are reasonable and con- 
sistent Figure IIM8 shows these interrela- 
tionships in schematic form. 

The Lymphatics. There are two networks 
of Ivimpliatics in the heart, one in the endo- 
cardium and the other in the epicardium. The 
endocardial network drains through channels 
in the myocardium into the bmiphatics of the 
epicardium. Tlie ep/cardral mes?n^'ork of 
channels, containing many valves, drains to- 
ward the atrioventricular sulcus by means of 
several longitudinal channels which run for 
the most part parallel to the coronarj' veins 
in the anterior and posterior longitudinal sulci 
of the ventricles. Tliesc trunks unite and 
course in the coronar>' sulcus to the region 
of the root of the pulmonarj’ tnmk. Thence 
t])e\' pass along the dorsal aspect of this trunk 
and leave the pericardial easily to empty into 
one of the bronchial I>'mph nodes and join 
the Is'mphatic drainage sj’stem of the medias- 
tinum. 


THE FIBROUS FRAiMEWORK OF THE HEART 


The Annuli Fibrosi. In the adult heart, the 
atrial myocardium is completely separated 
from that of the ventricles, except for their 
connection by way of the main atrioventric- 
ular conduction bundle (bundle of His). Tlie 
material which effects this separation consists 
of a fibrous framess’ork svhich at the same 
time gives attachment to the atrial and s’en- 
tricular musculature. This fibrous framesvork 
(cardiac “skeleton," or fibrous base) of the 
heart is formed essentially by four rings of 
densely woven, collagenous fibers and the 
connective tissue which holds them in their 
characteristic relationship to each other. These 
rings, called the annuli fibrosi, surround the 
tu’O atrioi'entricular ostia, Uie aortic outlet 
from the left ventricle, and the outlet of the 
pulmonary' trunk from the right ventricle. 
These annuli not only ser\’e as bases for the 
insertion of the atrial and ventricular muscu- 
lature, but also constitute the lines of attach- 


ment of Uie mitral, tricuspid, and semilunar 
valves (Fibres lJI-21, III-22, and IJf-24). 
Throughout most of their circumference, the 
annuli fibrosi encircling tlie atrioventricular 
ostia are in the form of compact rings of 
fibrous tissue of relali\’ely small cross-sec- 
tional area. Tlie aorb'c and pulmonary annuli, 
however, are essentially short, robust tubes 
rather than rings (Figure III-19). Tlie semi- 
lunar valves are attached to tlie distal margins 
of these tubular annuli. Tlius each annulus is 
scalloped, matching tlie contours of the bases 
of the semilunar valves. The aortic and pulmo- 
nary' annuli can be visualized as resembling 
three-pointed royal croums. The pulmonary 
annulus is attached to the aortic by a mod- 
erately distinct band of heavy' fibers, called 
the conus ligament 

The Fibrous Triangles. The fibrous frame- 
work of the heart is most massive in the space 
which is bounded by the right and left atrio- 
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ventricular annuli and the aortic annulus. This 
area is called the right -fibrous trinngfe or tri- 
gone (Figure 111-19). The left fibrous triangle, 
smaller than the right, lies in the angle be- 
tween the aortic and the left atrioventricular 
annuli. It is the dense fibrous tissue of the 
right fibrous triangle that with increasing age 
may acquire an almost cartilaginous character 
reminiscent of the cartilage and bone that 
develop in this region of the hearts of some 
ungulates. Tlirough the riglit fibrous triangle 
passes tl)e only normal connection between 
the atrial and ventricular musculature, the 
atrioventricular conduction bundle. 

The Septum Membranaceum. That part 
of the wall of the aortic outlet from the left 
ventricle which extends from the muscular 
interN’entricuIar septum below, to tlie bases 
of the noncoronary and right anterior cusps 
of the aortic semilunar valves is distinguish- 
able by its thin, nonmusailar character, and 
is called the septum memhr/uweeum (Fig- 
ure III-IO). This septum is formed of densely- 
woven, collagenous fibers and has essentially 


the same histologic character as the annuli 
fibrosi. Tlie line of attachment of the septal 
leaflet of the tricuspid valve courses obliquely 
across the right face of the septum mem- 
branaceum, dividing it into two parts (Fig- 
ures III-ll and III-25). The part which 
lies below the attachment of the valve sep- 
arates tlie right from the left ventricular cav- 
ities. For this reason it is called the interven- 
tricfiler part of the septum membranaceum. 
Tile portion of the septum membranaceum 
that lies above the valve attachment separates 
the right atrium from the left ventricle and 
is called its atrioventricular part (Figure HI- 
22 ). 

Thus the septum membranaceum lies in a 
plane that is essentially at right angles to the 
plane of the right and left atrioventricular 
annuli fibrosi (Figure III-20). When viewed 
from above, as in Figure 111-19, the septum 
membranaceum is seen on edge, and forms 
the right anterior corner of the riglit fibrous 
triangle. Tlie term "right fibrous triangle” is 
misleading since the area thus designated 
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appears triangular onl)' W'hen seen directlj' annuli fibrosi, the aortic annulus fibrosus, and 
from above, It actually represents a fusion llie septum membranaceum. 
between the right and left atriov'enlriciilar 

THE HISTOLOGY OF THE HEART 


The Endocardium. All the cavities of the 
heart are lined with a simple squamous epi- 
thelium called endothelium. This delicate 
lining is supported by a layer of fibxoelastic 
connectiv'e tissue. Tlie endothelium and its 
subjacent connective tissue make up the 
endocardium. Tlie connectiv’e tissue of the 
endocardium tends to be differentiated into 
a subendolhelial layer of delicate collagenous 
fibers and a deeper laj-er with abundant clastic 
fibers. In it are found a few blood and lymph 
capillaries and the vessels connecting the 
intra-myocardial channels with the lumen of 
the heart, such as arterio-luminal vessels and 
the venae minimae cordis. A rudimentan’ 
layer of smooth muscle can often be found in 
the endocardium of both atria and ventricles. 
Tlie endocardium of the atria is markedly 
thicker than that of the ventricles (Figures 
III-21 and It usually contains some- 


what more smooth muscle although, even in 
the atria, the amount of smooth muscle is so 
small as to be of questionable functional sig- 
nificance. In the region of the base of the 
heart the endocardial connective tissue is con- 
tinuous with the fibrous framework (Figure 
ni-21). 

The Myocardium. Tlie myocardium of the 
heart wall consists of cardiac muscle and its 
supporting connective tissue. 77ie fibers of 
the atrial myocardium are attached to the 
annuli surrounding the two atrioventricular 
ostia (Figures 111-21 and III-22). Tlie more 
superficial of these fibers either encircle both 
atria or enter the interatrial septum to form 
a figure-eight pallem about both atrial cav’- 
ities. Hie deeper fibers arc attached to onlv’ 
one annulus and encircle one atrium only. 

Hie ventricular myocardium is complex 
in arrangement. It consists of interwoven 
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bundles and bands of muscle fibers which are 
partially separated from each other by fibro- 
elastic connective tissue, and are distinguish- 
able by their orientation (Robb and Robb, 
1942). In general, the fiber-bands of the layer 
nearest the endocardium have a course almost 
at right angles to that of the most superficial 


fiber- bundles of the same area (Figure III- 
24). The intervening fiber-bundles exhibit all 
degrees of intermediate obliquity. All of these 
bands of cardiac muscle arise from, and in- 
sert into, the fibrous framework of the heart. 
Their attachment for the most part is directly 
into the fibrous base of the heart. Certain 



Figure 111-21. Projection drawing (X8) of a section through the dorsolateral wall of an 
adult human heart. The section passes through the coronary sulcus and sliows the left 
atrial wall above and the left ventricular wall below the dorsal (posterior) leaflet of the 
mitral vals'e (cf. Figures III-IO and III-IB). Tlie section vs'as taLen far enough dorsally 
to pass through the coronary sinus rather than the great cardiac vein (cf. Figure I1M6). 
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fiber-bundles, however, may attacli to the 
fibrous slceleton of the heart indirectly by 
means of the chordae tendineae and atrioven- 
tricular valves. Tlie cardiac muscle fibers are 
invested by a layer of delicate reticular and 
collagenous fibers which make up the cndo- 
mysium. The groups of muscle fibers are par- 
tially set apart from adjacent bundles by 
more dense layers of fibroelastic connective 
tissue called the perimysium. This perimysial 
connective tissue is continuous with the endo- 
m\ sium, and its fibers blend with those of the 
endocardium and the epicardium to weld 
the heart wall into a coherent unit. It is in the 
perimysium and the endomysium that one 
finds the network of blood and lymph capil- 
laries and the myocardial sinusoids which 
have been described (Figure 111-18). In rou- 
tine preparations, most of the smaller blood 
channels of the myocardium are not filled 
with blood. It is, therefore, difficult to appre- 
ciate the extraordinary richness of the finer 
vessels unless special efforts have been made 
to inject them before fixation. 

The individual muscle fibers arc branched 
and anastomose to such a degree (Figure III- 
28) that it is meaningless, either morpho- 
logically or physiologically, to attempt to state 
their length. Tlieir diameter varies, that of 
fibers of the typical ventricular myocardium 
averaging about 12 micra in fixed material. 
The surface layer of the fiber Is a delicate 
membrane called tbe sarcolemma which is in 
immediate contact with the endomysium. 
Within the sarcolemma is the sarcoplasm serv- 
ing as a matrix for myofibrils. These myofibrils 
are coarse and give the cardiac muscle fibers 
a longitudinally fibrillated appearance. Tlie 
myofibrils tend to clump together in fixed ma- 
terial so that in cross-section the muscle fibers 
tend to show a cart-wheel pattern. The myo- 
fibrils are not optically homogeneous, but ex- 
hibit dark (anisotropic) and light (isotropic) 
areas along their lengtli. These areas tend to 
line up across the diameter of the fiber, giving 
it a cross-striated appearance. There are also 
thin bands, particularly well-stained >\ilh iron 
hematoxylin, which run across the muscle 
fibers either straight or in a step-wise man- 
ner. Tliese are the intercalated disks. It yens 


formeily the concensus that these structures 
did not represent the boundaries between 
separate cells and that cardiac muscle, there- 
fore, was to be regarded as a true syncytium. 
Recent studies with the electron microscope, 
however, seem to indicate that tbe inter- 
calated disks may well represent modified cell 
boundaries. These same studies show an 
anchorage of the individual myofibrilli to 
either side of the intercalated disks. 

The conduction system of the heart is 
formed from cardiac muscle fibers which 
differ somewhat in their detailed structure 
from the “typical" muscle described above. 
Tlie histology of these fibers will be con- 
sidered later, after the course of tbe conduc- 
tion system has been discussed. 

Auricles. Tbe structure of the thin-walled 
auricles (auricular appendages) of the two 
atria show striking differences from that of 
the typical atrial wall. Tlie bulk of the auric- 
ular myocardium is arranged in relatively 
large trabeculae, called pectinate muscles, be- 
cause of their vague resemblance to the ridged 
pattern of a scallop shell. The myocardium 
between these trabeculae is extremely thin. 
In some areas It Is In the form of a loose net- 
work of anastomosing bundles of cardiac 
muscle. Through the interstices of this net- 
work there is continuity between the connec- 
tive tissue of the endocardium and the epi- 
cardium. The lumen of the auricles is lined 
with endocardium which usually has the 
thickness typical of that of the atrium, in dis- 
tinction from that of the ventricles. Tlie epi- 
cardium is composed of relatively fine fibro- 
elastie connective tissue, containing variable 
amounts of fat. In this epicardial tissue course 
the small coronary arteries and veins supply- 
ing the auricular wall. One striking charac- 
teristic of the auricles is that these epicardial 
vessels can be seen to communicate directly 
with the intertrubecular spaces between the 
pectinate muscles. Tliis communication is by 
means of endothelially lined channels that 
pass through the spaces in the network of 
myocardial bundles of the wall (Figure HI- 
SS). Thus there are relatively large artcrio- 
htminal and s’eno-Iuminal channels in the 
auricles. Tin’s configuration is strongly remi- 
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Figure in*24. Diagrams illustrating scliematicftny tl»e courses followed by some of tlie major groups of 
ventricular muscle-fibers. (Based on lire work of MacCallum, and Tandler, and on original dissecbons. 
From Morris’ Human Anatomy, cotrrtesy of The Blaliston ^mpany, Philadclplti.i. ) 

Tlie background of each diagram is a posterior view of the heart drawn as a semitransparent ob- 
ject. The directions followed by the jmiscle fibers arc indicated by red lines which are solid on the 
side toward the observ’er and broken on the side away from (he observer or where (hey lie deep 
in the interv'entrinilar septum. A- Fibers starting superficially from tlie left atnoventneukir annulus 
and ending in the right ventricle. B. Fibers starting superficially from the right atrioventricular an- 
nulus and ending in tlie left ventricle. C. Three groups of deep fibers: l-I, fibers with a course 
primarily within (lie right v'entricles; 2-2, fibers common to the deeper layers of both ventricles; 30, 
fibers partly within the deeper layers of the ventricular walls but terminating in tbe septum. D. Fibers 
passing through the septum ami making a double spiral in the walls of the left ventricle. 
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niscent of the embryonic condition described 
in Chapter II for the developing ventricular 
wall. 

Anotlier peculiarity found in the auricular 
wall is that a large amount of the myocardium 
is made up of atypical cardiac muscle fibers 
that have the characteristics of Purkinje fibers 
(Figure III-23). It should be emphasized 
that tliese fibers have no known functional 
relationship to the sinoventricular conduction 
system as it is understood at the present time. 

The Eptcardium. The face of the heart wall 
which abuts on the pericardial cavity is cov- 
ered by mesothelium, a simple squamous or 
cuboidal epithelium. Tliis, with a subjacent 
layer of fibroelastic connective tissue, consti- 
tutes the epicardium (visceral pericardium). 
The connective tissue of the ventricular epi- 
cardium contains a considerable amount of 
fat, particularly in the region of the sulci and 
around the larger vascular channels which lie 
over the surface of the ventricles. It is con- 
tinuous \vith tlie connective tissue forming the 
serosa of the great vessels entering and leav- 
ing the heart. The deeper layer of the epi- 
cardial connective tissue is continuous with 
the perimysium of the myocardium, except 
where it blends with the dense fibrous tissue 
of tlie annuli fibrosi (Figure III-21). In re- 
gions where there is no mesothclial layer, such 
as between the reflections of the pericardium 
(Figure 111-6), the epicardial connective tis- 
sue is continuous xWth tliat of the mediasti- 
num. The epicardium of the atria is, in gen- 
eral, thinner than that of the \'entricles, and 
contains relatively few, small, coronary ves- 
sels. In such thin-walled areas as the auricles, 
the epicardium consists of a strikingly com- 
pact thin layer of coarse collagenous fibers 
with but few elastic fibers and sparsely scat- 
tered areas of fat (Figure III-23). 

Tlie Valves of the Heart. All the valves of 
the heart hav’e essentially the same basic 
structure. Tliey consist of a fold of endo- 
cardial connective tissue covered by endothe- 
lium. The connective tissue is differentiated 
into two main layers, one associated with each 
face of the valve. As a convenience in de- 
scribing valves of the type encountered in the 
cardiovascular system, they may be said to 


have a “holding face” and a “deformed face.” 
Tlie term “holding face” is used to designate 
the face of a valve against which pressure 
builds up \vhen the ^^^lve is closed. The fibers 
which predominate in the connective tissue 
layer of the holding face are coarse colla- 
genous bundles which afford the maximum 
strength. Since the denseness of the colla- 
genous lamina makes the holding face rela- 
tively incompressible, the opposite face of tlie 
valve must be stretched as the valve opens 
and closes. It is, for this reason, called the de- 
formed face. The connective tissue of tlie 
deformed face of a vah'e has feii’er and 
smaller collagenous fiber-bundles and a con- 
spicuous proportion of intenvoven elastic 
fibers. In the case of the atrioventricular 
valves the holding face is toward the ventric- 
ular cavity, and into tlie dense white fibrous 
layer constituting it are inserted the colla- 
genous fibers of the chordae tendineae. The 
endothelial co\’ering of these chordae is con- 
tinuous witli that cos’ering the ventricular sur- 
face of the valve (Figures 111-21 and III-22). 
The fibrous layers of the valve are continuous 
m'lli the fibrous frameu’ork of tlie heart. Tlie 
continuity of the fibers of tlie holding face is 
particularly intimate, giving tlie valve a strong 
attachment. Tliere may be small amounts 
of atrial muscle projecting for a short dis- 
tance into the base of the atrioventricular 
valves. 

Tlie holding face of the semilunar \-alves is 
toward the lumen of the aorta or the pulmo- 
nary trunk. These valves have no chordae ten- 
dinene, and depend for their strength on the 
intimate fusion of their densely-woven lami- 
nae with the annuli fibrosi (Figure III-22). 

The atrioventricular valves from hearts of 
older persons often are quite riclily x’jscular- 
ized (Bajme-Jones, 1917). However, since 
this vascularization is found most often in 
hearts of persons with a history of previous 
endocarditis, and since the valves from hearts 
of young healthy persons show but a few vcr>' 
small vessels, it seems probable that markedly 
\'ascularized atrioventricular valves are not to 
be regarded as normal, but as tlie result of 
previous pathologic change (Kugel and Gross, 
1926, Weam ct ai, 1936; Koletsky, 1946). 



STRUCTURE OF HEART 


123 


THE SINOVENTRICULAR CONDUCTION SYSTEM 


The embryonic myocardium possesses tluree 
fundamental properties: inherent rhytlimicity, 
conductivity, and contractility. The myocar- 
dium of the adult heart has differentiated 
functionally along these three lines. There is 
the tissue making up the nodes of the con- 
duction system which is specialized along the 
lines of inherent rhythmicity. The muscle 
making up the bundle of His, its branches, 
and the so-called Purkinje fibers, is specialized 
for rapid conductivity. The “typical” muscle 
forming the greater part of the myocardium 
of the atria and the ventricles seems to have 
been specialized in contractility. In spite of 


their characteristic specialization in one prop- 
erty, all of these types of heart muscle possess 
all three of the above basic properties in some 
degree. 

The histology of “typical” cardiac muscle 
has already been described. In contrast with 
it, we may characterize the other types of 
myocardium as “atypical” since, although they 
possess the basic characteristics of cardiac 
muscle, these characteristics differ quantita- 
tively and qualitatively from their counter- 
parts in tjqiical cardiac muscle. As will be 
shown later, the tissues regarded as atypical 
cardiac muscle differ among themselves as 
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I'tsiite 11I-25. Schematic diagram of heart opened frontalfy; nith the Incatinit ami relatiam of the texeral 
p.ul’! of tlie sino%enfnciilar conduclion indicated in r«l. This figure should Iv coiup.ircd wilh the h-« 

scliem.iUc siews from the ri^t (Figure 11I-2G) and from the kfl (Figure III-27). 
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Figure 11I-26. Siniplin»l diagram of the heart o|>cned from the nglil ar So F/gurc Ill-S, to show the loca* 
tion of the sinoNcntn^iibr eundiution N>«tem. Where this Iismic lies stihcndocardially, it is sitown in Solid 
hlack, \sherc It Les deep within the m>oeardiiim. it le indicated hy broken linos. 


to their microscopic structure. To a certain 
extent the atj'pic.il cardiac muscle of tlic 
conduction system shous some of the morpho* 
Jogiv chaxacfcrJs/Jcs emivy-’cvjJc rr>yocor~ 
dium. It must be emphasized, however, that 
with this apparent structural simpliciw is as- 
sociated a high degree of physiologic special- 
ization, as indicated, /or example, by its high 
rale of propagation of impulses. 

Tlie contraction of the heart is initiated in 
a mass of nodal tissue lying near the inlet of 
the superior vena cava. This is the sinoatrial 
node (Figures III-25, and III-26), derived 
from a portion of the myocardium of the riglit 
hom of the sinus x'^enosus of the embiy'onic 
heart (Figure II-3S). On the basis of present 
evidence, the excitatory’ impulse is believed 
to spread thence over the typical cardiac 
muscle of the atrium to a second mass of 
nodal tissue. This is the atrioventricular node, 
lying in the floor of the right atrium. %Wien 
isolated experimentally’, it has a rate of in- 
herent rhy’thmicity tliat is slower than that of 
the sinoatrial node but higher than that of the 


myocarditim in general. In the intact heart 
it follows the pace of the faster pulsating sino- 
atrial node. From the atrioventricular node 
/Jjf impifbe passes xdrtog iJbe fllim of i}fe 
atrioventricular bundle or bundle of fits, 
wliich conducts ten times as rapidly' as dcjes 
the typical cardiac muscle of the ventricle 
(Wiggers, 1923), The bundle of His p/erfres 
the Bbrous base of the heart and normally 
forms tlie only' my’ocardial connection be- 
tween the atrium and the x'entriclo. At the 
crest of the muscular portion of the intervem- 
tricular septum the bundle of His sends 
branches to the right and left ventricles (Fig- 
ure ni-25). At the end of the ramifications 
of these branches the fibers attain a diiferent 
histologic character and are know-n as Pur- 
kinje fibers. Tliese fibers are continuous vrith 
the typical cardiac muscle fibers, and pass the 
excitation wave on to tliem. Tire entire cotd- 
plex of atypical cardiac muscle which is con- 
cerned witli the propagation of cardiac con- 
traction is known as the sinoucntrfcii/<ir 
conduction system. 
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The Sinoatrial Node. As indicated in llie 
preceding section, the sinoatrial node lies in 
the wall of tlie right atrium in the region of 
the sulcus terminalis between the riglil atrinm 
proper and the sinus venarum (Figures III- 
25 and 111-26). It is roughly carrot-shaped 
and consists of a main mass in the deep part 
of the crista terminalis near the entrance of 
the superior vena cava, with a prolongation 
coursing at least 2 cm. caudally along the 
sulcus terminalis. It is supplied by a constant 
small branch, usually of the right coronary 
artery, which reaches the sulcus terminalis 
by passing through the notch between the 
superior vena cava and the right auricular 
appendage (Figure 111-14). This artery is a 
useful landmark in locating the sinoatrial node 
since it lies embedded along the axis of the 
nodal tissue. Some workers have reported 
cephalic extensions of nodal tissue that i>ar- 
tially surround the dorsal and lateral aspects 
of the orifice of the superior vena cava. 

Histologically the atypical cardiac muscle 
which makes up the sinoatrial node consists 
of delicate fibers varying between 2 and 7 
micra in diameter, loosely intenvoven into a 
snarl of anastomosing strands (Figure III- 


28). These fibers are less strongly cross- 
striated than are those of the typical myo- 
cardium, and they possess fewer myofibrils. 
They can be seen to be continuous witli the 
typical myocardial fibers of the adjacent atrial 
wall, and the transition beh^’een the t\vo is so 
gradual that no sharp line of demarcation can 
be established. 

Atrioventricular Node. A second mass of 
similar nodal tissue is found in the floor of 
the right atrium, to the left of the coronary 
sinus and adjacent to the base of the inter- 
atrial septum immediately above the right 
fibrous triangle. This is called the atrioven- 
tricular node (Figures 111-22 and 111-26). 
Except where they extend into the atrioven- 
tricular bundle, its fibers are continuous with 
those of the atrial myocardium without defi- 
nite line of demarcation. The histologic struc- 
ture of the atrioventricular node is essentially 
that of the sinoatrial node, except that the 
former is more compactly arranged and the 
fibers are slightly thicker, ranging from 3 to 
H micra in diameter. 

The Atrioventricular Bundle. At one point 
on its inferior margin the fibers of the atrio- 
ventricular node gradually become aligned 



Figure 111-27. Simplified di.igram of ihe heart opened from the left, as in Figure III-IO. The solid hlatk 
inchcatcb the ixrsition of the left branches of the atriovciitricul.ir bundle (of lli»). 
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C. Ven+ricular muscle D. Purkinje fibers 


Figure III-2S. Drawjngs (X600) showing the characterislic JiisloJogy of %arious parts of tlie 
sinoventricular conduction system. 

A. Sinoatnal node (partly after Blair and Davies, 1935). A portion of tlie wall of the 
small artery that characteristically hes in the nodal hssue is included, lower left. Note the 
slender strands of nodal muscle in its adventiba 

B. Alnoventncular node (partly after Blatr and Davies, 1935). Note tlie strikingly irregu- 
lar arrangement of the myofibrils at some points of brandling of the fibers. This is suggesb'se 
of conditions seen in early stages of histogenesis of cardiac muscle. (Cf. Figure 1I-6B.) 

C. Typical ventncular muscle, drawn to the same scale for comparison. 

D. Fibers of the so-called Purkinje type. These are found in their most characteristic fonn 
in the terminal ramifications of the conduebon bundles close under the \ entncular endocardium. 
Where Purkinje fibers diverge from the edges of a branch, their direct conbnuily with typical 

ventricular muscle may frequently be seen (upper right). 
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and emerge from the node to form a single 
fascicle known as the atrioventricular bundle 
(bundle of His). This bundle pierces the 
right fibrous triangle (Figure III-I9), courses 
along the caudal edge of the septum mem- 
branaceum (Figure 111-26), and thus comes 
to lie along the apical edge of the muscular 
portion of the interventricular septum (Fig- 
ures 111-11 and III-22). This bundle of atyp- 
ical myocardial fibers is somewhat isolated 
from adjacent cardiac muscle fibers by an in- 
vestment of connective tissue. According to 
Mahaim (1931) and Davies and Blair (1935), 
the fibers of the atrioventricular bundle have 
essentially the same histologic characteristics 
as those which form the atrioventricular node 
( Figure III-28), except that they are arranged 
more nearly parallel. In some persons, how- 
ever, there may be found in this bundle, fibers 
of considerably greater diameter which strik- 
ingly resemble the Purkinje fibers typically 
found more distally in the conduction system. 

The Left Branches of the Atrioventricular 
Bundle. At the apical edge of the septum 
membranaceum, the bundle of His is usually 
described as dividing into two branches which 
distribute to the right and the left ventricles. 
This division, however, is not dichotomous 
(Kistin, 1949), The left branch might better 
be described as a broad sheet of fascicles that 
sweep down over the left side of t!)e inter- 
ventricular septum, immediately beneath the 
endocardium, to reach the papillary muscles 
and lateral walls of that ventricle (Figure HI- 
27). According to Mahaim (1931), the first 
of these fascicles of the “left branch” may 
leave the bundle of His within a few milli- 
meters of the atrioventricular node. 

The Right Branch of the Atrioventricular 
Bundle. Tlie right branch is usually described 
as single, although some instances have been 
reported of an accessory fascicle leaving the 
bundle of His to distribute fibers along tlie 
more caudal side of the intert'entricidar sep- 
tum. Ordinarily the main right branch con- 
tinues the general course of the bundle of 
His. It may even be described as a continua- 
tion of that bundle after it has gi\’en off the 
last fascicle to the left. For descriptive pur- 
poses the right branch of die atrioventricular 


bundle may be divided roughly into thirds. 
Its proximal third courses" superficially, di- 
rectly beneath the endocardium, to the region 
of the crista supraventricularis where it loses 
its superficial position and plunges deep 
within the myocardium. The middle third 
may be regarded as beginning at this point 
and ending where the branch regains its sub- 
endocardial position (Figure III-26). Its dis- 
tal third is entirely superficial in position and 
fans out as branches to the anterior papillary 
muscle and to the rest of the right ventricular 
wall. When a moderator band is present, 
one of these fascicles of conduction tissue 
from the right branch lies within it (Truex 
and Copenhaver, 1947). Small fascicles from 
the bundle of His as well as from its two 
branches supply the musculature of the inter- 
ventricular septum. 

The fibers making up the proximal third 
of the right branch of the atrioventricular 
bundle usually have tlie same histologic char* 
acteristics as those making up the bundle 
itself. The middle third, which lies deep 
within the myocardium of the interventricular 
septum (Figure 111-26), is very small in di- 
ameter and its fibers are so similar to those of 
the adjacent cardiac muscle that it. is next to 
impossible to identify it by its histologic char- 
acter alone. When, in its distal third, the right 
branch regains its subendocardial position, it 
branches into broad fascicles whose fibers 
have characteristics which justify calling them 
Purkinje fibers. 

Purkinje Fibers. The fibers making up the 
left branches of the bundle of His and those 
of the terminal part of the right branch are 
about 18 micra in diameter. They have, to a 
certain extent, the characteristics described 
by Purkinje (1845) for some of the myocar- 
dial fibers in the subendocardial layer of the 
ventricles of ungulate hearts and, therefore, 
are called Purkinje fibers. Since they arc rich 
in sarcoplasm lliey stain lightly. They contain 
relatively few myofibrilli which tend to be 
peripherally arranged. Tlie striations of these 
sparsely distributetl myofibrilli give the Pur- 
kinje fibers n weakly cross-striated appear- 
ance. Tlie intercalated disks are readily recog- 
nizable. and behveen them the fibers tend to 
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bulge, so that they have a somewhat bloated 
appearance (Figure III-28). They usiially 
contain more giv’cogen than do the typical 
cardiac muscle fibers, although this cannot be 
demonstrated unless the autopsy material is 
exceptionally fresh. 

The Purkinje fibers may be seen to spread 
in fascicles over the subendocardial layer of 
the ventricles. It is not difficult to trace direct 
continuity between them and deeper-lying 
fibers of the typical ventricular myocardium. 
It seems reasonable that this direct continuity 
is the usual method of connection between 
the sinoventricular conduction system and the 
ventricular myocardium. 

For the sake of clarity, the use of the desig- 
nation "Purkinje fiber” should be confined to 
this particular U'pe of large, pale fiber. Much 
of the confusion that has arisen in discussions 
of the sinoventricular conduction system has 
been caused by the indisenminate use of the 
term ‘Turkinje tissue” to designate other parts 
of the sinoventricular conduction system to 
which it is not applicable, either historically 
or histologically. For similar reasons, the term 
“Purkinje system” should not be used to desig- 
nate the sinoventricular conduction system as 
a whole. 

An additional reason for restricting the term 

INNERVATION 

The heart receives a dual innervation from 
the sympathetic (thoracolumbar) and para- 
sympathetic (craniosacral) divisions of the 
autonomic nervous system. The preganglionic 
neurons of the sympathetic division are situ- 
ated in the upper five or six thoracic levels 
of the spina! cord. These synapse with second- 
order neurons which lie in the ganglia of the 
sympathetic trunks (White, 1936). The pre- 
cise termination of the postganglionic fibers 
on tlie heart is not definitely understood. 

The preganglionic neurons of the para- 
sympathetic nervous system lie in the dorsal 
efferent nucleus of the medulla. Their fibers 
pass as branches of the vagus ner>’e to the 
heart wall, where they synapse with the 
second-order neurons. Tlie latter collectively 
constitute a diffuse terminal ganglion. The 


“Purkinje fibers” to a purely mnrpliologic 
frame of reference is that one finds this pe- 
culiar {yi>c of fiber in regions of the myocar- 
dium where it bears no app.ircnt relationship 
to the sinoventricular conduction system as 
it is currently understood. For example, a 
striking percentage of the m>’ocardial fibcr.s 
of the auricles may have the morjiholog)- of 
Purkinje fibers (Figure III-23). In addition, 
one can find in the myocardium of the adult 
human heart, fibers that, in terms of diameter, 
vactiolization, and peripheral arrangement of 
myofibrilli, form essentially a complete spec- 
trum between “Purkinje fibers” and “tj'pical” 
cardiac muscle fibers. 

In \iew of the variability between indiWd- 
uals with respect to the types of fibers making 
up the sinoventricular conduction s>'stem, and 
the occurrence of Purkinje fibers in sucli lo- 
cations as the auricles, it is clear that much 
remains to be learned concerning the func- 
tional aspects of these atypical muscle fibers. 
At the present time we are not in a position to 
correlate the kmowm functional properties of 
the conduction system with specific physio- 
logic properties of tlie histologically distin- 
guishable t>pes of mj'ocardial fibers of xvhlch 
it is comprised. 
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gross arrangement of the sj’mpathetic (post- 
ganglionic) nerves and the parasy-mpathetic 
(preganglionic) nerves to the lieart is shown 
in Figiue 111-29. 

The superior and middle cervical ganglia 
give off, respectively, the superior and iniddle 
cardiac nerves, while the inferior cardiac 
nerve arises from the inferior cervical and 
perhaps the first thoracic ganglion. These car- 
diac nerves descend to the region of the as- 
cending aorta and arch of the aorta, around 
which they anastomose to form the cardiac 
plexus. Each vagus nerx’e contributes to the 
cardiac plexus by way of the stiperior and in- 
ferior cervical nerves and a thoracic cardiac 
branch, the latter usually arising from the re- 
current laryngeal ner\’e. 

The cardiac plexus may be divided, for de- 
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scriptive purposes, into a superficial and a 
deep portion. The superficial cardiac plexus 
is spread over the ventro-caudal surface of 
the arch of the aorta. It is formed chiefly by 
the inferior cervical cardiac branch of the left 
vagus nerve, and the left superior cardiac 
nerve of the sympathetic system. The small 
cardiac ganglion (of Wrisberg), when 
present, is associated with this plexus. It lies 
between the arch of the aorta and the pulmo- 
nary trunk, to the right of the ligamentum 
arterjosum (Figure III-29). 


The deep cardiac plexus lies dorsal to the 
ardi of the aorta, between it and the bifurca- 
tion of the trachea. It is formed by the three 
sympathetic cardiac nerves on the right, the 
three cardiac branches of the right vagus, the 
superior cervical and the thoracic .cardiac 
branches of the left vagus nerve, the middle 
and inferior cardiac nerves of the sympathetic 
trunk, and direct branches from the first five 
or six thoracic sympathetic ganglia. 

Tliere are extensions of the cardiac plexus 
over the atria, especially in the region of the 



from Morris’ Human Anatomij, cowrtesy of Julius Sprin^rr aixl The Blakiston Company.) . 
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sinoatrial node. Ramifications from it also arc 
present in the atrioventricular sulcus, extend- 
ing along the course of the right and left coro- 
nary arteries to form the right and left coro- 
nary plexuses. Scattered among these nerve 
fibers are ganglion cells which are believed 
to constitute the diffuse terminal ganglion of 
the vagus nerve. 

The nodes and bundles of the sinovenlrlc- 
ular conduction system are accompanied by 
numerous nerve fibers. However, the present 
consensus is that the function of the autono- 


mic nervous system, n'illi regard to the heart 
muscle, is regulatory. Insofar as they affect 
the heart rate, the s>’mpathetie fibers accel- 
erate, and the paMsvTnpathetic fibers slow the 
inherent rate of rhythmioitv’. 

Tliere are afferent nerve fibers passing from 
the heart to the central nervous system, pass- 
ing back along the course of the branches of 
the vagus and sxTnpathetfc already described, 
with the exception of the superior cardiac 
nerx'cs of the sympathetic division (Hirsch 
and Orme, 1947), 
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T here is now sufficient evidence to indi- 
cate that conduction In the mammaJian 
heart is myogenic ( Davies et al , 1^2, Patten, 
1956), although dissenting voices are still 
heard (Glomset and Glomset, 1940a, b, Glom- 
set and Birge, 1945, Field, 1951b; Bossi/ 1955). 
The exact manner of conduction, however, 
is only partly known. It is generally accepted 
that the impulse for conduction originates in 
the sinoatrial node, is transported through 
the atrial musculature to the atrioventiicvdar 
node and from there proceeds through the 
atrioventricular bundle, the bundle branches, 

HISTORICAL 

The method of initiation and propagation 
of the impulse in the mammalian heart has 
been subject to controversy for several cen- 
turies. Two schools of thought, the neurogenic 
and the myogenic, developed in the 19tli 
century. Tlie nevirogenic theory gained cre- 
dence earlier with the discovery of the ganglia 

ri 


and the peripheral Purkinje ramifications into 
the ventricular myocardium. The various 
structures possibly involved in this conduc- 
tion system will be discussed from the stand- 
point of anatomy in the human heart, com- 
parative anatomy and physiology in the mam- 
malian heart, and pathology in the human 
heart. Tliis varied discussion is necessary since 
many of the concepts in man are deri\’ed from 
the conduction system of other species. In 
order to aid in understanding the trodden as 
well as the untried paths, we shall introduce 
the discussion w-ith a brief historical note. 

PERSPECTIVE 

of Remak, Ludwig and Bidder in the frog’s 
heart, but Gasheli (1883), MclVilh'am (188.5), 
and Engelmann (1897) appeared to have es- 
tablished that concliictiiin in poikilotherniic 
animals is myogenic. Hou'ex'er, the myogenic 
theory appeared inadequate \\ fieii applied to 
birds and mammals, sintx; no muscuUr con- 

32 J 
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nections were known to exist between atria 
and ventricles in these classes of animals. 
This difficulty was overcome when His ( 1893 ) 
and Kent (1893} independently described 
such connections. In 1906, Tawara hypoth- 
esized the existence of a conduction system 
consisting of the atrioventricular node, bun- 
dle, bundle branches and the previously well 
known Purkinje fibers. Finally, in 1907, Keith 
and Flack described the sinoatrial node, and 
suggested that this was the pacemaker of the 
mammalian heart. 

Early in the 20tl) century intense physiologic 
studies were made to test the myogenic theory 
in mammals and the function of the compo- 
nent parts of the so-called conduction sj'stem. 
The work, especially by Erlanger (1908), 
Evster and Meek (1921) and Lewis (1925) 
favored the myogenic theory, and the work 
of Lewis and of Eyster and Meek led to the 
concept of conduction that is presently enter- 
tained. A modified concept of myogenic con- 
duction by Rylant (1931), however, still re- 
mains to be evaluated. At the same time, 
investigation into the pathology of the con- 


duction system was inaugurated, especially 
by Tawara (1906) and Monckeberg (1908), 
and led to the elucidation of the concept of 
heart block and the Adams-Stokes syndrome. 
Embryologic investigation likeuose kept pace 
with developments in other fields (Mall, 1912; 
Tandler, 1913; Stienon, 1925; Slianer, 1929- 
30, Sanabria, 1936, Walls, 1947; Patten, 1949, 
Field, 1951a; Muir, 1954). Comparativ’e anato- 
mists also tried to evaluate a possible conduc- 
tion system in poikilothermic vertebrates 
(Keith and Flack, 1907; Davies, 1942). 

Despite this progress in many fields, especi- 
ally in electrocardiography, equal strides have 
not been made in the knowledge of the 
pathology of the conduction system. In the 
older literature, only Geraudel (1925), Ma- 
haim (1931), and Yater and his associates 
(1936) tried to correlate electrocardiographic 
findings with comprehensive histologic studies 
of the conduction system. Since the advent 
of unipolar electrocardiography, Lenfigre 
(1955) has made such correlations in a large 
series of cases, while several other workers 
have done so in only few instances. 


ANATOMY IN HUMAN HEART 


Sinoatrial Node (Keith and Flack, 1907; 
Blair and Davies, 1934-35, Glomset and Glom- 
set, 1940a, Stotler and McAfahon, 1947; Robb 
ef ah, 1948; Copenha\’er and Truex, 1952; Lev 
and Watne, 1954). The sinoatrial node lies in 
the sulcus terminalis, between the superior 
vena cava and the right atrial appendage ( au- 
ricle). It extends from the recess of the right 
auricle to the insertion of Wenckebach’s 
bundle ( inter caval band), and lies on, and 
lateral to, the posterior crest. It consists of a 
head, body and tail. The large upper part 
is the head which in its thickest portion ex- 
tends from epicardium to endocardium. Tlie 
body tapers downward to a fine cord (tail) 
which lies adjacent to ^\Y■^ckcl>.lch’s biindlc- 
TIjc node is grossly not dissectable because nf 
the large amount of collagenous and clastic 
tissue in its interstitial milieu which blends 
with similar surrounding tissue. 

Histologically, the structure is easily identi- 
fiable even under low magnification (Figure 


IV-1). The sinoatrial node of the adult per- 
son consists of a mass of fusiform muscle cells 
arranged in a plexiform manner, with a tend- 
ency of the fibers to be oriented longitiidinall}’ 
except for those fibers wln'ch are serpiginously 
arranged around the artery that is constantly 
present. The fibers are more slender than the 
atrial fibers, in persons of all ages, and the 
nuclei are of slightly smaller diameter (Figure 
lV-2a). The fibers possess a relatively scant 
number of myofibrils w’ith cross-strialions that 
are less prominent than those of the typical 
atrial muscle. No distinct intercalated disks 
are in evidence. These nodal fibers arc cn- 
veJoperl by a mass of collagenous and elastic 
fibers whicli, in persons of all ages, are more 
copious than tliose of the atrial mnsculature 
(Figure lV-2b). Tlic reticular pattern consists 
of a fine mesh of lightly stained fibers wliicli 
is in contrast to the coarser network of darker 
stained reticular fibers enveloping the atria! 
myocardium. Ncr\’c colls and fibers are evi- 



Fjgjire IV-1. Transverse secUon uiroiigh sin(»tnal node of man. Hematoxylin and eos/a. X50. A, AMal 
musculature, Ar, artenal branch to node, N, node. 


dent in tlie periphery, and ner\'e fibers are 
present in the midst of the head. Tlte nodal 
muscle fibers make connections with the mus- 
culature of the superior vena cava, the con- 
fluence of the right anterior and posterior 
crests and the interatrial band, the posterior 
crest, the inferca^'al band and tlie right atrial 
appendage. These connections occur without 
the intervention of Purkinje cells. Tlie atrial 
musculature connecting the sinoatrial and 
atrioventricular nodes shows no specific char- 
acteristics. 

^Vith advancing age, the node grows more 
slowly than the atrial myocardium ( Lev, 
1954). Tlie collagenous fibers increase up to 
about tlie age of 40 and scarcely thereafter; 
the elastic tissue increases throughout life, 
and the reticulum fibers increase in number 
and coarseness. After the age of 40, appar- 
ently some muscle fibers are lost and fat is 
infiltrated about, and in, the node. 

Atrioventricular Node, Bundle and Bundle 
Branches (His, 2893; Kent, 1893; Keith and 


Flack, 1906, Tau’ara, 1906; Monckeberg, 1908; 
Curran, 1909, Lhamon, 1912; Gross, 1921; 
Pace, 1924; Todd, 1928; Kung and Mobitz, 
1930. Yater ef ah, 1930, Maliaim, 1931; Blair 
and Davies, 1934-35; Robb ct al., 1937; Glom- 
set and Glomset, 1940b; Walls, 1945; Truer 
and Copenhaver, 1947; Robb ct ah, 194S; Kis- 
tin, 1949, Lev ef ah, 1951; True.r and Schwartz, 
1951; ^^h■dran and Lev, 1951; Rossi, 1955), 
The atrioventricular node lies in the infero- 
distal part of the floor of the right atrium 
adjacent to the base of the atrial septum, be- 
bveen the entr)' of the coronary' sinus and the 
medial leaflet of the tricuspid valve. It lies 
slightly below, or adjacent to, the central 
fibrous body (trigonum hibrosum derter) 
(Figure IV-3), and its fibers are continuous 
with the musculature of the coronaiy sinus 
and that of the left and right atria. Grossly, 
it is lighter in color than that of the suiroiiud- 
ing myocardium. It penetrates tlie central 
fibrous body to form the penetrating portion 
of the atrioventricular bundle {bundle of 









Figure IV-3. Diisecbon of llie AV node, bundle and 
right bundle branch i, AV node, 2, AV bundle; 3, 
right biintlle branch. 4, rainuc <!eptJ fibrosi. 



Figure 1\M. Oblique section through AV node. Hematoxylin and eosin Left. X 15 A. Atnal muitulatiire, 
;V. AV node; musculature of \-entriciiIar septum, ftigfil- N9(). 
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His). The penetrating portion then emerges 
from the central fibrons body to enter the 
lower confines of the pars membranacea 
where it proceeds to its distal angle. The 
bundle of His begins to give off the posterior 
radiation of the left bundle branch at about 
the point where it emerges from the central 
fibrous body. Tliis radiation consists of indi- 
vidual fine fasciculi. The atrioventricular bun- 
dle at the distal angle of the pars membrana- 
cea bifurcates into the right bundle branch 
and the anterior radiation of the left bundle 
branch, the latter likewise consisting of a 
stream of fine fasciculi. The right branch in 
contrast consists of a distinct cord which 
proceeds along the lower margin of the septal 
band of the crista supraventricularis to the 
moderator band. In its journey, it lies below 
die muscle of Lancisi (or Luschka), and is 
usually divided into three parts. The first and 
third parts are subendocardial and the second 
part usually intramyocardial. In the region of 


the anterolateral papillary muscle, the right 
branch divides into three terminal branches 
which are continuous with Purkinje networks 
on the inferior and anterior walls and the 
lower septal surface. The left bundle branch, 
as indicated, consists of anterior and posterior 
radiations of fine fasciculi which fan out 
beneath the endocardium and become con- 
tinuous ^vith the Purkinje netu'ork. The latter 
terminates in the myocardium of the anterior 
and posterior papillary muscles, respectively, 
in addition to the adjacent and the more 
apical myocardium. Tlie atrioventricular node, 
bundle and part of the bundle branches are 
dissectable with scalpel or under the dissect- 
ing microscope (Keith and Flack, 1906; Ta- 
wara, 1906, Curran, 1909; Mahaim, 1931; 
Walls, 19-15, Kistin, 1949, Widran and Lev, 
1951). 

The atrioventricular node, bundle and 
bundle branches are liistoJogically easily 
identifiable. Tlie atrioventricular node con- 










Ffgtire lV-5. Ffnetrating p<ir(fon of AV tnitMlie. Iletnatavjhn ami wmii. X I’j. ii, F, iiimciiU 

lure of \entrictiUr ^e}ltlUll. Right. X 160. 




Figtiro IV-fi. Upper Section of AV node, showing elastic and collagen network. El.Tstic;i and s an Gifson. X 160. 
Louer. Section of sheath and enclosed space which surrounds bundle and part of bundle branches. He- 
matosylin and eosin. X 810. Anosv points to iheendothelium-lined sheatli and space. 
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sists of a network of muscle fibers which are 
smaller than the atrial and, of course, the 
ventricular fibers (Figure lV-4). The 
plasm of the nodal muscle fibers is pale in 
comparison to the \’entricular myocardium 
owing to a lesser number of myofibrils. Stri- 
ations are in evidence as are intercalated 
disks. In longitudinal plane the nudci are 
oval, they do not usually show the rectangu- 
lar forms of the ventricular myocardium. The 
node is markedly cellular because of numer- 
ous endothelial-like cells which interdigitate 
with the mxiscle cells, in some cases enclosing 
small spaces. In persons of all age groups, 
there is a greater amount of elastic fibers in 
the node than in the myocardium. The re- 
ticular network presents a more delicate pat- 
tern than that of the atrial or ventricular 
myocardium. As the fibers of the node extend 
to become the bundle of His, they are less 
plexiform and more longitudinally oriented 
The atrioventricular bundle consists of 
small longitudinally oriented fasciculi with 
cross communications (Figure IV*5). The 
muscle fibers are smaller than those of (he 
ventricular myocardium, and stain more 
lightly owing to lesser concentration of stri- 
ated myofibrils. The nuclei are smaller than 
those of the ventricular myocardium. A 
greater amount of elastic fibers is present in 
the bundle than in the ventricle (Figure IV- 
6a). The reticular structure likewise differs 
from that of the ventricle because of (he 
smaller cells and the lobulated arrangement. 
Endothelial-like cells, similar to those around 
and in the node, are also found around and 
in the bundle where they form a distinct 
sheath lining a space. This sheath-lined space 
surrounds die right and left bundle branches 
(Figure IV-6b) for a varying distance dis- 
tally (Curran, 1909; Lhamon, 1912). 

Tlie filjers of the left bundle brnneh at their 
origin are of the same size as (Jiose of tl»e 
bundle (Figure IV-7a). However, as they 
proceed distally, tl)ey rapidly increase in size 
until they become larger than those of the 
ventricular musculature (Figure lV-7b). 
These large cells are pale with relatively few 
myofibrils distributed at the periphery. The 
nuclei are round or o\’al, and some cells con- 


tain more than one nucleus. Although they 
are not identical with the Purkinje cells in 
sheep, we shall call them Purkinje cells. The 
left bundle branch and its Purkinje net^vork 
sho^v a greater amount of elastic fibers than 
the ventricular myocardium. Their reticular 
and glycoprotein basement membranes are 
likexvise thicker. 

The fibers of the right bttndle branch at 
their origin resemble those of the bundle 
(Figure IV-7a). As they become intramyo- 
cardial, the fibers become larger and more or 
less resemble those of the myocardium (Fig- 
ure rV-7c). In the third iiortion, the fibers 
are larger and resemble Ihirkinje cells. A 
greater amount of elastic fibers is present in 
the right bundle branch than in tlie myo- 
cardium. 



Figwre IV-7<i. St-efion of iH'fiirc.Uion of AV 
inlo right biiixPe br.utcJi .fwl jMrt of anffrior rach.i- 
tion of llif left bundle hr.uicli. l!rn).»tn’£>lia aiwl 
oosin. X2(l. II, lliitidlr; L, lift Inindlo fintncli; if. 
ri^l bundle branch; V miiNcnlatiire of Ncnfricular sep- 
tum, showing considrriihlc hbrosis. 
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riffiirc lupiicri. Section of niiLinje fibers fn feft bundle brancli. rffnjatot>Ii’n nnd 

eoMn. X lot) r, Piirkinje fibers, scntnctilar musculature. 

c (Icicct). Section of intram>ocanIiaI porbon of ncht bundle branch. Hcn)alox>lin uikI 
ensin. X ISO. Arross points to right bundle branch. 


Tfic rij;ht and left biindfe brandies ter- 
minate in the subendocardial Piirkinje net- 
work. Pitrkinje fibers are not present sub- 
endocardially in the conns, and in tJie mtKt 
basilar part of the inferior, septal, anterior 
and lateral walls of the left ventricle 
(Monckeberg, 190S). The Purkinje fibers 


gradually bectime myocardial fibers. 7liere is 
no unanimity of opinon as to whelher Piir- 
kinje fibers are present in the my<K"ardiiim. as 
distiiigiiisbt'tl from the siihendoeardial net- 
work (Todd. 1928; Rohh cl til., 1937; Glomset 
and Glomset, 19-101); Davits. 1912; Hossi. 
1953 ). 
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It has recently been shown that the con- 
duction system in man contains certain cho- 
linesterases which are not found in the re- 
mainder of the myocardium (Carbonell, 
1956). It is not certain whether the glyco- 
gen content of the conduction system differs 
from that of the myocardium (Yater et al., 
1930). 

Nerve Cells are present around the atrio- 
ventricular node, but there are no nerve cells 
within the atrioventricular node, bundle and 
bundle branches (Blair and Davies, 1934-35. 
Glomset and Glomset, 1940ii, b, Glomset and 
Birge. 1945. Stotler and McMahon, 1947; 
Field, 1951b; Glomset and Cross, 1932, Rossi, 
1955). Nerve fibers are present in the atrio- 
ventricular node and bundle, and to a lesser 
extent in the upper part of the bundle 
branches. No ne^^'e fibers are present in the 
lower parts of the bundle branches or in tlie 
perjplieral Purkinje nehvork. 


The Blood Supply of the sinoatrial node is 
by way of the ramus ostii cavae superioris 
(Gross, 1921). This vessel arises from the 
beginning of the right main coronary artery 
in about 90 per cent of hearts, and from the 
left circumflex coronary artery in the remain- 
der The blood supply to the atrioventricular 
node and bundle is by way of the ramus septf 
fibrosi (Gross, 1921, Mahaim, 1931; Lascano, 
1943) which arises from the main right coro- 
nary artery just before it gives off the pos- 
terior descending branch in about 90 per cent 
of instances, and from the left coronary artery 
when it forms the posterior descending artery. 
Tlie first part of the right bundle branch is 
supplied by the ramus septi fibrosi, the ramus 
septi ventriculorum superior, and the ramus 
cristae, all coming from the right coronar)' 
arter>', and the first anterior perforating vessel 
from the left anterior descending. Tlie second 
part of the right bundle brand) is supplied by 



Figiiru IV -8 Section tliroiiRh iMu»cii1ar connections between tenniiul (xirtion 
of AV mnle and imist.iif.Uiin- of scMtnciilar sci>tMi«. saiiCieson. X 13.5. Arrows 
25o5nt to tlic connections. -V, Node, I’, mnsoilaturc «f sentnciiJ.ir septiiin. DarJ. 
stametl areas denote connectne tissue |Mcrml by tlie iwiscolar connections- 
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Figure IV.9. Section of muscular connecliom between AV bundle (B) and musculature (V) of sentiiciilar 
septum in an adult, cut at different levels, a (left). Weigcrt's elastica and van Cieson. X45. b (right). He- 
malovylin and eosio. X43. Arrows point to the connections. 


the ramus limbi de\tri coming from a branch 
of the left anterior descending, and the an- 
terior and posterior perforating arteries com- 
ing from both the anterior and posterior 
descending arteries. The most distal part of 
the right bundle branch is supplied by 
branches from both the right and left coro- 
nary arteries supplying the adjacent myo- 
cardium. The first part of the left bundle 
branch is supplied by the ramus septi fibrosi, 
the ramus septi venlriculorum superior, and 
the ramus enstae, all from the right coronary 
artery, and the ramus limbi sinistri from the 
anterior descending. The second portion is 
supplied by the anterior and posterior per- 
forating vessels from both the right and left 
coronaries, and the third portion from the 
same group of vessels supplying the surround- 
ing myocardium. 

The atrioventricular node, bundle and bun- 
dle branches, like the sinoatrial node, have a 
different aging cycle than the remainder of 
the m}'ocardium (Monckeberg, IMS; Ron- 
dolini, 1937; Erickson and Lev, 1932). Tliese 
structures are relatively larger in fetal life and 
childhood than in later life. With advancing 
age, there is an increase in collagenous and 
elastic tissue, an increase in density of retic- 
ulum in all structures, and an infiltration of 


fat in the atrioventricular node, bundle and 
beginning of tlie right bundle branch. In 
contrast, the ventricular myocardium shows 
only a small increase in elastic and collagen- 
ous tissue with advancing age. 

Afabaim’s Paraspecifie Fibers (Mabaim 
and Winston, 1941; Lev and Lemer, 1955), 
In the fetus and at birth, small groups of 
muscle fibers connect the distal part of the 
atrioventricular node (Figure IV-8), the 
atrioventricular bundle (Figure IV-9) and 
the beginning of the left bundle branch with 
the upper part of tlie muscular ventricular 
septum (Figure IV-10). These are perhaps 
less numerous in adult life but such small 
connections may be found, especial!}’ be- 
tween tlie atrioventricular bundle and the 
beginning of the left bundle branch and the 
ventricular septum. No such connections are 
present beriveen the right bundle branch and 
the upper part of the septum in man. 

Kent’s Fibers (Kent 1893, 1913). It is ques- 
tioned whether muscular fibers normally con- 
nect the atria and ventricles outside the 
confines of the atrioventricular node, bundle 
and bundle branches, as staled by Kent. Such 
connections do not appear to be present in 
the majorit}’ of normal hearts ( Lev and 
Lerner, 1955). 
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COMPARATIVE ANATOMY IN MAMMALIAN HEART 


The sinoatrial and atrioventricular nodes 
of all mammals, including man, are similar. 
However, there is a marked difference be- 
tween the atrioventricular bundle and bundle 
branches and their nerve supply in ruminants, 
pig and horse on the one hand, and in man, 
monkey, dog, cat, rat, rabbit and guinea pig 
on the other. The conduction systems of the 
monotreme and the liamster have unusual 
features. 

Ruminants (sheep, cattle) (Tawara, 1906, 
Keith and Flack, 1907^ King, 1916, Jordan 
and Banks, 1917, Pace, 1924; Scaglia, 1927; 
Todd, 1928; Shaner, 1929-30, Blair and 
Davies, 1934-35; Abramson and Margolin, 
1935-36, Sanabria, 1936, Vitali, 1937, Glomset 
and Glomset, 1940a, b; Mahaim and Winston, 
1941; Truex and Copenhaver, 1947; Field, 
1951a; Copenhaver and Truex, 1952, Davies 


and Francis, 1952; Davies et al., 1952). The 
sinoatrial node in the sheep is similar to that 
in man and consists of a horseshoe-shaped 
structure lying in the sulcus terminalis. Histo- 
logically, this consists of a nerivork of small 
cells, smaller than the atrial fibers, which lie 
in a sea of connective tissue. These cells con- 
tain elongated nuclei and fe%ver striated myo- 
fibrils than those of the myocardium, and ex- 
hibit rare intercalated disks. Nerve cells are 
present only in the periphery, but nerve fibers 
are present within the node itself. The sino- 
atrial node is directly continuous with the 
surrounding myocardium. Tim atrioventricu- 
lar node consists of an irregular network of 
small fibers with oval nuclei, and few myo- 
fibrils with scant striations. According to 
Tawara (1906), this is continuous with a 
more proximal network of ordinary atrial 


Kifc'iirf IV-IO. Sttlion ol xniiMtiW tlie bfKinnJnK of left 
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fibers which in turn connects with the atrial 
myocardium. The atrioventricular node is 
continuous with the atrioventricular bundle 
in the fibrocartilaginous septum. The atrio- 
ventricular bundle consists of large Purkinje- 
like cells which are larger than the ventricular 
myocardial fibers. The atrioventricular bun- 
dle bifurcates into left and right brandies. 
The cells of the left branch rapidly enlarge 
to become classical Purkinje cells. In the 
right branch, the change to Purkinje cells is 
more gradual. These cells are not only sub- 
endocardial, but also intramyocardial, and 
gradually become continuous with myocar- 
dial cells. A sheath, enclosing a distinct 
space, surrounds and interdigitates with the 
bxmdie, the bundle branches, and the termi- 
nal Purkinje fibers up to their termination in 
the myocardium. Tlie atrioventricular node, 
bundle and bundle branches and Purkinje 
arborizations all contain ganglion cells and 
nerve fibers. There is no connection, how- 
ever, between the nerve fibers about the Pur- 
kinje cells and the myocardium itself. Para- 
specific fibers pass from the atrioventricular 
bundle and left bundle branch to the ven- 
tricular myocardium (Mahaim and Winston, 
1941). 

Tlie classical Purkinje cells as seen in the 
bundle branches of the sheep are very large, 
much larger than the ventricular myocardial 
fibers (Todd, 1928; Abramson and Margolin, 
1935-36, Tmex and Copenhaver, 1947, Davies 
and Francis, 1952). The central region of the 
cell is unstained, contains one to three nuclei, 
and is surrounded by a granular zone. Fexv 
myofibrils are present in the peripher)’ of the 
cells which have rather faint transverse stria- 
lions. Tile sarcoplasm, according to some, is 
rich in glycogen and rarely has fat inclusions 
Granular mitochondria are situated between 
the myofibrils and around the nucleus (Sana- 
hria, 1936). 

Tlie sinoatrial node of cattle resembles that 
of sheep. However, it consists of a he.ad in 
addition to the horseshoe-shaped portion. Ac- 
cording to Blair and Danes (1934-35), the 
node Iijs, not only small cells hut also, large 
Purkinje-like cells. Tlie node joins the atrial 
mvocardium directly and also by way of 


Purldnj'e cells. The atrioventricular node, 
bundle and bundle branches resemble those 
of the sheep in general moriihology and in 
their contained ners’es (Tawara, 1906, Scag- 
lia, 1927; Blair and Davies, 1934-35; Vital!, 
1937; Davies et at, 1952). 

Hog and Horse. In general, the conduc- 
tion system of the hog resembles that of 
sheep and cattle (Abramson and Margolin, 
1935-36; Glomset and Glomset, 1940a,b; 
Tniex and Copenhaver, 1947; DaWes ct n/., 
1952). The atrioventricular node, however, 
lies nearer the base of the tricuspid x’ah’c. 
Likewise, although ners’c fibers are present 
throughout the system, nerx'e cells arc not 
present in the bundle and bundle branches. 
In general, the conduction system of the horse 
resembles that of die hog (Keith and Flack, 
1906; Davies and Francis, 1952; Davies ct al., 
1952). 

Dog and Cat. Tlie sinoatrial node of the 
dog IS similar to that of other mammals (Ta- 
wara, 1906, Abramson and Margolin, 1935-36; 
Mahaim and Winston, 1941; Nonfdez, 1943; 
Baird and Robb, 1950; Field, 1951b; Tclienp, 
1951. Truex and Schwartz, 1951; Davies and 
Francis, 1932, Daries el al., 1952). It extends 
from the angle formed by the superior vena 
cava and the atrial appendage (auricle) to 
the angle of junction of the superior vena 
cava and the inferior vena cava. It is club- 
shaped and tapers to a fine end. The atrio- 
ventricular node resembles that found in 
other mammals. It contains not only small 
cells but larger Purkinje-like cells. The atrio- 
ventricular bundle, like the node, consists of 
small cells. According to Baird and Rohh 
(1950), it passes entirely unslicathed through 
the lower part of the membranous septum. 
Only distal to this point is a sheath present, 
ivith a small space, as in man. 

Tlie cells at the beginning of the left bun- 
dle branch and right bundle brancli resemble 
those of the bundle. More disfally, sooner in 
the left than in the right bundle branch, the 
fibers enlarge somewhat and have some of 
the characteristics of the Purkinje cells of the 
sheep, being larger than the nnocardia! fibers 
but neser attaining the marked dillcrentiitmt 
found in the sheep. Opinions differ as to 



THE CONDUCTION SYSTEM 


145 


whether these Pvirhinje-like cells penetrate 
into the myocardium (Tawara, 1906; Abram- 
son and Margolin, 1935'36; Davies, 1942). 
Paraspecific fibers are present from the atrio- 
ventricular bundle and left bundle branch 
(Mahaim and Winston, 1941, Baird and 
Robb, 1950). The atrioventricular node, bun- 
dle and bundle branches are grossly dissect- 
able (Baird and Robb, 1930). Ganglia are 
present around the atrioventricular node, but 
no nerve cells are present in the atrioventri- 
cular node, atrioventricular bundle and bun- 
dle branches (Nonidez, 1943; Field, 1951b, 
Tcheng, 1951; Davies ct al., 1952). Many 
nerve fibers are present in the atrioventricular 
node, some in the bundle, few or none in the 
upper parts of the bundle branches, and 
none are found in the peripheral Purkinje net- 
work. Hie conduction system of the cat re- 
sembles that of the dog (Truex and Copen- 
haver, 1947; Davies et al, 1932), but para- 
specific fibers are present from the right bun- 
dle branch ns well as from the atrioventricular 
bundle and the left bundle branch (Mahaim 
and Winston, 1941). 

Rat (Tawara, 1906, Meiklejohn, 1913-14, 
Davies and Francis, 1952, Davies ct al, 1952, 
King, 1954, Prakash, 1954). There is a differ- 
ence of opinion as to the existence of a sino- 
atrial node in the rat. Apparently the atrio- 
ventricular node resembles that in other 
mammals, and the atrioventricular bundle 
and bundle branches resemble those in the 
dog (Davies and Francis, 1952). The right 
bundle branch is short, however, and the left 
bundle branch passes deep into the musCTiIar 
fibers of the ventricular septum before be- 
coming subendocardial. Purkinje cells are 
present beneath the endocardium in the 
atria. Paraspecific fibers pass from the bundle 
to the ventricle. No nerve cells are found in 
the atrioventricular node, bundle or bundle 
branches. Many nerve fibers are present in 
the atrioventricular node, some in the bundle, 
few in the upper part of the bundle branches, 
and none in the Purkinje network (Davies 
cf of., 1932). 

Golden Hamster (W'alls. 1942). Tlie sino- 
atrial node is horseslioe-bluped, lying in the 
sulcus terminalis ventral to the right superior 


vena cava. Tlie node is composed almost en- 
tirely of muscle fibers which are of two types, 
some smaller than the atrial and some larger 
ones resembling Purkinje cells. The nodal 
fibers have direct continuity with the atrial 
and sinus musculature, and no Purkinje fibers 
are found in the walls of the atria. The atrio- 
ventricular node consists of two parts, a more 
deeply placed interlacing network of fibers 
indistinguishable from atrial fibers from 
which the atrioventricular bundle arises, and 
a more compact subendocardial bundle many 
of whose cells resemble Purkinje cells. The 
atrioventricular bundle consists mostly of 
large Purkinj'e-like cells. Tlie right bundle 
branch takes a short course and disappears 
into the right ventricle. No Purkinje fibers 
are found in this chamber. The left bundle 
branclj is buried in the septum and becomes 
continuous with the myocardium. Below the 
level of disappearance of the left bundle 
branch, Purkinje fibers appear in the ventri- 
cular wall and are in continuity with the 
myocardial fibers. No nerve cells are present 
in the atrioventricular node, bundle or bundle 
branches. Tlie atrioventricular node and bun- 
dle branches are poor in nerx’e fibers, while 
the bundle contains many nerve fibers. 

Rabbit (Tawara, 1906; Lloyd, 1930, Sana- 
bria, 1936, Mahaim and Winston, 1941, Field, 
1951b; Dax'ies and Francis, 1952; Davies et 
al, 1952), The sinoatrial and atrioventricular 
nodes of the rabbit resemble those in other 
mammals, and the atrioventricular bundle 
and bundle branches resemble those of the 
dog. Paraspecific fibers join the atrioventri- 
cular node, the bundle and the right bundle 
branch to the ventricular mtisculature. There 
are no neiwe cells in the atrioventricular node, 
bundle or bundle branches. Ncrx’c fibers are 
present in the atrioventricular node, a lesser 
number in the bundle, few in the bundle 
branches, and none distally. 

Guinea Pig (Tawara, 1906; Robb and Kay- 
lor, 1943; Field, 1951b; Davies ct ol, 19.52). 
Tlie sinoatrial and atrioventricular nodes ap- 
parently are similar to those in other mam- 
mals and the utriosentricular huiidlu and bun- 
dle branches resemble (hose of (he dog. In 
addition, there arc ntimerous paraspecific 
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fibers passing from the bundle and the right 
and left bundle branches to the septum. No 
nerve cells are found in the atrioventricular 
node, bundle and bundle branches. Ner\’e 
fibers are present in the node, a lesser num- 
ber are noted in the bundle, few in the bundle 
branches, and none distally. 

Monkey (Nonidez, 1943; Truex and Copen- 
haver, 1947; Field, 1931b; Copenhaver and 
Truex, 1952). The sinoatrial and atrioventric- 
ular nodes of the monkey resemble those in 
other mammals and the atrioventricular bun- 
dle is like that of the dog. Tlie bundle 
branches consist of Purkinje-like cells which 
are only slightly larger and differ minimally 
from the myocardial fibers. There arc no 
nerve cells in the atrioventricular node, bun- 
dle and bundle branches. Ner\’e fibers, how- 
ever, are present in the node, bundle, and in 
the beginning of the bundle branches. 

Monotreme (echidna, platypus) (Keith 
and Mackenzie, 1910, Davies, 1930-31 ). The 
sinoatrial node is relatively more massive than 
in placental mammals, and in echidna is ver>' 
vascular. Histologically, it resembles that of 
placental mammals, but transverse striations 
have not been seen. Nerve cells are present 
in the node, in contrast to placental mammals. 
The atrioventricular node is large and resem- 


bles that seen in placental mammals, but 
again no transverse striations are in evidence. 
Communications e.xist between the atrioven- 
tricular node and the upper part of the ven- 
tricular septum. The atrioventricular bundle 
is likewise large and resembles that of rumi- 
nants. Tlie right bundle branch divides into 
anterior and posterior branches, all three 
making connection with the ventricular septal 
musculature proximally and distally. The left 
bundle branch is larger than the right and 
subdivides into four branches. The main 
branch likewise makes connections with the 
ventricular septum high in its course. Both 
the right and left bundle branches consist of 
Purkinje cells, and terminate in the subendo- 
cardial Purkin/e net\vork. No Purkin/e net- 
w<»rk is present in the m)’oc-ardium. Davies 
(1930-31) could not find accessory communi- 
cations behveen the atrium and ventricle out- 
side the conduction system previously de- 
scribed by Keith and Nfackenzie (1910). No 
nerx'e cells are present in the atrioventricular 
node, bundle and bundle branches. Nerx'e 
fibers are present in the atrioventricular node, 
a lesser number in the atrioventricular bun- 
dle, a few in the bundle branches, hut none 
occur distally. 


COMPARATIVE PHYSIOLOGY IN MAMMALS 


Since little is knoxvn about the physiology 
of the conduction system in man, the knowl- 
edge gained by the study of tlie condiiction 
system of the dog and other laboratory ani- 
mals will be utilized to explain physiologic 
phenomena in man. 

Function of Sinoatrial Node. Tlie function 
of this structure has been gleaned from effects 
(a) of application of heat and cold (Flack, 
1910, Ganter and Zahn, 1912; Zahn, 1913, 
Erlanger, 1913; Schlomovitz and Chase, 1917; 
Eyster and Meek, 1921; Davies and Francis, 
1946); (b) of toxic agents (Flack, 1910, Eyster 
and Meek, 1921; Davies and Francis, 1946), 
(c) of clamping and excision (Erlanger and 
Blackman, 1907; Flack, 1910, Cohn and Kes- 
sel, 1911; Cohn ei al, 1911-12; Moorhouse, 
1912; Erlanger, 1913; Eyster and Meek, 1921, 


1922, Borman, 1926; Jourdan et al., 1945; 
Davies and Francis, 1946); and from (d) elec- 
trical analysis (Lex\’is, 1910, 1913, 1925; M'j’- 
bauw, 1911; Erlanger, 1913, Eyster and 
Meek, 1913-14, 1921; Eccles and Hoff, 1934; 
Davies and Francis, 1946). Tlie sinoatrial 
node is especially sensitive to application of 
moderate heat which greatlj’ accelerates the 
heart rate. However, other parts of the atria 
may also respond to increased temperatures, 
diereby increasing the o\’er-all rate of the 
heart beat. This is taken to indicate that un- 
der normal conditions the sinoatrial node is 
the pacemaker. Application of cold to the 
sinoatrial region produces nodal or coronarj' 
sinus rliythm. Likewise, upon excision or 
clamping of the sinoatrial area, nodal or coro- 
narj’ sinus rhythm results. Tlie clear inference 
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that may be drawn from the above experi- 
ments is clouded by the question of localiza- 
tion of the irritants, some workers contending 
that the tissue originating from the sinus 
venosus (Erlanger, 1913), and not the sino- 
atrial node itself, is tlie pacemaker. 

Electrical experiments have been utilized 
to pinpoint the region of the pacemaker. 
These include localization of the point of 
initial negativity and determination of the 
contour of the wave upon galvanic stimula- 
tion. The point of initial negativity was found 
by Lewis ( 1910 ) to be in the cephalic portion 
of the sinoatrial node; Wybauw (1911) found 
it in the middle of the node; and Eyster and 
Meek (1913-14) and Eccles and Hoff (1934) 
found it sometimes in the cephalic and some- 
times in the middle portion of the node. 
Galvanic stimulation shows that the normal P 
wave is obtained only upon stimulation of 
the sinoatrial node. Tiiese experiments have 
been taken to mean that the sinoatrial node 
is the pacemaker. Erlanger (1913), however, 
suggests that these experiments only show 
that the impulse enters the atria through the 
region of the sinoatrial node, but that the 
pacemaker may be that portion of the right 
atrium originating from the sinus venosus. 

Conductive Function of Right Atrium. No 
specialized pathway between sinoatrial and 
atrioventricular nodes has been identified. 
The present consensus is that tlie impulse is 
conducted from the sinoatrial node to the 
atrioventricular node through the ordinary 
musculature of the right atrium. Tlie manner 
of the propagation of the impulse tlirough the 
atrium is controversial. According to Lewis 
(1917), the impulse radiates in all directions 
from the sinoatrial node, reaching the atrio- 
ventricular node through no set pathway. 
Eyster and Meek (1916, 1917) indicated that 
there are two alternate pathways from the 
sinoatrial to the atrioventricular node, the 
sljorter route being directly to the atrior'en- 
tricular node, and the longer one traversing 
the right atrium. According to Rylant (1931), 
the impulse from the sinoatrial node reaches 
the subendocardial portion of the atrium from 
which it is disseminated diffusely through the 
atrium before reaching the region of the coro- 
narj' sinus. 


Function of Atrioventricular Node and 
Coronary Sinus. If the sinoatrial node is 
rendered functionless, then the impulse is 
initiated either from the region of the coro- 
nary sinus or from the atrioventricular node 
(Flack, 1910; Cohn et al, 1911-12, Canter 
and Zahn, 1912; Zahn, 1913, Eyster and Meek, 
1916, 1917, 1921, 1922, Davies and Francis, 
1946). It appears that the tissue about the 
coronary sinus has a slightly greater inherent 
rhythmirfty than the atrioventricular node 
(Eyster and Meek, 1917). Because of the 
experimental difficulties in separating the two 
regions, it is not clear whether a "coronary 
sinus rhythm” differs from the atrioventricu- 
lar nodal rhythm (Clerc and Pezzi, 1920, 
Scherf, 1944). Because of the low conductiv- 
ity of the atrioventricular node, the impulse 
is slowed considerably in this region, account- 
ing for most of the PR interval in the electro- 
cardiogram. 

Function of Atrioventricular Bundle, Bun- 
dle Branches, and Purkinje Network. The 
function of the atrioventricular bundle and 
bundle brandies is to transmit the impulse to 
the ventricular myocardium. Cutting or crush- 
ing the bundle of His almost always produces 
partial or complete heart block (Erlanger, 
1906, Biggs, 1908; Erlanger and Miller, 1909, 
Erlanger and Blackman, 1909-10, Cullis and 
Dixon, 1911; Eyster and Meek, 1921; Davies 
and Francis, 1946). Whether this results from 
cutting of the muscular communications or 
the nerves in the bundle is not clear. Cullis 
and Dixon (1911) applied cocaine to tlie 
bundle to depress the nerves but did not 
produce lieart block in this manner. Likewise 
the application of nicotine, a nerve stimulant, 
to the bundle had no immediate effect, where- 
as when the bundle was depressed by chloro- 
form or other drugs which affect muscle only, 
it could not be then stimulated electrically. 
It was thought that these experiments indi- 
cated that conduction was along the muscular 
and not the ncrx’c route. Conduction through 
the atrioventrioular bundle, bundle branches 
and Purkinje fibers is rapid. However, the 
atrioventricular bundle shows a low rate of 
inherent rhythmicity. 

Cutting of cither bundle branch in the dog 
causes a lag in contraction of the correspond- 
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ing ventricle, and complete lieart block has 
resulted from cutting of both branches. In 
view of the paucity or absence of nerve 
fibers in the bundle branches, these findings 
are taken to confirm the theory of myogenic 
conduction (Davies et oL, 1952). 

The role of the paraspecific fibers of Ma- 
haim in conduction is controversial. Mahiaim 
and Winston (1941) found that when the 
fibers were numerous or of larger size, cutting 
of the bundle branches did not produce com- 
plete block. Others have minimized their 
physiologic importance (Meessen, 1935). 

Conductive Properties of Ventricles. The 
manner in which the impulse is propagated 
through the ventricles is not definitely known. 
In sheep and cattle, in \\hich a Purkinje net- 
work is knowTi to e.xist throughout the myo- 
cardium, it is agreed that the impulse passes 
through the Purkinje network to the myo- 
cardium. In man and the dog, there is a dif- 
ference of opinion as to whether Purkinje 
fibers exist in the myocardium. Likewise, 
experimental evidence in the dog of the 


method of propagation in tlie ventricles lias 
been variously interpreted. According to 
Lewis and Rothschild (1915) and Abramson 
and Jocliim (1937), the impulse passes from 
the endocardium through the myocardium at 
right angles to the endocardial surface. The 
latter authors believe that this is through the 
Purkinje network first, then the myocardium. 
According to Robb and Robb (1936), the 
path of propagation is along the direction of 
muscle bundles of the heart. It is agreed that 
subendocardial propagation is much faster 
than that through the remainder of the myo- 
cardium. Lewis tliought that this is due to 
the property of conduction of Purkinje fibers 
in the subendocardial region. According to 
Pruitt and associates (1951), this difference 
in speed of conduction is explained by the 
direction of fibers in the subendocardial and 
intramyocardial regions, conduction suben- 
docardially being direct, and that in the myo- 
cardium being at right angles to the direction 
of the stimulus. 


PATHOLOGY IN THE HUMAIS^ HEART 


The conduction system may be involved 
directly or by contiguity in all diseases affect- 
ing the heart in general. Thus, tlie sinoatrial 
and atrioventricular nodes, the bundle and 
the bundle branches may be involved in con- 
genital heart disease, hypertensive and ar- 
teriosclerotic heart disease, rheumatic heart 
disease, syphilitic heart disease, and in endo- 
carditis, myocarditis and pericarditis. The 
pathologic changes noted include granular, 
vacuolar and fatty degeneration, necrosis, 
acute and chronic inflammation, fibrosis, elas- 
tosis, hyperemia, hemorrhage, pigmentation 
and calcification The smoatrial and atrioven- 
tricular nodes and atrioventricular bundle are 
not subject to atrophy or hypertrophy (As- 
choff, 1906, Tawara, 1906, Keith and Flack, 
1907; Monckeberg, 1908). In the occasional 
case in which it has been investigated, amy- 
loid has not been found (Monckeberg, 1908). 
No tumor is known to have originated from 
the muscular parench>Tna of the conduction 
system. 


Congenita] Heart Disease. The atrioven- 
tricular node, bundle and bundle branches 
may show a primary abnormality in position, 
or a disruption in continuitj- or a secondary 
fibrotic replacement. In addition, accessory 
bundles may be present, either replacing or 
accompanying tlie normal structures. 

The atrioventricular node, bundle and bun- 
dle branches have been found to be normal 
in subaortic ventricular septal defects (.\fon- 
ckeberg, 1908, 1913, 1924; Mahaim, 1931), 
and in patent foramen ovale. In all such 
ventricular septal defects, the atrioventricular 
bundle lies below the defect (Monckeberg, 
1924, Mahaim, 1931). In patent foramen pri- 
mum, the atrioventricular node is displaced 
posteriorly, while the bundle arises in the 
connective tissue below the defect, and at 
its distal margin divides into its bundle 
branches (Monckeberg, 1913, 1924; Morison, 
1913) (FigurelV-IJ). In cor triloculare biven- 
triculosum, the atrioventricular node and the 
beginning of the bundle have a course similar 
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to that in persistent ostium primum (Mon- 
ckeberg, 1913). In cor biatriatum triloculare 
(Monckeberg, 1924), the atrioventricular 
bundle lies on a ridge in the posterior wall 
representing tlie remnant of tl>e posterior 
septum, wljere it divides into right and left 
branches. In cor biJocnIare ( iMonckeberg, 
1924), the atrioventricular node originates in 
the median portion of the posterior atrial wall 
and continues as the atrioventricular bundle 
which takes the same course as in common 
ventricle. In aneurysm of the pars mem- 
branacea, the bundle may be deviated (Cas- 
toldi, 1942). In these anomalies, therefore, 
there may be an abnormality in position but 
not necessarily an abnormality in continuity. 

Abnormalities in continuity between the 
atrioventricular node and atrioventricular 
bundle or within the atrioventricular bundle 
have been found in patent foramen primum 
(Monckeberg, 1913. Yater, Barrier and Mc- 
Nabb, 1934, Wallgren and Winblad, 1938), 
transposition of the atria or ventricles (Mon- 
ckeberg, 1913; Yater, 1929a; Uher, 1935-36, 
Abbott, 1938), cor biatriatum triloculare 
(Wilson and Grant, 1925-26; Abbott and Mof- 
fatt, 1946), large ventricular septal defect 
(Perotti, 1928, Yater et nl, 1933; Rogers and 
Rudolph, 1951, Turpin et el., 1947), and in 
cor triloculare biventriculosum (Yater, Lea- 
man and Cornell, 1934). In cor biloculare 
and patent foramen primum (Monckelwrg, 
1913), anterior accessory atrioventricular con- 
nections may be present on the anterior atrial 
wall in place of the normal, and may pass 
into the subendocardial part of the left ven- 
tricle where the bundle branches are given 
off; or other accessory anterior connections 
may join the normal posterior connection to 
form a common bundle that proceeds dmvn- 
ward into the %'entricles and then divides. 
These abnormalities may result in congenital 
complete or incomplete atrioventricular block. 

Congenital complete atrioventricular block 
is a relatively r.ire ahnormality. In .addition 
to the conditions described alw\’e in wliich 
studies have been made of the conduction 
sj’stem, congenital complete atrioventricalar 
block has been describerl in tricuspid atresia 
(Hockenga, 1915, Dickson and Jones, 1918; 


Aitcliison et oh, 1955) and hypoplasia of the 
aortic tract complex with mitral atresia 
(Donoso et al., 1956), tetralogy of Fallot 
(Bernreiter and O’Connell, 1952), Eisenmen- 
ger complex (Campbell and Thorne, 1956), 
bicuspid aortic valve ivith sclerosis and calci- 
fication (Clark and Firminger, 1949), fibro- 
elastosis (Rotem, 1950, Stadler et al , 1950), 
fetal coarctation (Witt, 1934; Wendkos and 
Study, 1947), congenital aneurysm of the pars 
raembranacea (Clark and White, 1952), and 
in enlarged but otiieiwise normally formed 
hearts (Plant and Stevens, 1945). 

In congenital heart disease, the right and 
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left bundle branches may show pathologic 
change. Thus, in an occasional case of sub- 
aortic stenosis (Lenegre cf al., 1945), the 
left bundle branch may be encased in fibrous 
tissue and be disrupted in continuity. In Eb- 
stein’s malformation, the right bundle branch 
may be so involved (Yater and Shapiro, 1937, 
Lev ef flh, 1955). Tliese findings may be asso- 
ciated with right or left bundle branch block. 
Congenital absence of the right bundle 
branch has been reported (Goakley, 1951) 
and transposition of both bundle branches 
occtirs in transposition of the ventricles (As- 
choff, 1937). The anatomic basis, however, 
of most cases of right bundle branch block 
in congenital heart disease is unknown. Ab- 
normalities in the sinoatrial node, to date, 
ha^'e not been described. 

Accessory bundles between atria and ven- 
tricles have been described in instances of 
Wolff-ParkinsonAVhite syndrome (Lev ct ai, 
1955). These may be found between the right 
or left atrium and the respective ventricle. 
This sjudrome has been found to be associ- 
ated with Ebstein’s malformation (Lev et ah, 
1955) (Figure IV-12), ventricular septal de- 
fect (Segers et al, 1947), coarctation of (he 


aorta (Bodlander, 1946), and in hearts ap- 
parently not the seat of other congenital mal- 
formations. 

Hypertensive and Arteriosclerotic Heart 
Disease. Occlusion or narrowing of the right 
main coronary artery at its origin, before the 
origin of the ramus ostii cavae superioris, may 
produce ischemic changes in the sinoatrial 
node and the atrioventricular node and bun- 
dle, the beginning of both bundle branches 
and the posterior radiation of the left bundle 
branch ( Monckeberg, 1908, Lev and Unger, 
1955). Oa:lusion of the right main coronary 
artery distal to the origin of the ramus ostii 
cavae superioris and proximal to the origin 
of the ramus septi fibrosi may produce similar 
changes while sparing the sinoatrial node 
(Mahaim, 1931). Occlusion of the right main 
coronary artery distal to the origin of the 
ramus septi fibrosi may produce ischemic 
changes in the posterior radiation of the left 
bundle branch (Mahaim, 1931). Narrowing 
or occlusion of the anterior descending coro- 
nary artery in its first 1-2 cm., prorimal to 
the origin of the second perforating brancli, 
may produce ischemic changes in the mid- 
portion of the right bundle branch and the 
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anterior radiation of the left bundle branch 
(Mahaim, 1931). Narrowing of the anterior 
descending artery, distal to the origin of the 
second anterior perforating vessel, may pro- 
duce ischemic changes in the anterior radia- 
tion of the left bundle branch alone (Ma- 
haim, 1931). Tlie ischemic changes that may 
be found include necrosis, fibrosis and calci- 
fication (Figures IV-13 and 14). As in tlic 
remainder of the myocardium, ample anasta- 
moses may form in the blood supply to the 
conduction system after the development of 
coronary sclerosis, and hence the rate of 
narrowing of the \’essels and the age of the 
individual are factors in production of ische- 
mia (Lascano, 1943). In addition, the sinu- 
soidal arrangement of the atrioventricular 
node and bundle may be a sparing factor in 
ischemia (Truex and Schwartz, 1951). In 
narrowing of the large coronary arteries, the 
general myocardial changes dominate the 
scene, with or \vithout the accompaniment of 
disturbances in sinoatrial and atrioentricular 
conduction and right and left bundle branch 
block (Maliaim, 1931, Yater, 1938). The 


ramus septi fibrosi may be e.\clusively nar- 
rowed, however, leading to isolated changes 
in the atrioi’entricular node and bundle and 
the surrounding atria) musculature (Mahaim, 
1931). In arteriolosclerosis of the coronaries 
'vithout narrowing of the large arteries, there 
may be pathologic involvement of the con- 
duction system, usually of both the right and 
left bundle branches focally, lending to vari- 
ous tjpes of bundle branch block (Maliaim, 
1931; Y'ater, 1938; Lev and Unger, 1955). 

A separate form of arteriosclerotic heart 
disease, unrelated to coronaiy' sclerosis and 
narrowing, is marked sclerosis and calcifica- 
tion at the base of the aortic leaflet of the 
mitral valve involving the adjacent pars mem- 
branacea and the ventricular myocardium at 
its junction with the pars membran.icca 
(Monckeberg, 1908; Mahaim, 1931; Yafcr 
and Cornell, 1935) (Figure IV-15). Tliis 
common aging change, occurring usually in 
the seventh decade and seldom before the 
age of 50, may invohe the atrioventricular 
node or bundle or the bifurcation by fibrosis 
and calcification; it may be associated with 
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infiltration of lymphoid cells. Another less 
common but equally important aging lesion 
is calcific change which involves the aortic 
valve at the lower margin of the sinuses of 
Valsalva and spreads to the pars membrana- 
cea and hence the bundle or bifurcation 
(Yater and Cornell, 1935; Warsha\vsky and 
Abramson, 1947). All these changes in some 
instances may be associated with complete 
atrioventricular block \vith or \vit)ioul left 
bundle branch block. 

Rheumatic Heart Disease. Tlie conduction 
system may be involved both in the acute 
and in the healed phase of the disease (Mon- 
ckeberg, 1908; Mahaim, 1931, 1935; Campbell 
and Suzman, 1934, Gross and Fried, 1936, 
Crawford and Di Gregorio, 1947). In the 
acute phase, the general fibrositis, myocarditis 
and arteritis may involve the atrioventriculai 
node and bundle, directly or by contiguity 
with the central fibrous body and the mitral 
and aortic annulus. It is alleged that such in- 
volvement of the tricuspid valve does not 
affect the conduction system (Mahaim, 1931). 
Tlie above changes arc usually correlated 
with mild to moderate disturbances in atrio- 
ventricular conduction, and rarely ^vith com- 
plete heart block. In the healed phase, the 
conduction system may be involved by 
fibrotic phenomena originating from the aor- 
tic valve or the aortic leaflet of the mitral 
valve. Such changes usually involve the left 
or right bundle branches and less commonly 
and diffusely the node and atrioventricular 
bundle (Mahaim, 1935). Thus, partial or 
complete atrio^'entricxil.ar block is rare and 
left or riglit bundle brancli block is more 
common. 

Syphilitic Heart Disease. In syphilitic heart 
disease, the atrioventricular node, bundle and 
bundle branches may be involved in a gum- 
matous or a nonspecific myocarditis (Knimb- 
haar, 1908-09; DeWitt, 1910; Nuzum, 1914; 
Mahaim, 1931; Rosenthal, 1932; Sohv.al, 1935; 
Bravmstein ct of., 1940). In addition, there 
may he e.xlension of lesions from the aortic 
v,ilve or the sinmes of Valsalv.i. These lesions 
may be associated with excitatorj' electro- 
cardiographic abnormalities such as active 
nodal rhj’lhm, or with inhibitor)- phenomena 


such as atrioventricular block (Mahaim, 
1931). Likewise, in the healed or chronic 
phase of the disease, fibrosis of the atrioven- 
tricular node and bundle or bundle brandies 
may lead to partial or complete atrioven- 
tricular block or bundle branch block. 

Acute Inflammatory Disease of Heart. The 
conduction system may be involved by myo- 
carditis of any origin and may be secondarily 
influenced by contiguity with endocarditiy of 
the aortic and mitral valves. The conduction 
system may be involved along witli the atrial 
and ventricular m>'Ocarditis (Monckeberg, 
1908; Mahaim, 1931). Such involvement usu- 
ally occurs in the more severe cases of gen- 
eral myocarditis (Figures IV'16-20), Opin- 
ions differ as to whether tlie conduction 
system can be exclusively involved in this 
disease (Marvin, 1925; Mahaim, 1931). The 
sinoatrial node is usually affected least, the 
atrioventricular node less than the atrioven- 
tricular bundle, and the bundle branches most 
(Rosenthal, 1932). However, in the conduc- 
tion system the sinoatrial node may be in- 
volved exclusively, or the atrioventricular 
node maximally (Fleming and- Kennedy, 
1910-11). Thus, sinoatrial and atrioventricular 
conduction disturbances of an e.\citatory or 
inhibitory nature are common in myocarditis, 
producing sinoatrial, nodal or ventricular 
tachycardia, active nodal rhythm, partial 
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Figure IV-16. Section showing aciUe Inflammation of AV noile in ni>ocarcliHs. Hematoxylin anti eoxln. 
a (fefOi ^ 30, f) (ngfit), X 150. Arrows point to the node Area enclosed in square in a denotes region mag* 

nifietl in b. 


or complete atrioventricular block, bundle 
branch block or sinoatrial block (iNfnhatm, 
1931). 

Myocarditis with involvement of the con- 
duction system has been reported in diph- 
theria (Monckeberg, 190S, Fleming and Ken- 
nedy, 1910-11, Marvin, 1925; Stecher. 1929. 
Reid, 1930, Mahaim, 1931, Neubauer, 1943; 
Massey and Walker, 1948; Engle, 1949), scar- 
let fever (Monckeberg, 190S, Bernstein, 
193S, Paul et al., 1946), influenza (Dassen, 
1933), pneumonia (Swift and Smith, 1937), 
typhoid fever (Dassen, 1933, Logue and Han- 
son, 1945, Rantz et al , 1946), typhus (Logue 
and Hanson, 1945), tuberculosis (DeWift, 
1910, Menon and Rao, 1945; Rantz et al., 
1946), mumps (Rosenberg, 1945), measles 
(Clark, 1948), German measles (Logue and 
Hanson, 1945), malaria (Rantz et al., 1946, 
Kanatsoulis, 1948), and amebic hepatitis 
(Rawkins and Konstam, 1949). In diphtheria, 
the conduction system is often severely in- 
volved, yvitJi the production of partial or 
complete heart block. If the disease is not 
fatal, the conduction disturbance usually dis- 
appears. In a rare case, healing with perma- 
nent block has been described. In other U-pes 
of myocarditis, milder forms of block are 


more common than complete block, and the 
disturbances in conduction are evanescent. 

In acute or subacute bacterial endocarditis, 
tlie inflammatory process may extend from 
the aortic or mitral valve to produce lesions 
in the atrioventricular node or bundle (Mon- 
ckeberg, 1908, Mahaim, 1931, 1935; Rosenthal, 
1932; Stenstrom, 1927), and may produce 
changes of an excitatory' or inhibitory electro- 
cardiographic nature (Mahaim, 1931). An 
added factor in the pathologic change may 
be the associated myocarditis. In pericarditis 
the sinoatrial node may be involved. 

Neoplasms. The atrioventricular node, bun- 
dle and bundle branches may be compressed 
or replaced by priinaiy' neoplasms of the 
heart such as myxoma, angioma, sarcoma or 
metastatic tumor (Rosentlial, 1932; Mahaim, 
1945, Leicher, 1948). Of rare occiurence is 

the primary tumor of the atrioventricular 
node, called lyTOphangioendothelioma by 
Monckeberg and celothelioma by Mahaim 
(1945). This neoplasm probably originates 
from the pericardial mesothelial lining, mid 
is benign and self-limited. It usually replaces 
the greater part of the node anti is assochted 
srith complete atrioventricular block. 
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Other Involvement of Conduction System. 
The sinoatrial and atrioventricular nodes, 
bundle and the beginning of the bundle 
branches may be involved by fatty infiltration 
(Monckeberg, 1908) of a greater degree than 
is normal for the age of the individual, or the 
atrioventricular node may lose its muscular 
connections \vith the atria, as a result of re 
placement by fat (Oppenheimer and Oppen- 
heimer, 1914 ) . In rare instances these changes 
may cause atrioventricular block (Spain and 
Cathcart, 1946). Likewise, fatty degenera- 
tion of the myocardium in anemia, diabetes 
mellitus or toxic states may involve the 
conduction system, especially the bundle 
branches ( Monckeberg, 1908 ) . Such involve- 
ment allegedly may be greater or less than 
that of the myocardium itself. In subendo- 
cardial hemorrhage, the right and left bundle 
branches are especially involved and their 
fibers separated but not destroyed. Likeivise, 
in leukemia, infiltration may be found in the 
posterior part of the bundle and in the upper 
part of the left bundle branch (Monckeberg, 
1908). In uremia, it is assumed that changes 
of unknown nature in the conduction system 


account for the frequent incidence of atrio- 
ventricular block (Moore and Stewart, 1930; 
Kettner, 1947, Wright ct al., 1956). Likewise, 
it is thought that complete block in some 
cases of hemochromatosis (Petit, 1945) is 
related to pigmentary changes in the conduc- 
tion system. Injury to the pericardium lias 
rarely been associated ivith heart block (Cof- 
fen, 1930). 

Correlation of Electrocardiographic 
Changes with Lesions in Conduction System. 
Several organized and many isolated attempts 
have been made in the last 50 years to cor- 
relate electrocardiographic findings ivith le- 
sions in the conduction system. This has been 
done especially in atrioventricular block (Op- 
penheimer and Rothschild, 1917; Mahaim, 
1931, Rosenthal, 1932; Cordero, 1934; Yater 
and Cornell, 1935; Yater et al., 1936; Fiorio, 
1939-40, Lev and Unger, 1955, Rossi, 1955), 
and right and left bundle branch block (Op- 
penheimer and Rothschild, 1917; Mahaim, 
1931 and 1942; Rosenthal, 1932; Evans and 
Turnbull, 1937; Porto, 1938; Yater, 1938; Ad- 
darii ct ah, 1945; Lenfegre and Chevalier, 
1949, 1951; Lenegre et al, 1949, 1951; Lan- 
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Figure IV-18 Section showing acute inflammation of AV bundle and beginning of left bundle branch in 
myocarditis. Hematoxylin and eosin. <i (left), X30, b (ng/it), X 150. 

Arrows point to the bundle Area enclosed in square m a denotes region niangifled in b. 


geron ef al., 1950, Sanabria, 1930, 1953, Le- 
negre, 1952, Rossi, 1955), but also in paro.xys- 
maf tacfiycardi'a (Cowan et aC., 1913; Bames 
and Yater, 1929, Yater, 1929b; Mahaim, 1931, 
1932), atrial fibrillation and flutter (Schon- 
berg, 1909, Hedinger, 1910, Draper. 1911; 
Cowan et al., 1913; Yater, 1929) and nodal 
rhythm (Cohn, 1911-12; Cowan et al., 1913). 

Complete Atrioventricular Block. Pcima- 
nent, complete atrioventricular block is almost 
always associated with an interruptiv’e lesion 
either in the pre-atrioventricular nodal region, 
atriov’entncular node, atrioventricular bundle, 
the bifurcation or both the left and right bun- 
dle branches. These lesions are usually re- 
lated to hypertension and coronary' disease, or 
sclerosis of the aortic valve or aortic leaflet 
of the mitral valve. In a group of paradoric 
cases, allegedly complete destruction of the 
above structures did not lead to heart block 
(Mahaim. 1931). Likewise, cases have been 
reported of allegedly permanent complete 


heart block without lesions or with partial le- 
sions (Mahaim, 1931). Accordingly, nerve 
lesions (Rossi, 1955) or ischemia without his- 
tologic changes (Geraudel, 1925) have been 
postulated to explain the block. 

Bundle Branch Block. Despite the eveeJ- 
lent histologic studies of Mahaim (1931) and 
Yater (193S) on bundle branch block, cor- 
relation of necessity must largely begin wiiJi 
the era of precordial leads. Histologic studies 
before this era, however, reveal general un- 
animity that lesions of the bundle branches 
are usually bilateral. 

Since the introduction of precordial leads, 
Sanabria (1930, 1953) and Langeron and his 
co-workers (1950) and especially Lenegre 
and his associates (1949, 1931, 1952, 1955) 
have studied bundle branch block. Sanabria 
found no correlation between the electrocar- 
diographic pattern called bundle branch 
block and histologic lesions in the bundle 
branches. On the other hand, Langeron and 
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his colleagues found excellent correlation in 
one case. Likewise, Lenegre in a large series 
of cases found the following correlations: The 
electrocardiographic pattern called complete 
right bundle branch block is associated with 
major lesions in the right bundle braneli, usu- 
ally in the middle portion but occasionally at 
its beginning or at its terminal part. This type 
of block was found mainly in coronary, Ijyper- 
tensive and vaortic disease, fe^v cases having 
congenital, mitral or pulmonary disease. The 
electrocardiographic pattern called incom- 
plete right bundle branch block, however, 
was rarely correlated with major alterations 
in the right bundle branch. This type of pat- 
tern was seen exclusively in congenital, mitral 
and pulmonary lesions. The electrocardio- 
graphic pattern was closely associated with 
right ventricular hypertrophy, although oc- 
casionally right ventricular hypertrophy was 
not present. These findings are in line with 
the liemodynamic studies of Braunwald and 
his associates (1956). Complete i>ermanent 


left bundle branch block was closely cor- 
related by Lenegre with extensive lesions of 
the left bundle branch, although occasionally 
it was seen in patients with minimal or no 
lesions of the left bundle branch. This was 
found exclusively in association with aortic, 
coronary or hypertensive lesions. Not a single 
case of heart disease favoring the Iiypertrophy 
of die right ventricle was found in this group. 
The left bundle branch was generally in- 
volved at its origin, but sometimes more dis- 
tally. Likewise, incomplete left bundle branch 
block was usually correlated with severe 
lesions of the left bundle branch, although a 
few cases showed mild lesions, and m an 
occasional case no lesion was found. This was 
again the case in aortic, coronary and hyper- 
tensive disease. Tlie contralateral branch in 
all these abnormalities was normal or mini- 
mally involved. On the contrary, Mahaim 
(1931) and Yater (1938) believe that uni- 
lateral lesions are rare. In bilateral or un- 
stable bundle branch block, Mahaim (1942) 



Figure lV-19. Scvlion slvowing acute inflainnutmn %silh niarkctl nocTO'iii of 
fibers of left bnnille tirancli in myocarditis. IIeniJtot>lm jikI cosin. X300. 
i^rrosst point to some necrotic fibers. 




Figure IV-20. Section shoMing acute inB^mmation of nght bundle branch In nowarditLt, Hematoxylin and 
eosin. a (left), X30, b (right), X 150. Arrows point to right bundle branch in a, which is the area depict^ 

m b. 


and Lenkgre (1952) have found lesions in 
both bundle branches. 

In agreement tvifli Sanabria (1953), Glom- 
set and associates (1944), Glomset and Birge 
(1948) and Bossi (1955) do not feel that the 
electrocardiographic pattern of bundle branch 
block has an anatomic basis in the conduction 
system. Kossi (1955) has postulated that the 
basic lesion may lie in pathologic changes in 
the nerves of the conducting system. 

Other Arrhythmias. In parotysmal tachy- 
cardia, atrial fibrillation and atrial flutter, 
acute inflammatory changes have been de- 
scribed in the sinoatrial or the atrioventricular 
node or in both nodes. Howei’er, in the 
opinion of Yater (1929b) and Monckeberg 
(1924), there is no known common anatomic 
basis for these electrocardiographic abnor- 
malities. In nodal rhythm, lesions have been 
described in botli the sinoatrial and atrioven- 
tricular nodes. 

Effects of Conduction Disturbances upon 


Function of Heart. Complete heart block per 
sc produces slight to moderate hypertrophy 
of llie heart (Campbell and Suzman, 1934). 
This is related to an increase in stroke volume 
with a normal minute volume (Alt ef nh, 
1930. Smith et ah, 1930). Tims, there is a 
slight elevation of systolic and a fall in dia- 
stolic pressure (Butler and Levine, 1930). 

Since acquired heart block is ustially asso- 
ciated with organic disease of the ventricular 
myocardium, the prognosis is related to the 
degree of integrity of tlie myocardium, and its 
ability to initiate an independent rhj’thm. 
Wiere such disease is relalii’ely lacking, as in 
congenital heart block, the block permits long 
sur\'ival. Bundle brancli block per se is not 
knowTi to alter appreciably the [unction of the 
heart. Severe tachycardias of any kind which 
markedly increase the ventricular rate may 
seriously affect the cardiac output, but ma)’ 
not in themseli’es be associated ivitb an>’ re- 
markable morphologic change in the heart. 
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1. INITIATION AND CONDUCTION OF CARDIAC IMPULSE 


Specialized Tissue 


F or gross and microscopic description of 
the Conduction System, see Chapter IV. 
Electrical and Mechanical Units. If a por- 
tion of myocardium from either atriiim or 
ventricle is attached between two hooks, one 
fixed and one attached to some form of trans- 
ducer, it is possible to record the contractile 
effort of the tissue when it is e.xciled. If a 
suitable amplifier and recording galvanometer 
are connected (a) to a mfcro-eJectrode whidi 
has been inserted through the cell membrane 


and (b) to another electrode which makes 
contact with the exterior of the cell, it is possi- 
ble to record tlie simultaneous changes in 
transmembranal potential which occur diuring 
excitation and response. Figure V-1 is a sche- 
matic diagram of the contraction and of the 
transmembranal potentials recorded in atrial 
tissue by this method of Hollander and ^^'ebb 
(1955). In these e.xperiments, the resting po- 
tential, representing the difference in poten- 
tial recorded during diastole compared to that 
recorded by the same pair of electrodes when 
both vv’ere in contact with the exterior of the 
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cell, had an average value of 62 millivolts, 
\vith the interior negative with respect to the 
exterior. During activity of the atrial tissue, 
the interior became negative with respect to 
the exterior, the average overshoot was 13.2 
mjlJivolts, and the action-potential lasted, on 
the average, 61.7 milliseconds, 

Site of Primary “Pacemaker.” Anatomic 
studies (see Chapter IV) have demonstrated 
specialized tissue in the right atrium at its 
junction with the superior vena cava, which 
IS designated the sinoatrial node. Numerous 
physiologic studies have shown that this tis- 
sue is the site of the normal pacemaker of the 
heart. 

Secondary “Pacemakers.” If the excitability 
of the sinoatrial node is relatively depressed, 
one of the several regions that ordinarily have 
lower excitability may serve as the pace- 
maker. In order of descending excitability, 
these regions are the atrioventricular (A-V) 
node, the A-V bundle above the bifurcation of 
the conduction system, the atrial tissue, the 
branches of the A-V bundle, and the ventricu- 
lar musculature. The cardiac rate, with the 
sinoatrial node as pacemaker, may vary from 
45 to 170. The inherent cardiac rate with ini- 
tiation of impulse in the atrioventricular node 
or the common bundle, i.e., nodal or supra- 
ventricular rhythm, is 30 to 60 (usually 35 to 
50) per minute. When the pacemaker is lo- 
cated in the ventricle (presumably in one of 
the bundle-branches), the inherent rate is 
usually of the order of 20 to 30 per minute. 

( See also Table V-1, page 207. ) 

Mechanism of Action of Pacemaker. Tram- 
membranal action-potentials have been re- 
corded from micro-electrodes inserted into the 
tissues that serve as pacemakers (Figure V- 
2A). Tlie difference in potential may amount 
to 100 millivolts at the moment of maximum 
repolarizatfon (diastole) when the interior of 
the tissue is negative with respect Co its ex- 
terior. Tlie difference in potential then slowly 
decreases to a critical level at which depolar- 
ization abruptly occurs (systole) and the re- 
cording line crosses the line of zero potential. 
Repolarization begins after a brief pause. 
Non-pacemaking tissue ( Figure V-2B ) show's 
a similar c>'clic change in potential, except 


that a period of constant potential persists 
after repolarizatfon is completed, i.e., the 
curve is flat. Apparently the rate at which a 
pacemaker “fires” is determined by (a) the 
slope of the differences in potential during 
diastole ( the more rapid the decrease in trans- 
membranal potential, the earlier the initiation 
of the next impulse), and (b) the degree of 
instability of the tissue (Brooks et ol, 1955). 

Conduction of Cardiac Impulse 

Conduction in Atrium. The mammalian 
atrium has no special conduction path. The 
cardiac impulse spreads centripetally at the 
rate of 60 to 120 cm, per second, allowing the 
wave of electrical negativity to reach the 
right auricle (atrial appendage) approxi- 
mately 0.03 second, the left auricle 0.045-0.06 
second and the A-V node 0.02-0.045 second, 
after the initiation of the impulse in the S-A 
node. 

Conduction in Atrioventricular Node. Pre- 
cise measurements of the rate of conduction 
through the A-V node are not available be- 
cause of the inaccessibility of the node (Seller, 
1955). It may be assumed that the impulse 
is conducted slowly, requiring at least 0.05 
second. The cardiac impulse passes readily 


DURATION or CONTRACTION 
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descripliot), ste Icxt. (Reprcxliicctl from Hollander 
and Webb, 1955 ) 
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Figure \’-2 Transtnenibranal acQon-poCenlials of sin- 
gle Piuklnje fibers. A indicates induced activity in a 
quiescent preparation; C, spontaneous activity re- 
corded from a pacemaker area. (Reproduced from 
Brooks et a!, 193o ) 

from atrium toward ventricle; but normally 
it passes in tlie reverse direction with diffi- 
culty, if at all. Occasionally an accessory path 
a faster velocity of conduction allows 
pre-excitation of a portion of the ventricle, 
giving rise to the ^\'olff-Parkinson-^Vh^le syn- 
drome of short P-R interval and prolonged 
QRS (reviewed by Soulie, 1954). 

Conduction in Ventricles. The impulse in 
the subendocardial muscle and at least one- 
half of the thickness of the adjacent free ven- 
tricular wall spreads at the rate of 1.5 to 5-0 
(average 1.8) meters per second. Tlie average 
rate of conduction at right angles to the wall 
is 300 mm. per second. Tliere is no preferen- 
tial spread along muscle bundles, compared 
to that at right angles to the superficial fibers. 

The earliest activity occurs on tlie left side of 
the interventricular septum (Figure V-3). Much 
of the septum is excited by double envelopment 
from both endocardial surfaces, correlating witli 
the Q wave in lead 11 of the electrocardiogram 
(Seller et al., 1955). The points of earliest ac- 
tivity in the wall are on the endocardia! surfaces 
of both ventricles at the junction of the free wall 
and septum in tlie mid-anterior region. The er- 
citation spreads through both base and apex to- 


wards the left and right sides and from within, 
outwurds (Seher et al., 1953, 1955; Sodi-Pallares 
ct a/, 1955). The last area to be acliv'aled is the 
basal portion of the septum (Scher and Young, 

1956) . Fibrosis or other change may constitute a 
barrier to the normal spread of conduction (Scher 
et al., 1955). 

Mechanism of Conduction. Conduction of the 
impulse in the heart, like that of nerve, is propa- 
gated m waves. The rate of propagation is de- 
pendent on the properties inherent in each por- 
tion of the tissue through which tlie impulse 
trav'els. Following excitation, a period elapses 
during which the membrane will not respond to 
an impulse or other form of stimulus. This inter- 
val is designated the absolute refractonj period. 
A relative refractory period then follows during 
which the membrane will respond only to a stim- 
ulus that is stronger than normal (Hoffman et al., 

1957) . 

The recover)’ of membrane-potential during 
the refractory periods is not a wave-like phe- 
nomenon or conducted impulse but is dependent 
upon the local metaboL’c activity at each point. 
Changes in the rate of recover)’, and inversely, 
therefore, of the duration of the refractory period, 
frequently parallel changes in the velocity of 
propagabon of the impulse, but the two are prob- 
ably not causally related. Impulses which are 
inibated during the relative refractory period are 
conducted at a rate which is slower than normal. 
WTien the absolute refractor)’ period of a portion 
of the conduction s)stem becomes longer than 
the interval between two cardiac impulses, tlie 
second of the two impulses dies out as it reaches 
an area which is still refractor)’, producing a 
form of heart block (see page 204). 

Ventricular Excitability 

Law of “All or None.” If a quiescent ven- 
tricle is subjected to a series of single stimuli 
which are progressively increased in strength 
and spaced not closer tlian one per second, 
no contraction will result until a certain in- 
tensity is reached — the threshold stimulus. 
Further increase in intensit)’ of stimulus will 
not, bovv-ever, increase the strength of the re- 
sponse. The v’enlricle, therefore, responds 
maximally or not at all to a given stimulus. 
In this regard and despite its multinucleated, 
multifibrillated structure, it behaves like a 
single skeletal muscle fiber, rallier than a 
skeletal muscle composed of many fibers. 
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Refractory Period of Ventricle. Like the 
conduction tissue noted above, the ventricular 
myocardium becomes completely refractory 
upon responding to a stimulus and remains 
refractory until or shortly after, the begin- 
ning of relaxation. A relative refractory pe- 
riod then follows in which excitability grad- 
ually returns to normal (Brooks et ah, 1955, 
van Dam et al, 1956). It is thus impossible 
to induce a state of complete tetanus in car- 
diac muscle even with rapid, strong stimuli. 
However, with rapid repetition, some of the 
stimuli will fall in the "vulnerable” period of 
a previous contraction, i.e., early in diastole, 
and may start a continuously moving impulse 
which keeps traveling about the ventricle im- 


mediatdy after the preceding response and 
thus establishes the state known as oentn'c- 
ular fUjrillaiton (see page 202). The refrac- 
tory period shortens with increase in heart 
rate and lengthens \vith slowing and with 
strengthening of the heart beat. The changes 
are principally in the absolute refractory pe- 
riod, with little change in the relative refrac- 
tory period (Brooks et ah, 1955). The refrac- 
tory period tends to be shortest in atrial tissue, 
intermediate in the ventricular muscle and 
longest in the nodal tissue. Variations in re- 
fractory period, particularly of nodal tissue, 
play a part in the genesis of certain arrhyth- 
mias (see Part B, Abnormal Cardiac Func- 
tion). 



Figure \'-3. Djagram% illustraUng the spread of escilation in 
the two ^cntricle^, as sliown by imertion of multiple contact 
needles in various diTcctions through the walls of the heart 
as Indicated by the solid bncs. Tlie lime scale corresponding 
to the shading is indicated in the diagram in the tipper right, 
and the position of sections in the diagram in the lower right. 
The figures in the time scale represent milhseconds. (ftepro- 
diiccd from Seber and Young, 105Q. ) 
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2. CARDIAC CYCLE 


Pressure and Volume Curves 

An understanding of the events in the car- 
diac cycle may be derived from study of 
simultaneous records of cardiac volumes and 
pressures within the pulmonary trunk, aorta, 
atria and ventricles (Figure V-1). 

Methods for Cannulaling Cardiac Cham- 
bers. Pressure curves in animals were first 
obtained by inserting cannulae into the car- 
diac chambers through their walls. A similar 
technique has been used in persons under- 
going surgery for pulmonary disease (Braun- 
wald et ol., 1956). More commonly pressures 
are recorded from the right atrium and ven- 
tricle and pulmonary trunk in man by passing 
catheters into these chambers by way of the 
antecubital vein and the superior vena cava 
under fluoroscopic guidance ( Coumand et al., 
1944, Richards, 1946, Dexter, 1947; and Sos- 
man, 1947). Pressures have also been re- 
corded from the left ventricle of man by a 
catheter passed toward the heart by way of a 
carotid artery and then retrograde through 
the aortic valve (Zimmerman et al., 1950) and 
by direct transthoracic ventricular puncture 
(Buchbinder and Katz, 1949). 

Pressures In the left atrium of man have 
been recorded by means of a needle inserted 
into the atrium by way of the trachea (Gun- 
ning and Linden, 1958). This technique has 
also been employed to insert needles into the 
aorta and pulmonary trunk (Allison and Lin- 
den, 1955). Fine catheters have been passed 
into the left ventricle by means of needles 
inserted through the wall of the pulmonary 
vein or left atrium (Bjbrk and Malmstrom, 
1954; Connolly et al., 1954). This technique 
is useful in the study of patients with mitral 
and aortic valve disease. However, the punc- 
ture may cause major complications, sucdi as 
cardiac tamponade, ventricular fibrillation, 
cerebral embolism, pneumonia and pericar- 
ditis, and should, therefore, be used only 
when the information to be obtained is neces- 
sary* for a decision as to surgical exploration 
(Bagger et al., 1957). 


“Pulmonary capillary pressure” ('T.C.P. — 
wedge pressure”) is recorded by passing a catlie- 
ter by way of the right atrium, right ventricle, 
and pulmonary tnink until it becomes lodged in 
a smalt branch of one of the pulmonary arteries 
(Heltems et al., 1948; Gorlin and Haynes, 1950). 
“Wedge pressure” is believed to be a reasonably 
accurate reflection of the magnitude and contour 
of the left atrial pressure in man m both normal 
and assisted respiration (Connolly et al., 1954; 
Wilson et al., 1955). “Wedge pressures” have 
been recorded by catheters passed in a similar 
manner in the reverse direction into a pulmonary 
vein. Such pressures are usually lower than tlie 
mean pressure in the pulmonary’ trunk and e.xceed 
the mean left atrial pressure. A positive correla- 
tion exists beriveen the pulmonary arteriolar re- 
sistances and the difference between the wedge 
pressures in the pulmonary veins and tliose in 
the pulmonary trunk. The oxygen saturation of 
blood from the pulmonary-vein wedge catheter 
uTuformly exceeds that of the left atrial blood and 
usually that of the blood of the pulmonary \’ein 
(Connolly and Wood, 1955; Wikon et al., 1955; 
reviewed by Gregg, 1955). 

Right atrial pressure can be estimated by a 
manometer connected to a needle inserted 
into an antecubital vein only when the sub- 
ject is supine and all portions of the vein be- 
riveen the needle and the heart are below the 
level of the heart. With the subject sitting, 
the internal pressure in the vein as it passes 
over the upper portion of the thoracic cage is 
less than atmospheric pressure and the vein 
therefore collapses. The needle is thus no 
longer connected by a continuous column of 
fluid with the heart and cannot correctly re- 
cord atrial pressure (Davis and Shock, 1949). 

Pressure Manometers. Various forms of 
pressure manometers have been attached to 
such cannulae and catheters for making a 
permanent record of the pressures at each 
instant in the heart c>'cles. The types most 
commonly used at the present time are all 
membrane-manometers. In the case of the 
optical manometers, flexing of the membrane 
causes a light beam, reflected from a mirror 
attached to tlie membrane, to move trans- 
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versely across a strip of photographic paper 
which is moving vertically. In the direct-writ- 
ing type of pressure-manometer, the mem- 
brane is attached to a resistance or capaci- 
tance unit in such manner that the resistance 
or capacitance varies with the degree of flex- 
ing of the membrane. The fluctuations in 
resistance or capacitance are amplified and 
then fed into some form of recorder, such 
as a cathode ray oscillograph, an ink-\vriting 
oscillograph, or one that writes by passing a 
heated stylus over plastic-coated paper 
(Green, 1950a; Lambert, 1950). A minute 
manometer which can be inserted directly 
into the cardiac chambers has been devised 
by Ellis and associates, (1951), It is attached 
to the tip of a cardiac catheter, has the same 
caliber as the latter, and gives faithful repro- 
duction of intravascular pressures. 

Standard Zero Reference Plane for Measur- 
ing Pressure. The numerical value obtained 
from measurements of pressure in the cardio- 
vascular system depends, of course, upon the 
horizontal plane to which zero pressure is 
referred. Most commonly this has reference 
to the assumed level of the center of the 
atrium. Stead and associates (1945) place 
this plane 5 cm. posterior to the fourth costo- 
chondral junction, with the subject supine. 
MoMichael and Sharpey-Schafer (1944) used 
the posterior surface of the thorax. Holt 
(1940) determined the level of the meniscus 
of a saline manometer, with the subject prone, 
then supine, and placed the reference plane 
half-way between the levels assumed by the 
menisci in the two positions. A reference 
plane 10 cm. ventral to the skin of the back 
with the subject supine (Green, 1950b) ap- 
pears to be the one most generally used and 
I shall, therefore, refer to it as the standard 
zero reference plane. 

Measurement of Internal Diameters of Ven- 
tricle. The internal diameter of the ventricles 
has been measured throughout the heart cycle 
in anesthetized and unanesthetized dogs by 
gauges attached between opposing walls of 
the ventricular cavities in various directions 
using electrically recording strain gauges 
(Rushmer, 1934, 1956a). 

Ventricular and Atrial Pressures. Ventricu- 


lar Volume. The events portrayed in Figure 
V-4 are applicable to both the left and right 
chambers of the heart, except that the magni- 
tude of the pressures are less in tiie rigJjt 
chambers. 

The rate of entrance of blood into the ven- 
tricles, particularly during rapid inflow, is a 
function of the pressure in the atrium and of 
the rate of relaxation of the ventricle, i.e., of 
the acceptance of the \'entricle. Some investi- 



Figure V-4. Relationship befs^cen aortic pressure AP, 
inlravenlnciilar pressure VP, atrial pressure AlP. 
jugular vein pulsations /P, and changes in \cntriculaj 
volume VV, dunng a hc.art c>clc. VD, ventricular 
diastole, VS, ventricular systole, AS. atrial systole: JC, 
isometric contraction; ME, inaximuni ejection: 
reduced ejection; P, protodiastole, IR, isometric re- 
laration; R/, rapitl inflowj £?, diastncif. AWC, atno- 
ventricular \tilve closes, A\'0, aortic valve opens; 
AVC, aortic v.alse clones.; AVVO, atrioventricular valve 
opens. A. atri.'il (presjstolic) wave; C, carotid (sys- 
tolic) wave; V, vcntncul.ir (diastolic) wave, Z, point 
in atnal pressure corresponding to beginning of v-en- 
tncular contraction, .V, drop in atrial pressure during 
atrial neLnation; 1', drop in .afri.al pressure during 
rapid emptying of alrimu into ventricle. These curves 
are schcinabc and have been e\agg« ralitf. pirticnlarly 
the atrial pressure curve, in order to actenliiato the 
various deflections, (ntproduced from Medtcal Phys- 
ics, Green, 1950, motlified after Little rt al, 194S, 
ami OpdyVe ct at , 1918.) 
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gators claim that the relaxation of the ventri- 
cle can actually suck blood into the ventride 
but I doubt if true suction, i.e., an intra-ven- 
tricular pressure less than extra-^’cntricular 
pressure, ei'er truly occurs outside of unusual 
laboratory conditions. 

The pressure in the left ventricle oscillates 
between 5 mm. of mercurj’ diastolic and 90 
to 140 mm. of mercurj' systolic in the course 
of the normal heart cycle. The pressure in 
the right ventricle in man normally raries be- 
hveen 19 and 27 mm. of mercury systolic and 
— 0.5 and -{-6 mm. of mercurx’ diastolic with 
reference to atmospheric pressure at the 
standard zero reference plane (see above) 
(Battro ct al., 1949; Richards, 1949, Dexter 
ef al., 1950). The pressure in the atrium and 
ventricle just at the moment of onset of ven- 
tricular systole, f.c., just before closure of the 
atrioventricular valve, is called the "end dias- 
tolic pressure.” In both man and animals this 
pressure is usually higher in the left chambers 
than in the right chambers. The pressures in 
the right atrium oscillate with respiration be- 
tween —7 and +16 mm. of mercurx' meas- 
ured with reference to atmospheric pressure 
at the level of the standard zero reference 
plane, with the person supine. (See page 
171.) 

Pulmonary Capillary Pressure (“\Vedge 
Pressure”). (See page 170.) The left atrial 
pressure has been thought to be closely ap- 
proximated by measurement of “pulmonorfj 
capillary pressure.” However, recent studies 
suggest that when left atrial pressure is un- 
usually high, as in the presence of mitral 
stenosis, the pulmonary capillar^' pressure 
may be only approximately half tlie true atrial 
pressure (Murphy, 1958). The normal value 
for “pulmonary capillary pressure” is 5 to 12 
mm. of mercury, the average value being 6 
to 9 mm. (Hellems et al., 1948; Dexter et al., 
1950). By simultaneous measurement of pul- 
monarj' capillary pressure and cardiac out- 
put, Gorlin and Haymes (1950) believe they 
can estimate accurately the cross-sectional 
area of the mitral \’alve. For these estimates 
they assume left atrial pressure to be 5 mm. of 
mercury’ wth reference to the standard zero 
reference plane, ^\’ith the subject supine. 


In both man and dog, direct atrial puncture 
usually yielded pressures in the left atrium which 
exceeded those of the right atrium throughout 
most of the atrial cycle. This difference was usu- 
ally greatest at the “\' point” (Opdyke ct al.. 
1948; Braunwald, ct al., 1956). Opdyke and as- 
sociates explain the higher pressures on the left 
side as a result of the left veno-atnal system being 
less distensible than the right. My own inter- 
pretation is that a slightly higher end-diastohe 
pressure is required hy the left x’entriele than 
by' the right ventricle to maintain equal stroke- 
volume outputs. 

Time Helations in Man. Records of the 
events in the human heart, obtained by di- 
rect puncture of the four chambers during 
operation for pulmonary disease (Figure V-5) 
indicate that contraction of the left atrium 
begins before contraction of the right atrium, 
while contraction of the left ventricle begins 
after, but is completed before, tliat of the 
right ventricle (Braunwald et ah, 1956). 

Jugular Venous Pressure. Jugular venous pres- 
sure (Figure V-4, JP) is practically identical with 
atnal pressure e.xcept for the presence of a sharp 
nse m pressure that corresponds \rilh the onset 
of ventricular ejection, uluch is produced hy the 
impact of the underlying carotid artery' as it ex- 
pands with the nsing aortic pressure. The A (P) 
wave IS absent in atrial fibrillation; since the triple 
wave may be seen readily w’ith a normal heart, 
the presence of a double, instead of a triple, wave 
makes it possible to diagnose atrial fibniiadon 
clinically. The amplitude of the A vv-ave is in- 
creased dunng augmented venous return and de- 
creased dunng diminished venous return. 

Pressure in Aorta and Pulmonary' Trunk. 
As the result of the ejection of blood into 
the aorta in an intermittent stream, the pres- 
sure in the central aorta pulsates with each 
heart cycle (Figure V-4). Tlie notch corre- 
sponding to the closure of the aortic valve 
is called the incisura, the bottom of the 
notch marking the moment when the aortic 
ralve closes. A slower wave of rising and 
falling pressure, frequently recorded follow- 
ing the incisura, is caused by the reflec- 
tion from distant bifurcations of the wave 
generated by tlie preceding ventricular ejec- 
tion. With slow’ heart rates, a second slower 
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wave may be noted just before tl«i next 
systole. This wave may be a reflection of the 
dicrotic wave from the periphery. Waves of 
still higher frequency ma}’ be superimposed 
on the systolic phase of the aortic pressure 
curve, produced by reflections of the periph- 
erally propagated initial pressure rise from 
nearby arterial bifurcations. The pressure in 
the pulmonary trunk undergoes similar oscil- 
lations. 

Method for Obtaining Systemic Arterial 
Pressure. Tlie precise pressure in the systemic 
arteries is best obtained by inserting a needle 
into an artery and connecting the needle %vitb 
a suitable recording manometer. For prac- 
tical purposes the arterial pressure may be 
estimated with the clinical sphygmomanom- 
eter. At a pressure just below systolic pres- 
sure. a short pulse of blood flows under the 
cuff of the sphygmomanometer and gives rise 
to a sound (the first phase) which can he 
heard with a stethoscope placed over the 
artery just distal to the cuff. As the cuff pres- 


sure is low'ered, the sound becomes louder, 
thumping and roaring (second and third 
phases). At still lower cuff pressures, the 
sound suddenly diminishes in intensity 
(fourth phase), then at a pressure about 5 
to 10 mm. of mercury lower, disappears en- 
tirely (fifth phase). Opinions differ as to 
whether the fourth or fifth phase should be 
taken as signaling the correct diastolic pres- 
sure, but the majority favor the fifth phase. 
It is probably better to record both. To obtain 
reasonably satisfactory readings the person 
should be seated, the cuff should be at least 
12 cm. wide for use on the adult arm (a wider 
cuff would be preferable for persons with 
large fatty arms), and the arms should be re- 
laxed and slightly abducted. 

Normal Values of Arterial Pressure. Ac- 
cording to Dublin and associates (1950), 
among persons in their twenties, systolic pres- 
sure ranges normally from 95 to 120 mm. and 
diastolic pressure, from 62 to 88. These values 
increase progressively with age, the increase 



Figure V-S. Diagrammalic representation of elctlncal and incclwnical 
eventv iti fliC right nrid left Jfn’a and scntricics in iionnal persons. 
1, onset of nglit .itn.al eontraclion, 2, onset left atri.al contraction, 
3, onset of left \entriaiUr contraction; 4, onsft of ngJit scntncuJ.ar 
contraction; 5, onset of nglit \entricnlar t'jcction, 6, onset of left 
ventricnlar ejection; 7. end of left ventricular ejection; 8, end of 
nglit scntriciilar ejection The striped areas represent scnlncul.ir 
isometric contraction, the stippled areas, ventricular ej'cttion. ( fleprij- 
diiccd from Drammald, Rslinwn and CcHirnand, lOoG ) 
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in systolic pressure becoming more r.\pid 
about age 50, so that in the age group 60 to 
64, normal systolic pressure ranges between 
115 and 170 and diastolic pressure, between 
70 and 100. In a given individual, the pulse 
pressure (systolic pressure less diastolic pres- 
sure) closely parallels . stroke-volume output 
of the heart. The pressure in the pulmonary 
tnink varies normally between 19 and 27 mm. 
of mercury, (average, 23 mm.) systolic, and 
6 to 12 mm. of mercury (average, 9 mm.) 
diastolic (Hellems et al, 1948, Dexter et nl., 
1950). 

Peripheral Arterial Pressure. The aortic 
pulse is transmitted through the aorta and 
large arteries at a velocity of 5 to 10 meters 
per second. As the pulse wave approaches 
the large peripheral arteries, such as the radial 
or femoral, the peak of the wave occurs pro- 
gressively earlier, relative to the start of the 
rise of pressure. The peak is also higher and 
sharper than that in the arch of the aorta. 
This wave is reflected back from these periph- 
eral arteries to the arch of the aorta, forming 
the slow wave noted there following the in- 
cisura. It is then reflected back to the periph- 
eral vessels forming the dicrotic wave (Fig- 
ure V*6) (Hamilton, 1950). 

The dicrotic wave, m turn reflected back to 
^vard the aortic arch, may be responsible for the 
late diastolic wave in the central aortic pressure 
curve. The forvvard and baclnvarcl undulations, 
superimposed on the mam cardiac pulse beat in 
the aorta, are called the standing waves (Hamil 
ton, 1944) or the resonant waves (Spencer et al , 

1958). 

Cardiac Movements 

The apical portion of the pericardium is 
rigidly attached to the relatively fixed dia- 
phragm, whereas the basilar portion of the 
pericardium is attached to the superior medi- 
astinal blood vessels and other structures 
which are distensible. Thus, since no space 
may be present between the epicardium and 
pericardium, the apex remains in contact with 
the diaphragm, whereas the base descends 
with each ventricular systole. 

The myocardial fibers are arranged spirally. 


As a consequence, the heart rtitates on its 
vertical axis with each sj'stole, producing the 
apical thrust noted on palpation of the chest. 
The apical thrust is also thought to be due to 
recoil of the apex of the heart as the blood 
is ejected from the x’entricles. Tlie thrust can 
be divided into two components. The first be- 
gins about 0.08 seconds after the beginning 
of electrical excitation, owing to the recoil 
of the right ventricle. The second begins about 
O.ll seconds after the onset of electrical exci- 
tation, and about 001 second before the be- 
ginning of the carotid artery upstroke; it is 
believed to be of left ventricular origin (Ed- 
dleman ct al., 1937). 

Roentgenkymography and Electrok-ymog- 
raphy. The movements of the borders of the 
cardiac chambers and great vessels and tlie 
pulsations of the lung fields have been re- 
corded by roentgenkymography and electro- 
kymography. In the former, an x-ray cassette 
is moved vertically past a series of narrow, 
horizontal slits about a centimeter apart in a 
lead shield during a continuous .x-ray expo- 
sure. The resulting x-ray film shou's a scal- 
loped silhouette for the heart, from which 
one can interpret changes in lateral movement 
of the cardiac silhouette. 



Figure V-6. Pressure curves recorded simultaneously 
from the aortic arch (curve which rises first) and 
from the femoral artery. The first arrosv (— • ”^) 
indicates the pressure ‘‘peak’* which Js transmitted 
from the aortic arch to the region of tlie femoral 
artery. The second arrow ( — — ~* ) indicates the re- 
flection of the pressure “peak” in the femoral artery 
region b.ick to the aortic arch, producing a post-incis- 
wal rise of pressure in the latter lesion. The third 
arrow (— • — *) indicates Uie reflection of the post- 
incisural "peak” in the aortic arch region hack to the 
femoral artery region to produce the dicrotic wasc. 

(Redrawn after Hamilton, 1911, 1950.) 
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In the electrokymograph, a phofomulliplier 
tizbe records the light emitted from a narrow 
strip of fluorescent x-ray screen placed at 
right angles to a border of the heart and 
radiated by an x-ray beam directed through 
the chest. Tlie resulting record reproduces the 
movement of the border and has proved use- 
ful in the interpretation of normal and ab- 
normal cardiac and vascular movements 
(Boone ct al., 1949; Gillick and Schneider, 
1949). 

Cardiac ventrictdographij. X-ray visualiza- 
tion of the cardiac chambers is made possible 
by the intravenous injection of a radiopaque 
substance during fluoroscopy or while making 
Y-ray films. However, direct injection into one 
or the other ventricle by transthoracic punc- 
ture may provide more precise information 
regarding the presence and magnitude of 
mitral or tricuspid regurgitation, or of a left 
ventricular aneurysm (Lehman ct al , 1957). 

Heart Sounds 

First Heart Sound. The first lieart sound is 
produced primarily by the snapping shut of 
the two atrioventricular valves at the begin- 
ing of isometric contraction (Dock, 1945). 
Contributory factors may be the sudden de- 
velopment of tension in the ventricular mus- 
cle and the chordae tendineae (Orias, 1949). 
Rushmer (1957) suggests that contraction of 
the papillary muscles contributes to the first 
sound by pulling the atrioventricular leaves 
together. The sound caused by closure of tlie 
mitral valve is heard best at tlie point of 
apical impact, usually in the fifth interspace 
in the midclavicular line. The sound from 
the closure of the tricuspid valve is heard 
best in (he sixth interspace just to the right 
of the sternum. The inter^\al from the begin- 
ning of rise of ventricular pressure to the 
beginning of the first heart sound is minimal 
with a normal period between atrial systole 
and ventricular systole. In ectopic beats of 
the ventricle or in absence of the atrial beat, 
the interval is significantly increasctl. It is 
thought that with normal ventricular beats, 
the orifices of the atrioventricular valves are 
nearly closed prior to ventricular ss'stole by 


the preceding atrial systole, where.is in the 
absence of an immediatel)' preceding atrial 
beat, the open orifices of these valves must be 
closed by ventricular systole (Little et at, 
1954; Gregg. 1955). 

Second Heart Sound. The second heart 
sound, produced by. closure of the aortic 
valve, is heard best in the second right intef- 
space; that produced by closure of the pul- 
monic valve, in the second left interspace. A 
split second sound may be produced when 
the two semilunar valves close asynchronously 
(Orias, 1949). 

Third Heart Sound.The third heart sound 
is associated with the rapid inrush of blood 
into the ventricle during the descending limb 
of the V wave of the jugular and atrial pres- 
sure curves. The third heart sound is also 
believed to result from vibration of the ven- 
tricular walls because erf their sudden disten- 
sion (Boyer, 1942; Orias, 1949), from sudden 
tensing of the atrioventricular valves by a 
wave reflected from the ventricular walls 
(Dock et al , 1955), and from tensing of the 
pericardium (Dunn and Dickerson, 1955). 

It is recordable in from 26 to 85 per cent of 
normal penons, depending on the sensitivity of 
the recorder to vibrations of low frequency. A 
third heart sound, designated as an "opening 
snap” may be present 0.04 to 0.12 second after 
the onset of the second sound. It is most common 
in the presence of mitral stenosis and may even 
be the only auscultatory sign of mitral stenosis 
(Warren et at, 1958). In some instances, gallop 
rliythm results from intensification of the third 
heart sound (see below). 

Foiu-th Heart Sound. The fourth heart 
sound is associated with contraction of the 
atrium. It has been recorded in 27 per cent 
of norm.ll persons. It Is audible in persons 
having left ventricular hypertrophy associated 
with hypertension. It may be produced by 
rapid flow of blood through the atrioventric- 
ular valve or by the sudden distension of the 
ventricle or by a rebound closure of the atrio- 
ventricular v.ilve following the rapid inflow 
accompanjing atrial systole (Schcrlis, 1916; 
Weilzman, 1955). 

Intensity of Heart Sounds. Tlie intensity of 
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the first heart sound (a) is augmented with 
increased cardiac output or elevated aortic 
pressure and is diminished in myocardial 
damage from any cause; (b) is related to the 
interval behveen the atrial and ventricular 
systoles (in general, the longer the interval, 
the louder the first sound, Levine and Harvey, 
1949); (c) is louder after a short diastole 
than after a long diastole, i e., if it occurs 
during the phase of rapid ventricular filling 
(Rytand, 1949, Fishman and Coumand, 
1953); (d) is frequently intensified with 
tachycardia, emotional tension, hyperthyroid- 
ism, anemia, infections and fever ( Levine and 
Harvey, 1949); (e) is loud and snapping in 
the presence of mitral stenosis, and (f) is 
louder the more the atrioventricular valve 
leaflets are separated at the onset of ventricu- 
lar systole, t.c., when the interval between 
atrial and ventricular systole is longer than 
normal (Siecke and Essex, 1938). 

The intensitj’ of the second sound is re- 
lated to the pressure in the appropr«ate vessel 
at the onset of isometric relaxation. Normally, 
the aortic second sound in adults is louder 
than the pulmonic, but in left heart failure 
or mitral stenosis, the reverse may be found. 
In dilatation of the root of the aorta resulting 
from advancing age, the aortic second sound 
frequently has a tympanitic tone. The second 
aortic sound is decreased in aortic stenosis 
(Levine and Harvey, 1949). The first and sec- 
ond sounds may be split or even duplicated, 
probably because of asynchronous onset or 
cessation of contraction in the two ventricles. 
Tliis may be seen particularly in bundle 
branch block or ventricular premature beats. 
The intensity of both the first and second 
sounds is louder in thin-cliested persons and 
softer in those with thick chests. 

Tile intensity of the vurious component fre- 
quencies in the heart sounds has been ana- 
lyzed by Foulger and associates ( 1947). Tliey 
recorded a fairly large component of sounds 
of low frequency and found that, in general, 
increased cardiac work tended to augment 
the intensity of sounds of higher frequency’. 
Various attempts have been made to calibrate 
the intensity of cardiac sound (Sloan and 


Greer, 1955; McGregor et al., 1956), including 
recording the envelope of the sound, (son- 
velography, Rushmer et al, 1954), but as yet 
there is no general agreement upon a standard 
(Luisada and Gamna, 1954; Schaefer, 1936). 
However, the registration of heart sounds 
(phonocardiography) has proved useful in 
training the physician to hear and interpret 
sounds which would otherwise be overlooked, 
and in providing a permanent record which 
can be studied later and used as an aid in 
education (McKusick, 1957). 

Gallop Rhythm. Occasionally, a third heart 
sound is heard which gives rise to a triple 
beat that resembles the hoof beats of a gallop- 
ing horse. The third sound may be produced 
in early diastole during the phase of rapid 
inflow into the ventricle which follow’s open- 
ing of the atrioventricular valves (early ven- 
tricular or protodiastolic gallop). Ventricular 
gallop is most frequently associated with in- 
cipient or actual congestive failure; it may be 
caused by a momentary rise of ventricular 
pressure above atrial pressure, witli temporary 
closure of the atrioventricular valve. Ventricu- 
lar gallop may be made to disappear by re- 
ducing cardiac output by standing, or by 
occlusion by tourniquet of tlie veins in the 
extremities. A presystolic or atrial gallop is 
produced by a third heart sound which occurs 
during atn'ai systoie. Tin's sound Is heard fre- 
quent!)' in patients nith liypertension, myo- 
cardial infarction or heart block. If the heart 
rate is rapid enough, the protodiastolic and 
presystolic phases may practically coincide, 
giving a summated effect which may be more 
readily audible as a third heart sound and 
producing a mid-diastolic gallop rhythm 
( Braun-Menendez, 1938, Levine and Harvey, 
1949, Warren et al, 1958). Systolic gallop 
rhj'thni is less common than diastolic gallop 
rhythm. It is generally loudest at the apov, 
usually with tlic patient recumbent. Tlie exact 
cause of systolic gallop is not known; it is not 
believed to indicate a grave prognosis (Le- 
vine and Harvey, 1949). When heard loudest 
at tlie aortic area, it may be the result of im- 
pact of the aorta against other structures 
(Wolferth and .\Iargolfes, 1940), 
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3. CARDIAC OUTPUT 


Cardiac output may be defined as the wl- 
ume of blood (in ml. or 1.) ejected by a ven- 
tricle per minute. Under normal circum- 
stances the output of the two ventricles per 
minute is the same and is, of course, equal to 
the volume of blood circulated through the 
body per minute. However, in aortic insuffi- 
ciency, septal defects and patent ductus ar- 
teriosus, the outputs of the two ventricles 
differ from each other and from the volume 
circulated per minute. The cardiac output is, 
of course, the product of the heart rate times 
the average stroke volume (output per beat). 
Cardiac output is a function of the size of the 
individual. To allow for this, the output is 
usually expressed as the cardiac index, which 
is the output in liters per minute per square 
meter of body surface. While the output of 
the two ventricles is the same over a period 
of time, i,c., one or more minutes, the output 
of the ventricles differs from beat to beat, 
owing to the difference in the effects of 
inspiration and expiration on the filling and 
emptying of the t\vo chambers. 

Methods for Measuring Cardiac Output 
in Man 

Foreign-Gas Technigucs. Indirect Fick 
Principle. The earlier measurements of car- 
diac output in man were made with the 
foreign-gas techniques (Green, 1948a). 

, A3 X ml (gu ibsorbed) / (srcoods {(srdnatlkiDc) 

CO (in ro) /mtu ) » . ■ 

ml gu/ml of vKriil blood 

Since the rebreathing could alter the cardiac 
output, the foreign-gas technique was subse- 
quently modified in order to use it to determine 
the average concentration of oxygen in the venous 
blood, and the output was then calculated as for 
the direct Fick principle (see below; CroIIman, 
1932). Both the above techniques assume tlwt 
the venous blood at no time contains any of the 
foreign gas. Unfortunately, recirculation alwa>'S 
occurs, causing the actual arteriovenous differ- 
ence in concentration of foreign gas to lie smaller 
by about 24 per cent than is indicated by analysis 
of the arterial sample alone. Tlie rebreatliing also 
abnormally elevates the arterial concentration of 
ox>’gen. As a result, tl>e cardiac output measured 


by this technique is always too low by about 33 
per cent (Hamilton, 1945; Chapman et al., 1950) . 

Direct Fick Principle. In the direct Fick 
principle, a sample of arterial blood is ob- 
tained by a needle inserted in the radial ar- 
tery, and a sample of mixed venous blood is 
obtained by a cardiac catheter which is 
passed into the pulmonary artery while the 
rate of oxygen uptake by the lungs is meas- 
ured by standard metabolic methods (Cour- 
nand et al., 1945; Hamilton, 1945). Cardiac 
output (CO) is then computed: 

ml /'mm (arrsfu optjk#) 

CO (to to] MiB ) “ — — 

(aj Ot/al nrlftttl blood) — (ml Ot/ml renau* blood) 

Errors in (he determination of cardiac out- 
put by the direct Fick principle may result 
from anxiety in the patient because of inser- 
tion of the catheter and from failure to obtain 
a true sample of mixed venous blood. If the 
catheter is in the superior vena cava, the oxy- 
gen concentration of the sample will be too 
high, and if near the coronary sinus, the oxy- 
gen concentration will be too low. The most 
accurate samples are obtained from the right 
ventricle or pulmonary trunk (Cournand, 
1945; Warren et fli., 1946, Warren, 1948). 
WJ»en properly periormed, this method has a 
high degree of accuracy (Seely et al, 1950). 

Oxygen saturation of blood from various 
portions of the heart. Tlie oxygen capacity of 
normal persons is 19.7 volumes per cent. With 
the person breathing room air, the oxygen 
content of radial artery blood averages 19.4 
volumes per cent; that of the pulmonary ar- 
tery averages 15.3 volumes per cent. Tlie 
mean saturation of blood from the inferior 
vena cava was found to he 83.0 per cent; that 
from the superior vena cava averaged 76.8 
per cent; right atrial blood averaged 79.5 per 
cent; right ventricular blood averaged 78.5 
per cent; pulmonary arterial blood averaged 
78 per cent; and the saturation of radial ar- 
terial blood averaged 97.3 per cent (Batratl- 
Boyes and Wood, 1957). 

Injection Techniques. Any substance, the 
concentration of which can be determined 
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quickly in whole blood, may be used to meas- 
ure cardiac output. Typical substances are 
the dyes T1824 and the new Fox Green, con- 
centrated salt solutions, and radioactive sub- 
stances such as P®*. One of these substances 
is quickly injected intravenously and the time- 
course of its concentration in the arterial 
blood recorded by continuous sampling. The 
arterial concentration usually rises abruptly 
to a peak, then declines exponentially. The 
average concentration in arterial blood is 
computed from the area under the dye-con- 
centration curx'e (Emanuel et al, 1957; Good- 
win and Sapirstein, 1957; Lacy et ol., 1957). 
Output can also be measured by placing one 
or more counters directly over various cham- 
bers of the heart { Huff et al., 1957, Zipf et at., 

1957) . 

Unfortunately, recirculation begins early on the 
descending limb so that the latter part of the 
graph has to be estimated from the slope, of 
the inibal part, thus impamng the accuracy of the 
determination (Dow, 1956; Schaefer, 1956). 
Modifications of the injection technique are of 
assistance m estimating the occurrence of left-to- 
right and right-to-Ieft shunts and of vaKailar in- 
sufficiency (Crane et al., 1958). 

Ballistocardiography. The ballistocardiograph 
records the oscillations in the longitudinal axis of 
the body produced by the caudal recoil of the 
heart as it ejects the blood cephalically, and 
the cephalic impact delivered to the body as the 
blood flows through the aortic arch and caudally. 
The amphtude of these oscillations closely paral- 
lels the stroke-volume output of the left ventricle 
(Nickerson, 1945, Starr, 1945), but is also mark- 
edly influenced by the position and the action 
of the heart (Schaefer, 1956; Ree>es et al., 1957). 
The resonant waves in the aorta (Spencer et al . 

1958) may contribute to the waves which are 
recorded by the ballistocardiograph during the lat- 
ter part of the heart c^'cle. 

Registration of Arterial Pulses. The stroke- 
volume of discharge of the left ventricle can also 
be estimated with fair accuracy by anab'sis of 
pressure tracings recorded from the sj'stemic ar- 
teries (Hamilton and Remington. 1947, Hamil- 
ton. 1950). This method has numerous limitations 
(Duomarco et al., 1948). A simple nomogram 
has been dcNised for estimating the cardiac out- 
put from the sj'stolic and diastolic pressures 
(Jackson, 1955). 

Electrokymography. Estimations of stroke-vol- 


ume of output of the heart have been made from 
the pulsations recorded with the eleclrokymo- 
graph. They appear to agree favorably with car- 
diac output determined simultaneously by the 
Sleu-art injection and the direct Pick principles 
(Ring et at., 1930a, b). 

Quantitative Versus Relative >fea$urcment$ of 
Cardiac Output. The ballistocardiograph, the 
methods of registration of arterial pulses and the 
eleclrokymograph do not jneld direct measures 
of cardie output, but only relative changes. The 
actual output can be calculated only by applying 
a factor computed from simultaneous comparison 
wafh other more direct quantitative metliods, such 
as the direct Pick principle. The ballistocardio- 
giaph is also likely to give results having exm- 
sidemble error in the presence of tachycardia. 
These methods are, however, easy to employ and 
provide useful information, particularly of the 
relative changes in output from beat to beat in 
the same indnidual. These methods, and particu- 
larly the last, give valuable additional information 
in d)'namic disturbances such as coarctation of the 
aorta, x-alvular lesions, and ventricular ancuo’sm. 

Normal Values. The standard technique of 
catheterization of the right atrium or ventri- 
cle, gives higher cardiac indices of 2.12 to 
4.01 (ave. 3.12 l./min./M", Dexter ct al., 
1950). The cardiac output per beat, using 
this technique, ranges from 53 to lOS with an 
average of 84 ml. per beat. It should be em- 
phasized that normal figures can be obtained 
only when the person is in a basal state, as in 
testing for basal metabolism, i.e., in a post- 
absorptive slate, after a nights rest, without 
exertion for at least one-half hour prior to the 
test, hav-ing no fever, and being free from 
anxiet>' and emotional tension. 

Caution in Performing Cardiac Catheteriza- 
tion. The procedure of cardiac catheterization is 
now often deemed necessary in the physiologic 
study of disorders of the heart, but is not with- 
out some risk. AiTh>'thmias may be noted in up 
to 93 per cent of catheterizations, and in one 
series of 1230 such examinations, there were 7 
deaths (Banfield i?f al., 1930; reviewed by Sculie, 
1954). 

Output Under Various Physiologic 
Conditions 

Conditions in ^Vh^ch Output is Unchanged. 
The cardiac output is apparently the same 
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when the person is asleep as when he is 
awake and in the horizontal position. It is 
also unaffected by smoking, by menstruation, 
or by moderate variations in external tempera- 
ture but may be increased 5 to 30 per cent at 
environmental temperatures above 30 C., or 
by low temperatures if accompanied by shiv- 
ering. 

Increased Output. Cardiac output may be 
increased 50 to 100 per cent by anxiety and 
30 to 40 per cent by eating. The response to 
eating is diphasic; the output initially in- 
creases during eating, returns to normal, and 
then increases during digestion. Pregnancy 
(Hamilton, 1949), fever, anemias with a 
hemoglobin level of less than 7.6 grams, hy- 
perthyroidism, arteriovenous fistula, acidosis, 
and low oxygen tension in inspired air, t.e., 
below 10 volumes per cent at atmospheric 
pressure, are conditions which increase car- 
diac output as much as 100 per cent In 
maximum exercise, the oxygen consumption 
may be increased twelve-fold and the cardiac 
output as much as nine-fold. Under these 
conditions, the heart rates may be increased 
three-fold and the remaining three-fold in- 
crease in output is caused by an increase in 
stroke volume. The cardiac output is in- 
creased by vasodilator drugs, by epineph- 
rine, by atropine (McMichael and Sharpey- 
Schafer, 1944) and, in certain types of heart 
failure, by digitalis. Cardiac output is also 
increased \vith rapid intravenous infusion. 
The increase in cardiac output with exercise 
in normal persons is associated with a de- 
crease in the mean circulation time (Chap- 
man and Fraser, 1954), a rise in systolic and 
a fall in diastolic pressure, but no significant 
change in mean aortic pressure (Fraser and 
Chapman, 1954). 

Decreased Output. The cardiac output is 
decreased 25 to 33 per cent in changing from 
the recumbent to the vertical position (Mc- 
Michael and Sharpey-Schafer, 1944). Suddra 
tachycardias of 200 or more per minute or 
marked bradycardia, such as is present in 
heart block, reduce the cardiac output (Katz 
ct al., 1945b). Tlie output is also reduced 
during inhalation of 100 per cent oxygen 
(Wliitehom et ah, 1946), in myxedema, con- 


strictive pericarditis, shock, following myo- 
cardial infarction and in many forms of 
heart failure. In the last, the output may not 
be abnormally reduced at rest but may not 
increase to the extent seen in normal persons 
during exercise. For further discussion of 
this subject, see pages 223, 233 and 242 

Regulation of Cardiac Output 

The wide fluctuation in cardiac output un- 
der the various conditions noted above are 
necessary since the rate of oxygen consump- 
tion in severe exertion may be increased 
twelve-fold, whereas only a three-fold in- 
crease in oxygen supply could be pro^'ided by 
removing all the oxygen from the blood ordi- 
narily flowing through the tissues, i.e., by in- 
creasing the oxygen utilization from 30 to 
100 per cent. In general, in normal persons 
the cardiac output is closely regulated to the 
need for oxygen, so that the arteriovenous dif- 
ference in oxygen concentration rises only 
slightly above the normal value despite large 
increases in oxygen utilization by the body. 
Such variations in output, however, involve a 
complex set of homeostatic integrating (cy- 
bernetic) mechanisms. 

INTRINSIC CAIU)IAC MECHANISMS 

Ventricular Volume and Stroke-Volume. In 
man the normal capacity of each ventricle is 
approximately 140 ml. Tlie normal stroke- 
volume is approximately 84 ml., but may be 
increased to about 240 ml. with severe exer- 
cise. 

Under normal conditions the ventricle is not 
completely filled, and probably never completely 
empties itself (Richards, 1949). Nylin (1943) 
estimated that the residual blood in the entire 
heart at the end of systole is 400 ml. when the 
person is recumbent, and 200 ml. when he is 
erect. The stroke-output of the heart can be in- 
creased either by a more complete systolic ejec- 
tion, as during exercise, or by a greater diastolic 
filling, as during a "startle reactiojj” (Rushmer, 
1954, 1956a, b). 

Effect of Initial Length or Tension of Ven- 
tricle. NMien the arterial pressure and heart rate 
are kept constant, increasing the s>:stemi'c central 
>enous pressure produces progressive increase 
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in cardiac output per beat tip to five-fold (Mo* 
Michael and Sharpey-Schafer, 1944). 

With each increment in initial tension (or 
length), the vigor of ventricular systole in- 
creases, ejection becomes more abrupt and 
the volume ejected larger. Despite the greater 
stroke-volume, the volume of blood retained 
by the ventricle at the end of systole may in- 
crease progressively, in other words, the ven- 
tricle may empt)' itself less and less com- 
pletely with each increase in venous pressure. 
The myocardial consumption of oxygen in- 
creases proportionately to the initial length, 
the increase, however, is less than the increase 
in stroke-volume, so that the efficiency of 
ventricular contraction — the ratio of cardiac 
work to myocardial consumption of oxygen — 
increases (Starling and Visscher, 1926-27). 

M'lth the heart excised from the pericardium, 
and with e.\cessive elevations of venous pressure, 
a degree of iiubal tension and length is attained 
at which the heart is no longer able to increase 
its stroke volume of ejection. Witli still greater 
increase in venous pressure, the heart may then 
reach a state of decompensation in which the 
cardiac output per beat may be progressively re- 
duced despite a further increase in oxygen con- 
sumption. In the normal heart, the rigidity of 
the pericardium probably prevents such an ex- 
treme degree of oxerdistention, but with chronic 
congesti\'e failure, overdistention may occur. 

Effect of Heart Rate. Increase in heart rale 
curtails both systole and diastole but pre- 
ponderantly the latter and, therefore, results 
in reduction in the time for the ventricular 
filling. 

However, under conditions of mamtained ve- 
nous pressure, the decreasing diastolic time does 
not reduce cardiac filling since the ventricles 
relax more rapidly early m diastole, thus allow- 
ing them to receive blood from the atna more 
rapidly (Buckley et al., 1955). Augmentation 
of cardiac output per minute by acceleration of 
the heart rate requires a greater increase m myo- 
cardial consumption of oxygen than that needed 
in a similar augmentation in output produced by 
increasing the stroke-\oIume (Cohn and Steele, 
1935). 

Effect of Aortic Pressure. Elevation of aortic 
pressure leads to a momentary reduction in 


stroke-volume and, therefore, to a slight systolic 
residue; this residue added to the normal volume 
of diastolic inflow leads to greater initial length 
and to a restoration of the stroke-volume to nor- 
mal, at which time the cardiac output per minute 
also returns to norm.al. Under these conditions, 
however, the left \entricle is constantly operating 
at a greater initial diastolic length and with a re- 
sulting greater oxygen consumption and a slightly 
higher left atrial pressure (Katz ct al., 1945b). 

Effect of Pressure in Pulmonary Trunk. In- 
crease of the pressure in the pulmonary’ arterial 
circuit affects the right ventricle in a manner 
analogous to the effect of elevation of aortic pres- 
sure upon tlie left ventricle. The right ventriailar 
initial \ohime and tension increase and right 
atrial pressure rises (Katz et al., 1945b). 

Independence of the Two Ventricles. Nor- 
mally, the average output of each of the two ven- 
tricles tends to be adjusted constantly, so as to be 
equal. If one ventricle lags behind the other, for 
instance, because of increased resistance to ejec- 
tion, the pressure in its atrium concurrently rises 
until the output increases, while the pressure and 
output in the other atrium and \entricle fall until 
the outputs of the two ventricles become equal 
(Bergland, 1954; Schaefer, 1956). The right sen- 
tncle, however, is less important than the left, 
since (a) the right ventricular contractility has 
been completely abolished by cauterization with- 
out causing significant change in either right atrial 
or pulmonary’ arterial pressure (Bakos, 1950); 
(b) dogs, in w'hich the right atrial blood was 
by-passed directly into the pulmonary’ trunk, ha\ e 
survived, and (c) patients witli constrictive peri- 
carditis have been observed in whom the right 
ventncle was accomplishing xery little work (re- 
viewed by Burchell, 1951). 

Effect of Inherent Contractility. During rest 
in the recumbent position, the heart volume may 
be large and the stroke-volume output small; with 
exercise, the stroke-output may greatly increase, 
yet the diastolic volume of the heart may be no 
larger or may be even smaller than during rest. 
These changes cannot be explained solely by 
Starbng’s law of the heart (Starling and Visscher, 
1926-27); they must represent alterations in the 
inherent contractility of the ventricles. Such 
changes in inherent contractility may be brought 
about indirectly by alterations in heart rate, and 
directly bv variations in influence of sympathetic 
nerves and of circulating sympathomimetic 5ul>- 
stances affecting ventricular contractility inde- 
pCTidently of heart rate. Changes in inherent con- 
tractility may affect the cardiac output and the 
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initial length of the ventricular fibers, even when 
the venous and aortic pressures remain constant 
(Green, 1948b). 

Ventricular Acceptance (Tone). Changes in 
ventricular filling without alteration of venous 
pressure or heart rate are designated as changes 
in “tone” of the ventricle by Johnson and Katz 
(1937), and as ch.inges in ventricular accept- 
ance An increase of ventricular contractility, es- 
pecially if induced by sympathetic activity, is 
usually accompanied by a shortening of the dura- 
tion of systole relative to the length of the cycle 
and by a more rapid and complete early relaxa- 
tion (increased acceptance). Tliese two phenom- 
ena allow a greater ventricular filling at a given 
level of atnal pressure and provide another 
mechanism for augmenting the volume dis- 
charged during systole. In a normal person and 
in unanesthetized animals, changes m inherent 
contractility and early diastolic relaxation (ac- 
ceptance) may be much more important than 
the level of the atii.!! pressure at the onset of sys- 
tole m determining the stroke-volume and minute 
volume-output of the ventricles (Symposium on 
Regulation of Performance of the Heart, 1955; 
Rushmer, 1956). For further discussion, see page 
185 in section on Nervous and Humoral Regula- 
tion of Heart, 

EXTRINSIC MECHANICAL FACTORS 

Certain mechanical factors e.xtrinsic to the 
heart modify cardiac output principally by 
tbejr jrjfiwOTce on the volume of blood and on 
the pressure within the central systemic ve- 
nous reservoir and the pulmonary venous and 
left atrial reservoir, respectively. 

Normal Values for Central Systemic Ve- 
nous Pressure. The value for central systemic 
venous pressure depends, of course, upon the 
horizontal plane to which zero pressure is 
referred. Most commonly this has reference 
to the assumed level of tlie center of the 
atrium, j.c., the standard zero reference plane 
(see page 171). Normal values with this ref- 
erence plane are 5 to 15 cm. of saline. 

The central venous pressure is determined by 
the volume of blood within the central venous 
reser\’oir, i.c., wTthin tlie superior vena cava, the 
inferior vena cava abo%c the diaphragm and right 
atrium, and by the distensibility of this part of 
the venous system. The quantity of blood within 
this resenoir is, in tuni, dependent upon (a) tlie 


rate at which blood is being removed from the 
central venous reservoir of the heart, i e., by the 
cardiac output, (b) the rate at which blood can 
return from the peripheral veins to the atrial 
venous reservoir, and (c) the total blood volume 
and the capacity of the total vascular systejn. 

Cardiac Output. Other factors remaining con 
stant, an increase in the cardiac output removes 
blood from the venous side of the circuit and in- 
creases the quantity of blood and the pressure in 
tlie arterial and capillary portions of the circuit; 
and conversely, a decrease in the cardiac output 
per minute decreases the total quantity in the 
arterial and capillary circuit and increases that 
in the entire venous system, including the cen- 
tral systemic and pulmonary venous reservoirs. 
With cessation of cardiac output, such as occurs 
with ventricular fibrillation or cardiac standstill, 
the arterial and capillary pressures drop progres- 
sively and the central venous pressure rises until 
the pressures throughout the cardiowisciilar sys- 
tem become equalized. Under experimental con- 
ditions the central systemic venous pressure may 
rise as much as 3 to 10 mm. of mercury during 
the establishment of this equilibrium. This pres- 
sure is the mean static pressure (Green, 1950b) 
or the mean circulatory filling pressure (Guy-ton, 
1955). During normal circulation, a pressure 
equal to the mean static pressure will be present 
only in the venules or smaller collecting veins. 

Difference Between Mean Static Pressure and 
Central Venous Pressure. The rate of return of 
blood from (he periphery to the central xenous 
resenwr /s dstonrdned hy the Sr!Oth>/>a} resist^/nce 
between the two points and the pressures exist- 
ing therein. Increased output of the heart pro- 
duced by increased contractility per se will tend 
both to lower the central pressure and, simul- 
taneously, to raise the peripheral or mean static 
pressure and thus increase the rate of return. The 
first of these will be effecthe to the point at 
which the central pressure begins to fall below 
atmospheric pressure. At that level a flutter-vab-e 
effect, at the point of entrance of the veins into 
the ttiorax will prevent further lowering of (he 
effective central xenons pressure (Guyton, 1955). 
Presumably, changes in constriction of the l.-irger 
x-eins could alter the resistance, as could chaiiges 
in viscosity of the blood, but as yet effects of 
measurable magnitude have not been described. 

Blood Volume. Increase or decrease of blood 
volume will alter the mean static pressure and 
thereby the rate of venous return and the pressure 
in central venous reservoir. Changes of blood 
volume result from alterations in the total iiwss 
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of red blood cells, tlic concentration of plasma 
protein in the blood, and the amount of salt and 
water retained in the body. 

Changes in Vascular Capacity, Central N-e- 
nous pressure apparently can l)e altered as a 
result of active changes in the caliber of the 
entire vascular system, resulting in an increase 
in pressure exerted by the vascular w’alls upon 
the contained blood without a concomitant in- 
crease in volume present therein. Tlie portions 
of the system in which the capacity can be 
varied include the cardiac chambers themselves, 
the pulmonary vascular bed, the systemic ar- 
teries, the systemic capillaries and the periph- 
eral systemic veins, and such special blood vas- 
cular beds as the spleen, the splanchnic viscera 
and the liver (Ralston et al , 1945-46, Green, 
1950b). McMichael (1949) believes this 
mechanism is controlled by the sj-mpallielic 
ner\’ous system under the regulation of a cen- 
ter in the nervous s)’Slem that is closely asso- 
ciated with the vasomotor system regulating 
arteriolar vasoconstriction. He believes veno- 
motor reflftxes are brought into play when tliere 
IS a need for increased cerebral cirailation and, 
conversely, dilatation of veins and fall m venous 
pressure result when the pressure m the carotid 
artery is high and presumably when, therefore, 
cerebral circulation is adequate. Little (1949) 
has demonstrated that changes in the vascular 
capacity are directly related to the tension of the 
oxygen in the mixed venous blood, i c., the lower 
this oxygen tension, the greater is the stimuhis to 
reduction of vascular capacity, and the higher is 
the pressure in the central v’enous reservoir. 

Posture. The decreased cardiac output (see 
page 179), on changing from the rechnmg to the 
vertical posture, probably results principally from 
pooling of blood in the more dependent parts of 
the body which reduces the volume of blood 
available to fill the central venous reservoirs. This 
condition is aggravated by quiet standing and is 
considerably decreased by even mild exercise of 
the legs. Such muscular activity rh>'thmically 
compresses the veins in the legs and, by virtue 
of the venous v’alves, reduces the quantity of blood 
which is stored in the dependent capdlanes and 
veins. The dependent pooling is aggravated by 
anything which increases the apparent weight of 
the blood, such as the centrifugal force in the 
pull-out of an airplane dunng a div'C or sharp 
turn (Gagge and Shaw, 1950, Green, 1950b). 
Marhed pooling of the blood is also occasionally 
seen in patients with severe varicose veins. 

Respiration. During normal inspiration, the ab- 


dominal pressure increases and the intrathoradc 
pressure decreases. Tliesc changes favor return 
of blood to the systemic ccnlr.il venous reservoir 
and filling of the right ventricle in diastole, in- 
creasing its output. However, simultaneously, the 
extravascular pressure on the pulmonary capil- 
laries is decreased, thus increasing their capacity 
and dela>ing the transmission of the above effects 
to the left atrium and left ventricle. During ex- 
piration the reverse effects occur, tlecreasing the 
output of the right ventricle; but because of the 
decrease in the pulmonary capi!far>’ cap.ia'ty, 
blood is forced into the left atrium from the 
lungs, increasing the output of the left ventricle. 
However, if the respirations are slow enougli, the 
decreased output of tlie left ventricle seen at the 
start of inspiration may be counterbalanced; the 
output of the left ventricle may even increase as 
the elevated output of the right ventricle becomes 
transported through the lungs to affect the left 
atrial and left ventricular diastolic pressure (Lau- 
son ct al , 1946; Seely, 1948). 

In artificial respiration vvith application of posi- 
tive pressure, U»e net filling pressure of the right 
ventricle is decreased in inspiration during the 
phase of rising pressure and increased in expira- 
tion during the phase of decreasing pressure. It 
IS concluded that the effect on average cardiac 
output is minimal with a breathing mask having 
intermittent positive-pressure in w’hich the mask- 
pressure gradually increases during inspiration 
and rapidly falls at the end of inspiration, and the 
mean mask-pressure during expiration is .is near 
atmospheric pressure as possible (Coumand rf 
fl/.. 1948). Venous return by way of the superior 
vena cava is greater with attenuating positive- 
negative than with alternating positive-zero as- 
sisted breathing (Gregg. 1935). 

\Vhen dogs breathed ag.iinst a constiint posi- 
tive pressure of 16 cm. of saline, they show’ed a 
decrease of cardiac output, an increase in central 
sj'stemic venous pressure and a decrease in the 
gradient from peripheral to central veins. ^\'hen 
they breathed against a constant negative pres- 
sure of 16 cm. of saline, the central venous pres- 
sure fell and the gradient from peripheral to cen- 
tral veins increased, probably because of collapse 
of the veins as they entered the thorax wliile the 
cardiac output remained approximately normal 
(Holt. 1944). 

Circulation Time. Circulation time is the 
elapsed time between the injection of a sub- 
stance at one point in the circulation and its 
amv’al at another. Most commonly the time 
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is measured from the cubital vein to the 
tongue, using a substance which gives a taste 
sensation. The circulation time is sliortened 
m'th increased cardiac output and prolonged 
with decreased output, or with the sluggish 

4. WORK OF 

The mechanical work done by the heart 
per beat is roughly the product of the volume 
of blood ejected per beat times the average 
pressure against \^’hich the blood is ejected, 
t e., the average or mean aortic pressure dur- 
ing systole. 

This computation, however, measures only the 
pressure-energy of the heart. Some additional 
energy is required to gi\’e the blood its initial ve- 
locity. The velocity or kinetic energy for the work 
of the human left ventricle is 0.23 to 2.0 per cent 


velocity of flow associated with dilatation of 
any of the cardiac chambers (ivith increased 
systolic residual volume) or of the pulmonary 
vascular bed ( Gemandt and Nylin, 1946, 
Chapman and Fraser, 1954). 

THE HEART 

of the total, while the kinetic energy for the right 
ventricle is 2.4 to 12.5 per cent of the total (Prec 
et ai, 1949). The kinetic energy is converted to 
pressure energy as the velocity of blood flow 
slows during diastole, therefore, by multiplying 
the stroke-volume of discharge by the average 
aortic pressure throughout the heart cycle, one 
may obtain a reasonably close approximation to 
the total work per beat. The heart work per min- 
ute, of course, is the heart work per beat times 
the number of heart beats per minute. 


5. NERVOUS AND HUMORAL REGULATION OF HEART 


Ncrce Supply 

Sympathetic Fibers. Preganglionic sympa- 
thetic fibers, capable of affecting the heart, 
leave the spinal cord by way of the upper five 
thoracic roots. The synapses are fovind In the 
corresponding paravertebral and the stellate 
ganglia and the postganglionic fibers then 
proceed to the heart by way of the cardiac 
nerves. Tliey are distributed to tlie S-A and 
A-V nodes, conduction tissue, atrial and ven- 
tricular musculature and coronary arteries. 

The effect of sympathetic nerve stimulation 
is mediated by an epinephrine-like substance 
released at the s>’Tnpathetic nerve terminals 
(Loewi and Navratil, 1926, Cannon and Bacq, 
3931). 

It was first thought that the medi.'itor was epi- 
nephrine (Lewandowsky, 1S99; Elfiott, 1903; 
Langley, 1921). Subsequently, Cannon and 
Rosenblueth (1937) proposed that two "syropa- 
thins” are releaserl as a result of stimulation of 
the sympathebc nerves (reviewed l>y Sheehan, 
1936). Houever, later studies indicate that arle- 
renol (norepinephrine) is the mediator (Out- 
schoorn and Vogt, 1952; Youmans pt al., 1955, 
\c.ii Euler, 1956). 

Parasympathetic Fibers. Parasympathetic 


preganglionic fibers are conveyed to the heart 
in the vagi. The synapses xvith the postgangli- 
onic fibers are found in the intrinsic cardiac 
ganglia. Postganglionic fibers of parasympa- 
thetic origin are distributed to both the S-A 
and A-V nodes, to the upper portion of the 
special conduction tissue, and to the atrial 
myocardial fibers, but none are known to be 
distributed to the ventricular myocardium 
(Carrey and Ashman, 1931). Langley (1921) 
noted that pilocarpine causes effects similar 
to those produced by stimulation of fibers in 
(he cranial and sacral portions of the auto- 
nomic oulflmv from the central nervous sys- 
tem, and called these the parasympathetic 
nerx'ous system. Loewi (1926) discovered 
that stimulation of the vagus released a sub- 
stance into the fluid perfusing the heart which 
had \’agus-like effects when re-introdiiced 
into an isolated perfused iieart. Subsequent 
studies demonstr.ited that this siibshmce was 
acety'lcholinc. (See Ahdon, 1943, for review.) 

Hegulaihn of Heart Fate 

(Chronotropic Fcgitlaiton) 
Fecrpiency of Initiation of Impulses in S-A 
and A-V Nodes. Tlie .sjno.atri.il nixli* is mon* 
strongly controlled by the autonomic nerxous 
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system than any other region of the heart 
(Schaefer, 1956). Sympathetic ner\’e impulses 
cause the sinoatrial node to initiate cardiac 
beats more frequently. Also both epinephrine 
and arterenol applied to the sinoatrial region 
produce marked increases in the rate of ini- 
tiation of impulses in the sinoatrial node; the 
latter is slightly more potent than the former 
(Brooks et al., 1955). Parasympathetic im- 
pulses cause the sinoatrial node to initiate 
cardiac beats less frequently. Vagal stimula- 
tion decreases the slope of the slow phase of 
the depolarization of the pacemaker tissue 
(see page 167) and may even hold the poten- 
tial constant, thus serving to prolong or even 
prevent the spontaneous depolarization of the 
pacemaker tissues which is essential for the 
initiation of the cardiac impulse (Brooks et 
al. 1955). 

In the perfused heart the frequency of initia- 
tion of cardiac impulses in the S-A node is in- 
creased by >varming, by increased pH and by 
increased concentration of calcium ions and is de- 
creased by cooling, by decreased pH. and by 
increased concentration of potassium tons. 

When the S-A node is depressed, the A-V node 
often serves as the pacemaker. The frequency with 
which it generates impxilses is affected in a man- 
ner similar to that of the S-A node, but to a 
lesser extent by the abov’e-mentioned ner^'es. 
^^'hen the A-\' node served as the pacemaker, 
owing to depression of the S-A node, stimulation 
of the vagi frequently caused a shift of the pace- 
maker back to the S-A node. 

Stimulation of the sympathetic ner\'e may in- 
crease the rhythmicity of the A-V node to the 
point where it becomes the pacemaker. \Vben the 
A-V node serves as pacemaker, impulses go for- 
ward through the special conduction system to 
excite the ventricle, and backward to the atrium 
and to the S-A node. 

Regtdafion of ExcUahiliiij 

(Bathmotropic Regulation) 

Duration of Refractory Period of Atrial 
and Ventricular Myocardium. Sympathetic 
impulses shorten the duration of the contrac- 
tion and the refractory periods of atrial and 
v’entriciilar s)’stole. Brooks and associates 
(1955) stated that sympathetic nerve stimula- 
tion produces only slight and inconsistent 
alterations of the duration of the total refrac- 


tory' period but that injections of epinephrine 
and arterenol cause a small degree of shorten- 
ing of the absolute and relative refractory' 
periods. Transmcmbranalpotcniial recorded 
from the atria indicates that syunpathctic stim- 
ulation is accompanied by an increased rate 
of repolarization and of shortening of the 
duration of the total action-potential. 

Parasv'mpathetic impulses have no demon- 
strable effect on the ventricle. If the rate is 
kept constant, vagal stimulation abbreviates 
the refractory' period of the atria. Tlie abso- 
lute refractory' period is shortened to a greater 
extent ibiin the relative refractory' period. Tfiis 
change is accompanied by a dramatic abbre- 
viation of the first half of the repolarization 
portion of the transmembranc action-potential 
(Brooks ct al., 1955). Atrial fibriJIalion occurs 
more readily during parasympathetic activity’, 
especially in association with tliyroxin; this 
may result from shortening of the refractory’ 
period. 

Effects on Threshold. During vagal stimula- 
tion or the injection of acetylcholine, the excita- 
bility of the atrial tissue of the turtle is decreased. 
ix.. more energy is required to excite the tissue. 
Tlus effect parallels that of the vagus and of 
acetylcholine on atrial contractility. In the mam- 
malian atrium, however, neither ma.ximal stimu- 
lation of the vagi or of the sympathetic nerves, 
nor injections of epinephrine or arterenol has'e 
any effect on the diastolic level of excitability 
(Brooks ct ah, 1935). 

Regulation of Rate of Conduction 
(Dromotropic Regulation) 

Conduction Tissue. Increased activity of 
the sympathetic nerves and injections of arfe- 
renol, and especially' of epinephrine (Brooks 
et at., 1955), increase the velocity’ of conduc- 
tion from atrium to ventricle, that is, shorten 
the atrioventricular interv’al (A^-V, interv'al in 
pulse curves and the P-Q intcr\-al in the elec- 
trocardiogram). The refractory period of the 
conduction tissue is shortened by sympathetic 
impulses in proportion to the increase in heart 
rate. The left sympathetic fibers appear to 
have greater effect on the A-V node than do 
the right. 

Parasy'mpathetic excitation slovx’s the rate 
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of conduction through the A-V node (incom- 
plete heart block ) and increases the length of 
the refractory period (partial heart block). 
Tlie latter effect results in the occurrence of a 
2:1, 3;1 or higher degree of block, i.e., only 
every other or every third beat is transmitted 
to the ventricle (page 204). Strong excitation 
of the vagal fibers, particularly of the right 
vagus, may cause complete cessation of atrial 
contractions, but after a short period of lime, 
ventricular contractions may occur at a slow 
rate. The ventricle is then said to “escape” 
from the vagal inhibition, the impulses arising 
from idioventricular centers. This condition is 
designated as complete heart block with idio- 
ventricular rliylhm (page 204), Vagal im- 
pulses have no effect on the conduction of the 
impulse through the distal special conducting 
system or through the myocardium but may 
depress conduction in the common bundle or 
its proximal branches. 

Atrial and Ventricular Myocardium. The 
velocity of conduction of the impulse and the 
resting excitability is increased in botli atrium 
and ventricle by sympathetic nerve stimula- 
tion (reviewed by Gregg, 1955). 

Regulation of Atrial and Ventricular 

Contractility (Inotropic Regulation) 

It has been thought that cardiac output w'as 
regulated solely by the pressure in the cen- 
tral venous reservoir, the output then being 
determined through the operation of the Star- 
ling mechanism (pages 179 and 180). More 
recent studies suggest that the output of the 
heart may also be regulated by nervous and 
humoral mechanisms affecting the contrac- 
tility of the atrial and ventricular myocardium. 

Excitation of the vagus causes a decrease in 
the contrachlity of the atrial tissue; if the ex- 
citation IS strong enough, atrial contraction may 
be abolished entirely. Provided that the xentric- 
ular contractions are artificially maintained at a 
constant rate, no effect is noted on xentricufar 
contractility during vagal stimiilatioi] (Denison 
and Green, 1958). However, in the intact heart, 
xagal stimulation c-ames cardiac slowing xxith re- 
sulting greater diastolic filling and, tlierefore, 
gre.ifcr xtroko-xoliimc. Acetylcholine is said to 
ha\e a direct stimulating effect on the xentricle 
which may be caused by release of an cplneph- 


rine-hke substance but if has no such effect when 
injected directly into a coronary artery (Denison 
and Green, 1938), 

Sympathetic stimulation apparently increases 
the vigor of myocardial contraction for a given 
central venous pressure, i.e., for a given initial 
length, and resxilts in a more abrupt contraction, 
a more nearly complete ejection, shortening of 
systole and more rapid relaxation. Similar effects 
follow injections of epinephrine, arterenol (norepi- 
nephrine) and isoproterenol (Anzola and Rush- 
mer. 1956, Randall and Rohse, 1956, Rushmer, 
1956, Denison and Green, 1958). The net effect 
IS to increase X’entriciilar filling bj' increasing the 
x-entncular acceptance of blood (see page 181). 
Sympathetic stimulation and epinephrine appear 
to increase consumption of cardiac oxygen more 
than they increase the work of the heart, in other 
words, they appear to decrease the efficiency of 
myocardial contraction (Raab and Lepeschkin, 
1950, Schaefer, 1956). An epinephrine-like sub- 
stance can be extracted from normal cardiac mus- 
cle (von Euler, 1946). This substance is present 
in increased amounts after prolonged sympathetic 
stimulation and decreased after s>Tnpatbectomy 
(Raab and Lepeschkin. 1930). Adrenergic block- 
ing drugs, such os Ihdar, Dibenamine, Priscoline 
and 933F,* appear to protect the heart against 
excessive concentrations of these epinephrine-like 
substances (Raab and Humphreys, 1946). A sim- 
ilar protective effect is exerted by nitroglycerine 
(Raab and Lepeschkin, 1950). The liver seems 
lo be essential for maintenance of normal cardiac 
conlracfioii, but it is not knon’n witether it sup- 
plies an essential hormone or metabolite or re- 
moves some depressant metabolic product (Poll 
and Rossi, 1050). 

Central Mechanisms for Controlling Sympa- 
thetic and Parasympathetic Nerve 
Activity 

Sympathetic Cardio-acceleralor and Vaso- 
constrictor Centers. Paired bilateral neurons, 
connected with the sympathetic fibers to the 
heart, are located in the reticular substance of 
the medulla. EJecfr/cal excitation of these 
neurons increases the intensity of tlio jmpuLe.s 
lo the lieart by way of the s>’mpatlietic nerve 

• Ihdar is .'ivnilable frnn) IIoffmaiin-LaRochr, Inc., 
Nulley, N. J., Dibfiwmine from Smith, Klinc nml 
Frenth LalKiratories, Phii.niiciplii.i, P.i ; Priwolinc 
from Ciba rhaniiacculic.'il Products Inc., Sinnmit, 
N.J., and 933F was "suppliwl b> Dr. Louis Cootbiian, 
then Profowr of I’liarmacofog)' and Plij-sfalogy, Vni- 
xprsity of Vermont, Uurlington, Vl. 
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fibers and causes increase of heart rate. This 
medullary center is designated the cardio- 
accelerator center. Excitation of a closely re- 
lated center, the sympathetic vasoconstrictor 
center, causes arteriolar vasoconstriction 
which, in turn, causes elevation of arterial 
pressure. Stimulation of the latter center 
probably also causes constriction of the vas- 
cular blood reservoirs and elevation of venous 
pressure. Both the accelerator and constrictor 
sympathetic centers act more or less con- 
comitantly. 

Parasympathetic Cardioinhibilory Centers. 
Located in the vagal nuclei in the medulla, 
close to the above-mentioned s>mpathelic 
centers, is a paired parasympathetic center, 
excitation of which increases the intensity of 
the impulses in the vagal fibers, causing slow- 
ing of the heart rate. 

Cardiovascular Regulatory Center. Grouped 
together, the accelerator, the constrictor, 
and the vagal centers may be designated the 
cardiovascular regulatory center. In general, 
the sympathetic and parasympathetic centers 
operate reciprocally; anything that increases 
the activity of one tends to inhibit the activity 
of the other (Wang and Borison, 1947). These 
centers are tonically active at all times, that 
is, are continually sending out impulses over 
their respective pathways. As a result, the 
heart rate may be speeded by increasing sym- 
pathetic activity or by decreasing parasympa- 
thetic activity’. At normal resting heart rates, 
the VTigal fibers are active. Increase of heart 
rate to about 120 beats per minute is accom- 
plished mainly by decreasing the vagal ac- 
t5\ity. Rates of 120 per minute can, for in- 
stance, be induced by blocking the vagal 
impulses by large doses of atropine. In order 
to increase the heart rate to 150, and espe- 
cially to a rate over 150 per minute, it is also 
necessary’ to have augmented sympathetic 
ner\-e activity. 

Factors AfTecting Medullary Centers. (Direct 
Effects of Change in Composition of Blood.) In- 
crease of carbon dioxide tension, decrease of 
oxygen tension, or dccreascxl pH from the nor- 
mal level of the blood flowing by the medullar) 
cardiovascul.nr regulatory center tends to cause 
speeding of the heart by inhibiting the x-agal 


center and exciting the cardio-acceleralor and 
vasoconstrictor centers. The net effect is a rise in 
both arterial and central venous pressures and an 
increase in cardiac output. To some extent, re- 
x’etse changes in the circulatory system are pro- 
duced by decreased tension of COj, increased ten- 
sion of Oj, or increased pH. 

Reflex Effects from Chemoreceptors. The caro- 
tid bodies located near the point of origin of the 
internal carotid arterje.s and the aortic bodies lo- 
cated near the arch of the arota are irrigated by 
the systemic arterial blood. Sensory endings are 
located in these structures which are excited hy 
increase of COs tension or by decrease of Oi 
tension or of pH. Impulses discharged from these 
sensory endings are conveyed, respectively, by 
the ninth and tenth cranial nerx'es to the abox’e- 
mentioned medullary’ centers where they aug- 
ment the effects of the changes in blood com- 
position. 

Reflex Effects from Pressoreceptors. Sensory 
endings are located in the walls of each common 
carotid artery near the origin of the internal caro- 
tid artery and in the arch of the aorta. These 
endings are excited in proportion to the level of 
the arterial blood pressure. Elevation of arterial 
pressure leads to increased intensity of the affer- 
ent nerve discharges which are conveyed from 
the sensory endings to the medulla b)’ «’ay of 
the ninth and tenth cranial nerves, respectively. 
These impulses in turn cause inhibition of the 
cardio-accelerator and vasoconstrictor centers and 
excitation of the cardioinhibitory (vagal) center. 
The afferent fibers are designated the moderator 
or depressor fibers, since electrical excitation of 
them causes a fall of arterial pressure and slow- 
ing of the heart and since cutting the fibers c.nuses 
permanent neurogenic hypertension and cardiac 
acceleration. Decrease of pressure in tlie carotid 
sinus results in a diminished discharge of inhibi- 
tory impubes to the medulla. As a consequence, 
there is decreased discharge of impulses by wa>’ 
of the vagi and an increased discharge of sympa- 
thetic impulses to the heart and to the arterioles 
throughout most of the systemic vasculature (ex- 
cept for the brain and heart). The effects on the 
nerves to the arterioles are much greater than 
those to the heart, leading to a rise of arterial 
pressure wth only a slight increase in force of 
ventricular contraction (Gotten and Moran, 
1938). Tlie normal moderating action of these 
receptors, in response to hypertension, may lx* 
rendered less effectixe by the presence of circu- 
lating arterenol or epinephrine (Rushmer, 
1956b). It is possible that other circulating 
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liypertensive substances may modify the acbon 
of the pressoreceptors m essential hypertension 
also. 

Bainbridge Reflex. Pressure receptors are also 
thought to be present m the venae cax-ae and 
pulmonajy veins, and are stimulaterl by an in- 
crease of pressure in these vessels. Inciease in 
then afferent impulses causes cardiac accelera- 
tion. This effect is callerl the Bainbridge reflet 
(B.unbridge, 1915). Other mvestigatois, how- 
ever, report that stimulation of stretch-receptors 
in the nght atrium and pulmonary trunk reflexly 
induces cardiac slowing (reviewed by Burcbell, 
1931). 

Coronary “Chemoreflex” (Jarish von Bezold 
Reflex). Receptors are located in the heart, par- 
ticularly in the region suppbed by the circumflex 
branch of the left coronary artery. These recep- 
tors are stimulated by drugs, such as the vera- 
trum group. The afferent impulses are conveyed 
by way of the vagi to the medulla where they 
enhance the vagal discharge and probably sup- 
press the sympathetic discharge to the heart, 
causing cardiac slowing. These afferent impulses 
also suppress the activity of the sympathetic \’aso- 
constrictor center, thereb)' inducing vasodilata- 
tion. Both mechanisms lead to a lowering of 
arterial pressure. The normal physiologic fonc- 
bon of this reflex is unknown. The physiologic 
behavior of this reflex has been reviewed recently 
by Dawes (1934), and data on the participation 
of the reflex in the anti-hypertensive actions of 

6. MYOCARDIAL METABOLISM 

It is extremely difficult to secure exact figures 
for the coronary blood flow, and particularly for 
myocardial metabolism with the heart normally 
functioning in situ. Most data have been ob- 
tained from isolated perfused hearts, or at best 
by simultaneous measurement of the composition 
and rate of coronary artery inflow and of the 
composition of the coronary sinus venous outflow 
of blood, in the animal with chest cavity exposed. 
A technique has been developed for estimab'ng 
coronary flow from the rate of uptake of nitrous 
oxide by the myocardium, by measurement of 
successive differences in concentration of tfiis 
substance in the systemic arterial and coronary 
sinus venous blood, while inhaling lou' concen- 
trations of the gas. 'ITiis method gives results 
wlJch, fortunately, are comparable with the di- 
rect methods and makes possible, for the first 
time, extension of the studies to man (Bing ct at.. 


the veratmm drugs .arc given by Green (1954). 

Other Regions in Nervous System Affecting 
Medullary Centers. Nen'oiis impulses from the 
hypothalamic centers integrate the activity of the 
medullary cardiovascular regulatory center in tlie 
regulation of bod>' temperature and in emotional 
reactions, e.g., tachycardia associated with anxi- 
ety. Impulses from the motor areas of the cere- 
bral cortex (Green and Hoff, 1937) and probably 
also impulses from contracting muscles alter the 
activity of the medullary centers, so as to im- 
prove the blood flow in the skeletal muscles dur- 
ing physical exertion. Tlie medullary centers are 
also affected by impulses from the respiratory 
centers, the heart rate tending to vary with respi- 
ration; by afferent impulses m the minor splanch- 
nic nerves, stimulation causing a fall in arterial 
pressure, and by afferent fibers in many sensory 
nerves, probably pain fibers, electrical stimula- 
tion causing a nse of arterial pressure. 

Influence of Potassium and Calcium. In- 
crease in concentration of potassium ions tends 
to slow the heart and to cause marked slowing 
of intiraventn'cular conduction and decreased 
contractility. Increase in concentration of cal- 
cium ions causes speeding and increased con- 
tractility; excessive concentrations of calcium 
prevent full relaxation of the ventricles dur- 
ing diastole (Brooks et at, 1955). (See also 
page 233.) 

AND CORONARY CIRCULATION 

J934). From simultaneous recordings of coro- 
nary artery inflow using the rotameter and the 
nitrous oxide method, Gregg and associates 
(1951) concluded that the latter has an average 
accuracy of 5:12.4 per cent (extremes 4-21 to 
—22 per cent). 

Myocardial Metabolism 

Wlien the concentration of sugar in tlie 
blood is high, the myocardial respiratory quo- 
tient approaches 1.0, suggesting that carbo- 
hydrate serves as the primar)' source of fuel. 
Goodale and associates (1950) found in man 
a normal nonfasting respiratory quotient of 
0.89 to 0.93. Oxidation of glucose, lactate and 
pyruvate, computed from arteriovenous dif- 
ferences in concentration, accounted for 90 
to 100 per cent of the oxj'gen uptake incMS- 
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ured simultaneously. The amount of these 
substances extracted from the blood by the 
myocardium is in direct relation to the arterial 
concentration of each substance independ- 
ently of that of the others. Glucose is not 
utilized below a mean threshold of 54 mg. per 
100 ml. ( Goodale and Hackel, 1953, Schaefer, 
1956). As the level of blood sugar falls, the 
respiratory quotient shifts towards 0.7 (Good- 
ale et al., 1950). Under the latter conditions, 
myocardial fat, blood fatty acids or ketones 
may be consumed (Pearson et al., 1949a, b). 
Amino acids apparently do not serve as a 
substitute fuel ( Cruickshank, 1936). 

Both in patients with diabetes mellitus and in 
dogs wth alloxan diabetes, utilization of myo- 
cardial glucose is dimimshed relative to the nor- 
mal heart, usage of lactate is markedly decreased 
and that of pyruvate slightly diminished, while 
ketones and fatty acids are extracted at increased 
rates (Ungar et al, 1955), In the presence of 
severe diabetes, the myocardial respiratory quo- 
tient may also approach 0.7, uith glucose oxida- 
tion virtually absent. Addition of insulin raises 
the respirator)’ quotient to I.O u'ithout changing 
the oxygen uptake. 

Myocardial glycogen is reduced sbghtly (20 
per cent) by lowering of blood glucose levels. 
When epinephrine is added, myocardial glycogen 
rapidly disappears. After such reduction, glyco- 
gen levels can be restored by addition of glucose, 
but not of lactic acid to the perfusate. The con- 
centration of myocardial glycogen vanes with 
blood ketone levels, but not with blood glycogen 
or lactic acid levels, in animals that have first 
been fasted, then given butjTic acid or glucose 
in the diet. The concentration of myocardial gly- 
cogen inv’ariably increases from a normal level of 
0.6 to the order of 1.25 gm. per 100 gm of mus- 
cle in diabetes mclhtus and is reduced by addi- 
tion of insulin, whereas adrrumstrabon of insulin 
to norm.al animals increases the concentration of 
myocardial glycogen (Cmickshank, 1936). The 
glycogen concentration in mammalian hearts is 
reduced following anoxia, bums, or histamine in- 
toxication, and in shock (reviewed by Fislunan 
and Coumand, 1953). 

The normal heart consumes considerable quan- 
tities of both lactate and acetate. During gradual 
reduction of its oxygen supply, the heart con- 
tinues to utilize glucose and lactate. Failure sud- 
denly occurs with oxygen tensions of 15 to 30 
mm. of mercury, at which lime the heart begins 


converting glucose to lactic acid, witli outward 
instead of inward diffusion of the latter. Under 
these conditions, survival is prolonged by eleva- 
tion of the concentration of blocxl glucose but not 
by increase of lactic acid levels (Bogue ct al., 
1938). 

Phosphorus metabolism appears to parallel that 
of skeletal muscle, adenosine triphosphoric acid 
and phosphocreatine (phosphogen) serving as 
phosphorus donors, and adenylic acid and crea- 
tine as phosphorus acceptors (Wollenberger, 
1949). In asphy’xia and agljcemia a marked de- 
crease in phosphogen occurs in ventricukir mus- 
cle (Cniickshank, 1936). Digitalis and related 
compounds, cholesterol, estone, testosterone, and 
alpha tocopherol (vntamin E) protect tlie myo- 
cardium against anaerobic breakdown of coen- 
zyme I (Goner et al., 1946). 

Normal Values for Consumption of Myo- 
cardial Oxygen. The difference in ov>'gen 
concentration between systemic arterial and 
coronary sinus venous blood is larger than the 
arteriovenous difference for any other organ 
under resting conditions, and is of the order 
of 11 to 19 ml. of oxygen per 100 ml. of blood 
flow. This figure, combined with that for the 
rate of coronar>’ blood flow’ of 70 ml. per 
minute, gives an oxj’gen uptake by die myo- 
cardium of the order of 7 to 10 ml. per minute 
per 100 gm. of myocardial weight for man 
and 9 to 24 ml. per 100 gm. per minute for 
dogs (Spencer Ct at, 1950), which is e.xceeded 
only by the kidneys (18 ml. per minute per 
100 gm.) and possibly by the thyroid gland. 
Under resting conditions, the heart uses 
about 9 per cent of the total oxygen consumed 
by the body. 

Coronary Blood Flow 

Normal Values. In dogs the heart weighs 
appro.ximately 7.5 gm. per kilogram of body 
weight. In man the heart appears to be rela- 
tively slightly smaller, the figure frequently 
quoted being 300 grams for a man weighing 
60 kilograms or 5 grams per kilogram. Tlic 
most salisfactorv’ estimates at present place 
the normal flow’ at 55 to 70 ml. per minute per 
100 gm. of heart weight, or approximately 
120 ml. per minute per square meter of sur- 
face area; that is, under resting conditions the 
total coronat)’ blood flow is of the order of 
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4 to 5 per cent of the cardiac output per 
minute. 

Phasic Coronary Blood Flo^v. The flow of 
blood into the coronary artery at each instant 
in the heart cycle may be recorded with a 
suitable flowmeter (Gregg and Green, 1940; 
Denison et ol, 1956). Figures V-7 and V-8 
are records obtained with sucli a meter. 

The tension developed in the ventricular 
walls during systole produces strong extra- 
vascular compression of the coronary blood 
vessels, with a consequent increase in the 
resistance to flo%v through these ^>essels. As the 
myocardium contracts, it also squeezes blood 
out of the small vessels and back into the 
coronary arteries. These two factors cause 
the rapid systolic reduction in inflow (Jochim, 
1940). At the same time, of course, blood is 
also "massaged” forward into the coronary 
sinus. The sharp rise in flow at the beginning 
of ventricular ejection is caused primarily by 
the uptake of blood in the superficial coronary 
vessels with the rise in aortic pressure. The 
initial rapid inflow of blood into the coronary 
artery with the onset of isometric relaxation 
is in part the result of the uptake of blood to 
fill the previously compressed capillaries. 

The instantaneous blood flow through the myo- 
cardium can be computed accurately only during 
the latter part of systole and at the end of diastole. 
The effect of drugs on the portions of the coro- 
nary v’essels which regulate coronar)' blood fimr 
can he estimated best by measuring the coronary 
blood flow at the end of diastole (Katz et ol., 
J938, Gregg and Green, 1940) although meas- 
urements of mean flow give a fairly close approxi- 
mation to this figure (Denison and Green, 1958). 

The phasic flow in the circumflex branch of the 
left coronary artery is essentially similar to that 
described above for the anterior descending 
branch. The right coronary artery flow (see Fig- 
ure V-7) undergoes changes qualitatively similar 
to those in the left coronary artery throughout the 
heart cycle, but the reduction in flow in systole 
is proportion.alely much less, because of the lower 
intramyocardial tension in the right veotriciilar 
\%’al[. Hie lower intramyocardial systolic tension 
is associated u-ith lesser systolic intraventricular 
tension in the right as compared with the left 
ventricle (Gregg et al, 1943; Gregg, 1950). 

In the case of the left ventricle, increased 


left ventricular work resulting from a rise of 
aortic pressure is compensated to some extent 
by the rising head of pressure in the coronary 
arteries supplying this ventricle. On the other 
hand, when the pressure in the pulmonary 
trunk rises, a compensatory rise of pressure 
does not take place in the coronary artery sup- 
plying the right ventricle. This disproportion 
contributes to right ventricular failure in the 
presence of pulmonary arterial hypertension 
(Salisbury, 1955). 

Relation of Coronary Blood FIoiv to Myo- 
cardial Metabolism. Ordinarily the venous 
blood returning from most regions of the body 
has an oxygen concentration of around 14 
volumes per 100 ml. blood, i e., the oxygen 



Figure V-7. An CT.imple of flow into tlie nglit coro- 
nary artery measured svith the onfice meter for “in- 
stantaneous r.ite of flow." In (op curve, AP imlicatcs 
aortic pressure and figures represent m.iximum and 
minimum pressures in mm. Ifg. In middle curse, CF 
indicates coronary flow and figures represent rale of 
flow in ml /min. at the indicated points. Tlie O line 
indicates the position which the top of the flow curve 
would occupy at rcro flow. In the hollom curve, I\V 
indicates right intraventricular pressure ant! figures 
represent the maximum .and niinimum pressures in 
mm. Ilg. (neproduced from Gregg, 1D50, by courtesy 
of Le.i and Fchiger, I’liil.idelphia.) 
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Figure \'-8. Segments of records showing effects of asp!i>\ia upon the left 
coronary hlood flow AP, aortic pressure, F, blood flow in descending ramus 
of left coronary artery, scale at left gives rate of flow in ml /min.; figures 
below zero are for bacVSow. The studies were performed upon a dog vvitli 
chest opened, under morphine and sodium barbital anaesthesia. Asphyxia 
was produced by stopping the artificial respiration. Dunng the control 
periods (left-hand record A) aortic pressure was 93/52, the heart rate 
was 135 'min and the ateragc coronary flow was 17.5 mh/min. At the 
height of the a«ph>'Mal effect (nghl-hand record B), 1 min 40 sec. after 
onset of asphyxia, the aortic pressure was 104/56, the heart rate was 121/ 
min , and the acerage coronary flow was 458 ml./miD. (Reproduced with 
modifications, from Green and Wegria, 1942.) 


utilization amounts to approximately 30 per 
cent. Tlie coronary sinus blood has an oxygen 
concentration of about 6 to 8 volumes per 100 
ml. of blood, indicating an oxygen utilization 
of about 65 per cent. It is, therefore, obvious 
that increased metabolic demands by the 
myocardium must be met principally by an 
increased coronary blood flow rather than an 
increase in the oxygen utilization. 

The coronary blood flow under varying 
conditions increases approximately in propor- 
tion to the cardiac work and the intraventricu- 
lar pressure whetlier or not accompanied by 
cardiac acceleration. This increase is the re- 
sult of dilatation of the arterioles and small 
terminal arteries which regulate the coronarx' 
blood flow {Gregg, 1946). The degree of 
coronary’ arteriolar dilatation is most closely 
related to the oxj’gen concentration of the 
myocardium since the coronary blood flow 
increases markedly during reduction of the 
oxygen concentration of the inspired air (Fig- 
ure V-8), or intracoronaiy injection of sodium 
c>’anide; and after ischemia of as short a dura- 
tion as 5 seconds, but is not influenced by an 
increase in the concentration of carbon diox- 


ide in the inspired air (Green and Wegria. 
1942, Katz et al, 1945a, 1955; Foltz cf al, 
1950). The magnitude of the vasodilation is 
related to the degree of low'ering of the ox)’- 
gen saturation of the coronar)’ sinus blood 
(Berne ct al., 1957). However, no evidence 
has been found to indicate the presence of 
any vasoactive substance in the coronarj’ 
sinus blood (Jelliffe et al., 1957). 

Nervous and Chemical Control of Coro- 
nary Blood Flow, Stimulation of the cardiac 
sympathetic nerves (Figure V-9) and intra- 
coronary arterial injections of artereool (nor- 
epinephrine), epinephrine (meth)larterenol), 
and isoproterenol ( isopropylarterenol ) all 
cause an increase in the mean coronarj' flow 
and in the phasic flow at the end of diastole, 
indicating coronar)’ arteriolar dilatation. They 
all also cause shortening of systole, a reduc- 
tion of flow during systole and a greater re- 
duction of inflow, and often the appearance 
of back flow during isometric contraction, 
suggestive of increased vigor of myocardial 
contraction; and a more rapid inflow in early 
diastole, suggestive of more rapid relaxation 
of the ventricle in early diastole. 
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Nothing suggestive of coronary arteriolar con- 
stnction is noted in blood-perfused matnmaban 
hearts with any strength of adrenergic stimulus 
or with any dose of the adrenergic substances 
(Denison and Green, 1958). 

By occluding the inflow to a coronary artery 
while recording the pressure downstream 
from the occlusion, it is possible to record the 
peripheral coronary pressure. These curves 
(Figure V-IO) show a rise in pressure begin- 
ning with the onset of isometric contraction 
and a decline beginning mth the onset of 
protodiastole. Tlie steepness and magnitude of 
the rise and fall are increased and the dura- 
tion of the elevated portion shortened by 
sympathetic nerve stimulation and by all 
three adrenergic substances. The myocardial 
compression, u'hich is responsible for the rise 
in pressure, has been thought by some inves- 
tigators to improve coronary flow, but the 
consensus is that it serves rather to throttle 
flow (reviewed by Gregg, 1955). However, 
the greater systolic compression induced by 
adrenergic stimulation is usually accompanied 
by a more abrupt early diastolic relaxation, 
so that there is little over-all effect of changes 
of contraction on coronary flow (Denison and 
Green, 1958). 

Stimulation of the vagus caused no signifi- 
cant change in the phasic flow at the end of 


diastole despite considerable cardiac slowing. 
Neither constrictor nor dilator fibers were 
demonstrated in the vagus of the dog. The 
effects on mean flow were largely the result 
of changes in the relative duration of diastole 
per heart beat ( Figure V-11 ) and on the level 
of the mean diastolic pressure. Injections of 
acetylcholine into the left descending coro- 
nary artery, in contrast to vagal stimulation, 
caused changes in flow similar to those in- 
duced by the nitrites, indicating a definite 
coronary arteriolar dilator effect (Schreiner 
et al, 1957; Denison and Green, 195S). 

Under the influence of sympathetic stimula- 
tion, the coronary blood flow increased less than 
did the oxygen uptake; as a result, the arterio- 
venous difference m oxygen concentration was 
increased, and the increase in total oxygen uptake 
was relatively greater than the increase in cardiac 
work, indicating that sympathetic stimulation de- 
creased myocardial efBciency. On the contrary, 
parasympathetic stimulation decreased the oxy- 
gen uptake in proportion to the work of the heart 
and, therefore, may be said to have increased 
myocardial efficiency (Golhvitzer-Meier and 
Kroetz, 1938, Raab and Lepeschkin, 1950). 

Reports have appeared at various times sug- 
gesting that coronary Cow can be influenced re- 
flexly by impulses arising in various parts of the 
body (Gilbert et al., 1940), especially the ab- 
dominal viscera and gallbladder, but consider- 
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Figure V-9. Coronary perfusion pressure. Cr, and coronary flow curves, CF, during 
a control penod (segments A) and during stimulation of tlic left slclbte ganglion 
(segments B and C). Figures adfaccDt to the curves are rales of flow in ml. per 
minute and pressures in mm. Ug, (Reproduced from Denison and Crecn, 1958.) 
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Figure V'lO. Cunes of peripheral coronar>' pressure iUustrating effects of intra-arterial 
injections of Ijtg of arterenol (1) and of stimulation of the cardiac sympathetic nenes {2). 
Segments A, control, segments B, expcnmenta! effects. In each segment, the upper cune, 
AF, IS the aortic pressure recorded by a catheter inserted into the aorta by way of the brachial 
artery, and the lower cune, PCP, is a cur%e of the lateral pressure In tlie coronary artery. In 
tlie first portion of each segment, the cune PCP records the normal pressure in the coronaiy 
artery which is essentiall> similar to that m Uie aorta After the first 1 or 2 c>cles, the coro- 
nary artery flow is occluded upstream from the pressure gauge so that the gauge records Uie 
penpheral pressure in tlie coronar>' artery. Tills pressure drops abrupt!)', then nses and falls 
with each cardiac cs’cle. The figures adjacent to the cunes are the pressures in mm. Hg. 

(Reproduced from Denison ct al., 1956.) 


able doubt still remains regarding the importance 
of such reflexes (Fishman and Coumand, 1953). 

Myocardial Capillaries. The myocardial 
capillaries run parallel to the muscle fibers, 
and are of such number that normally each 
muscle fiber lies in direct contact with one 
or more capillaries. Hypertrophy, de\'eloping 
because of cardiac disease, causes enlarge- 
ment of the muscle fibers without increase in 
the capillaries and, as a consequence, the 
capillarx' supply per unit volume of heart 
muscle is decreased (Gregg, 19-16). 

Distribution of Coronary Blood Supply. 
Tltcrc are three distinct pallcms of distribu- 


tion of the coronar)’ arteries. In about one- 
Iialf of all human hearts, the right coronars’ 
artery is dominant, i.c., the right coronar>' 
arterj’ supplies all of llie right ventricle, a 
large part of the posterior wall of the left 
x^ntride, and the posterior lialf of the intra- 
ventricular septum. In about one-fifth of all 
hearts, the left coronary arlers’ is dominant, 
suppijing all of the left \entricle, tlic right 
\entricle in its posterior aspect, the region of 
the pulmonary conus, and the entire intraven- 
tricular septum. The remainder of all hearts 
have a balanced circulation, each ventricle 
r€?ceiving its blood siipplj' from its corre- 
sponding arters’; the posterior half of the intra- 
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Figure V-II. Curves illustrating lacf^ of effect of the vagus oi» the coronary arterioles. Upper curve, CP, 
records the lateral pressure in the coronary artery; the lower curve, CF, gives the rate of flow from moment 
to moment in tlie descending ramus of the left coronary artery. The figures adjacent to the curves give the 
pressures in mm. Hg and the rates of flow in ml. per minute. The lines with the zeros adjacent to them are 
the points assumed by the recorders at zero pressure and zero flow, respectively. In this esperiment, first a 
control was run, then, while stimulating the vagus nerve, an attempt was made to drive the heart at approxi- 
mately tlie control rate by means of an artificial pacemaker applied to the right atiriciilar appendage. Stimu- 
lation of the vagus was then discontinued and finally the pacemaker was stopped. As can be seen, neither 
the flow at the end of diastole, nor the flow at a point in the slower licart cycles (corresponding to the same 
time-interval as the end of diastole in the control beats) showed any significant change m flow or pressure as 
compared to the control. (Reproduced from Denison et al., 1956 ) 


ventricular septum is supplied by the right 
artery and the anterior half by the left artery 
(Gregg, 19S0). 

In dogs the dominant blood supply to the sino- 
atrial node is from the dorsal right atrial branch 
of the right coronary artery, but the node may 
receive blood also from the left coronary artery 
and the right internal mammary artery by xvay 
of its pericardiophrenic branch (Halpem, 1954). 

Collateral Communications. Small arterial 
communications exist between the smaller 
branches of the coronary arteries, between the 
main coronary arteries, and to some extent 
between the coronary arteries and the extra- 
cardiac structures. These communications are 
quite small, of the order of 40 microns (Schle- 
singer, 1938; Baroldi et al, 1956). 

In the dog the communications between the 
main coronary arteries are principally superiicial 
(Bobb el al, 1948). In the young pig, as in the 
young dog, the intercoronary anastomoses are 
quite small (Eckstein, 1954). 


Immediately after occlusion of a main coro- 
nary ramus, the communicating arteries would 
probably be sufficient to transmit only 2 to 5 per 
cent of the normal inflow of the occluded ar- 
tery (Wiggers and Green, 1936). After progres- 
sive graduiil occlusion, however, these communi- 
cating channels enlarge until they are capable of 
supplying 50 to 100 per cent of the normal inflow 
(Gregg et al, 1939; Fishman and Coumaiid, 
1953). E.tercjse increases the extent of develop- 
ment of collateral communications (Eckstein, 
1957). 

Commtmications are seen between the myo- 
cardial vessels and the ventricular cavities 
(arlerioluminal vessels). While they may 
serve as accessory paths for venous drainage, 
it is unlikely that they can serve as sources of 
arterial blood for the nourishment of the myo- 
cardium (Gregg, 1946). 

Electrical Activity of Heart. For a discus- 
sion of the electrical activity of the heart, see 
standard reference books on electrocardiog- 
raphy. 
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1. CARDIAC IRREGULARITIES 


Disturbances in Initiation of Impuhe 
RHYTHMS ARISING IN SINOATBUL NODE 

S inus Tachycardia. Sinus tachycardia 
represents a regular sinus rhythm at a rate 
above 100 beats per minute (Table V-1, a). 

Sinus Bradycardia. Sinus bradycardia is a 
regular sinus rhythm at a rate of 45 to 60 
beats per minute (Table V-1, b). During ex- 

* Editor’s note. Owing to Lmitation of space, lliis 
section has been condensed. For fuller discussion of 
subjects covered and for older references, see first 
edition. 


cessiv'e cooling of the body, the slowing ap- 
pears to be a direct effect of cooling of the 
heart muscle (Cookson and DiPalma, 1935). 

Sinus Arrhythmia. Sinus arrhythmia repre- 
sents a variation in the lieart rate which is 
usually associated with respiration; the rate 
increases during inspiration and decreases 
during expiration (phasic sinus arrh>-thm{a). 
Tlie arrh>'thmia is more marked in the young 
than in the aged. It is believed to be the 
result of impingement upon the cardio-regula- 
tory center of afferent impulses from the 
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lungs carried by the vagi ( Hering-Breuer fi- 
bers). Variations in the heart rate may also 
accompany Cheyne-Stohes respiration. Sinus 
arrhythmia is abolished by factors which de- 
crease vagal tone (Table V-1, c). 

PASSIVE RHYTHMS OF ECTOPIC ORIGIN 

Rhythms of passive ectopic origin have a 
rate of 80 or less per minute. They are usu- 
ally caused by failure of the sinoatrial node 
to maintain a normal rate of initiation of im- 
pulses, with the result that a lower center 
takes over the function of initiating the im- 
pulses. 

Atrioventricular Nodal Rhythm. Atrioven- 
tricular nodal rhythm is regular but the rale 
IS usually slower (30 to 50 beats per minute) 
than sinus rhythm. This rhythm may be seen 
after administration of too much digitalis 
and in atherosclerotic heart disease (Table 
V-l, h). 

Wandering Pacemaker. Under certain con- 
ditions the pacemaker function may wander 
back and fortli between tlie sinoatrial node 
and the atrioventricular node, probably be- 
cause of rhythmic depression and enhance- 
ment of activity in the sinoatrial node. In- 
dicative of such a shift is tlie characteristic 
slowing of the heart rate with electrocar- 
diographic inversion of the P waves and 
shortening of the P-Q intervals, usually to less 
than 0.10 second, whenever the atrioventric- 
ular node becomes the pacemaker. Such shift- 
ing may be the result of varying intensity of 
the vagal nerve impulses impinging on the 
sinoatrial node. 

Idioventricular Rhythm. An idioventricular 
rhythm is usually seen only during complete 
heart block. The ventricular rate is commonly 
about 30 beats per minute. Tlie impulse usu- 
ally originates below the atrioventricular node 
(as evidenced by the lack of retrograde con- 
duction to the atrium) but above the branch- 
ing of the Purkinje system, since normal 
QRS-T completes are recorded (Table V-l, 
b). Idiovcntriailar rhythm may also originate 
below the branching of the Purkinje system, 
or the impulse may originate above the bifur- 
cation in a person with pre-existing bundle- 
branch block; in either c.tso, the QRS com- 


plexes are abnormal and resemble those of 
premature ventricular beats. It is postulated 
that aberrant QRS-T contours occurring dur- 
ing escape-beats could result from impulses 
originating in proximal portions of the A-V 
node and transmitted to the ventricle by nor- 
mal as well as by preferential nodal path- 
xvays (Pick, 1956). 

active ectopic rhythms 

An active rhythm develops when, following 
a normal beat, some part of the heart gives 
rise to impulses that have an interval which 
is shorter than the normal interval behveen 
two sinoatrial impulses. If this occurs only 
occasionally and for brief intervals, premature 
beats result; with prolonged enhancement of 
initiation of ectopic impulses, paroxysmal 
tachycardias are produced. 

Premature Atrial Beats. A premature atrial 
beat usually spreads to and activates the sino- 
atrial node. As a result, the interval from the 
preceding normal beat to the premature beat 
is shortened. Tlie interval from the beginning 
of the premature beat to the next normal beat 
is usually slightly longer than one normal in- 
terval, but the interval from the beginning of 
the preceding normal beat to the beginning of 
the following normal beat is less than tivo 
normal beats. In other words, tJie pause fol- 
lowing the permature beat is not fully com- 
pensatory (Table V-l, c). 

Premature Ventricular Beats. Premature 
ventricular beats usually arise below the 
brandling of tlie special conduction system. 
Tlie premature ventricular beat is usually not 
transmitted back through the atrioventricular 
node and does not discharge the sinoatrial 
node. While the interval from the beginning 
of the preceding normal be.at to the begin- 
ning of the premature beat is shorter than nor- 
mal, this decreased interval is compensated 
by an increase in interval from the beginning 
of the premature beat to the beginning of the 
ne.xt normal beat; so that the sitm of the two 
inten.'als is equal to the sum of the intervals 
of rivo normal beats (Tabic V-l, c). Tlie ve- 
locity of transmission of the premature boat 
through the ventricular wall is about 0.3 
meters per second. Tlie direction of filler has 
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no clear influence on the spread of the excita- 
tion (Seller and Young, 1955). 

In pulse tracings, a premature beat (particu- 
larly if of ventricular origin) is associated with a 
weak pulse or sometimes with absence of pulse 
in the arteries, owing to a small s>3tolic discharge 
when the chamber (particularly the ventricle) 
contracts before it has had time to fill adequately. 
The first beat foUowing the premature beat is 
always larger than normal. 

\^entncular premature beats are most often 
associated wth aortic insufficiency, or atheroscle- 
rotic or hypertensive heart disease. Atrial pre- 
mature beats are most often encountered m mitral 
stenosis, and frequently in aaite infections such 
as diphtheria and scarlet fever. Organic heart 
disease is almost always present when premature 
beats arise from multiple foci. Premature beats 
are rarely seen with heart rates over 120 per min- 
ute. 

Pulsus Bigeminus. Pulsus bigeminus repre- 
sents a regularly recurring premature beat, 
usually arising in the ventricle. Such beats 
are seen frequently after overdoses of digi- 
talis. 

Interpolated Extrasystolcs. Interpolated 
e.xtrasystoles are seen onlj' w'ith slow ventric- 
ular rates. Such interpolated evtrasystoles 
arise in the ventricle and occur sufficiently 
early in the diastole of the preceding normal 
beat to give the ventricle time for full re- 
covery before the next normal sinoatrial beat 
arrives. 

Paroxysmal Tachycardias. Like premature 
beats, paroxj'smal tachycardias may arise in 
the atrium or tlie nodal (supraventricular) tis- 
sue or the ventricle. In essence, they repre- 
sent a series of regularly occurring premature 
beats and the complexes are similar to those 
described above, under Premature Beats 
(Table V-1, a). A series of rapid premature 
atrial beats may result from a single electrical 
shock applied to tlie atrium in the “vulnerable 
period” during tlie relatively refractory’ period 
of the atrial cycle (Orias et ah, 1950). With 
increased intensity of the shock, atrial fibrilla- 
tion may result. 

\'entricular tachycardias have essentially the 
same rates as atna! tachycardias and are often 
associated with organic heart disease, especially' 


coronary disease. During either atrial or ventric- 
ular paroxysmal tachycardia, the murmurs of 
mitral stenosis are frequently absent. E\en in 
otherw’ise normal hearts, the electrocardiograms, 
during and for several days after an attack of 
paroxysmal tachycardia, may show widened and 
inverted T wai-es and prolonged Q-T inteix-als in 
the limb-leads. 

Atrial Flutter. Atrial flutter represents a 
rapid regular rhythm originating at an ab- 
normal site in the atrium (Table V-1, a). 
Some studies suggest that the rhythm may 
result from rapid initiab’on of impulses from 
a unitary focus (Scherf et al., 1948; Prinzmetal 
ct ah, 1950). How’ever, DiPalma and Schultz 
(1950) have reviewed in great detail the liter- 
ature dealing w’itli ectopic cardiac arrhyth- 
mias, and particularly' that concerned with 
flutter and fibrillation, and have arrived at 
the opposite conclusion. They believe that all 
such airhytlimias originate, not because some 
area of the heart is liy’perirritable, but rather 
because of tlie presence of one or more de- 
pressed areas haN-ing prolonged relati\’el>' re- 
fractory periods and e\’en more prolonged 
conduction rates. Tliese areas of partial block, 
which may be \’ery small, allow* re-entry* of 
the impulse previously generated by some 
other region or preWously passed by the 
blocked area, and thus appear to become rap- 
idly disebarging foci. 

Atrial Fibrillation. Atrial fibrillation is an 
irregularity in initiation of atrial impulse in 
which the atrial rate may be between 300 and 
500 per minute (Table V-1, c). Cardiac 
catheterization demonstrates that tliese ar- 
rhythmias significantly impair cardiac func- 
tion, especially in association witli intrinsic 
heart disease. Reversion to a normal rhyilim 
increases cardiac output and lowers right 
atrial pressure and pulmonary blood volume 
(Hansen et al., 1952; Haivey et ah, 1955). 

The following theories have been advanced to 
account for initiation of the rapid impulse: (1) a 
rapid arcus wa\’e of irregular path is present 
(DiPalma and Schultz, 1930); (2) se\eral cen- 
ters of rapid formation of stimuli are active 
(Prinzmetal ct al., 1950). Prinzmetal and co- 
workers (1955) claim that liigh-spced motion- 
pictures of the exposed human heart demonstrate 
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a chaotic disturbance consisting o£ heterorhyth- 
mic large and small waves, occurring simultane- 
ously at rapid and irregular rates, no circus move- 
ment was found. They believe that (a) the ir- 
regularity starts as flutter, induced by rapid dis 
charge from a single ectopic focus with onlerly 
spread, (b) as the frequency of initiabon of the 
impulse increases, there is a breakdown of or- 
derly activity, since the atrium no longer can re- 
spond in a coordinate manner; and that (c) 
quimdine and other antifibrillary drugs convert 
the fibrillation to flutter and finally to normal 
rhythm by suppressing the activity of the ectopic 
focus rather than by “closing the gap” in a circus 
wave. 

In experimental animals, atrial fibrillation can 
be induced by intravenous injection of acetylcho- 
line, together with administration of anticholines- 
terase (Loomis and Krop, 1955) or thyroid ex- 
tract (Leveque, 1956), and by a single electrical 
shock applied to the atrium in the "vulnerable 
period’’ during the relatively refractory phase of 
the atrial cycle (Orias ct al., 1950). Atrial fibril- 
lation usually starts as a short series of accelerat- 
ing premature beats (DiPalma and Schultz, 
1950). Once fibnllation starts, it usually persists 
throughout life unless stopped by administration 
of quinidine. 

The coronary blood flow tends to be reduced 
during atrial fibrillation, but the reduction is less 
than the corresponding decreases in cardiac out- 
put and aortic pressure. It is believed, therefore, 
that either the systolic extravascular compression 
of the coronary vessels or the coronary vasomotor 
tone is reduced (Wegria ct al., 1950a, b). 

Ventricular Fibrillation. Ventricular fibril- 
lation in man is almost invariably fatal. It 
probably represents the occurrence of a circus 
movement of e.xcitation of the ventricles. Ven- 
tricular fibrillation in man is usually a ter- 
minal event unless the process is stopped by 
“countersliock,” as noted below (Table V-1, 
c). However, instances of transient recurrent 
attacks of ventricular fibrillation Iiave been 
reported in patients without organic heart 
disease (Robertson and Mathews, 1952; Dup* 
ler, 1953). These patients experienced sym- 
cope during the attacks. 

Ventricular fibrillation is initiated most com- 
monly by coronary occlusion but also may l>c in- 
duced during surgery of the heart by accidental 
mechanical or electrical excit.Ttion of the \entri- 


de during early diastole, i.e., during the "vmlner- 
able” or relative "refractory period” (Wiggers, 
1940). The "vulnerable period" probably coin- 
cides \vith the period of increased excitability 
whidi Suckling and co-workers (1950) noted in 
animals about 160 milliseconds after the onset 
of a previous excitation, the threshold for excita- 
tion appears to rise with intervals of 180 milli- 
seconds, and then falls to its lowest level with 
intervals of 230 or more milliseconds. DiPalma 
and Schultz (1950) believe that an area of par- 
tial block, caused by myocardial depression, is 
essential for the genesis of fibrillation, and that 
the basic mechanism is essentially similar to that 
in ectopic beats and flutter. Ventricular fibrilla- 
tion can also be induced by local cooling of a 
portion of a ventricle (Seberf et at, 1955) and 
by Injections of epinephrine during chloroform 
anesthesia (Dyer and Ferguson, 1954). 

If the heart can be exposed and subjected 
directly for a brief period to alternating cur- 
rent of the value of about 1.5 to 2.1 amperes, 
fibrilkilion can be stopped (Leeds et at, 1951; 
Dyer and Ferguson, 1954, Zoll et at, 1956), 
probably because simultaneous excitation of 
all parts of the ventricle by the strong current 
makes the entire ventricle refractory and thus 
prevents the spread of the circus movement 
of excitation. The ability to stop fibrillation 
and restore the normal rhythm has made pos- 
sible open cardiac surgery in “quiescent” (fi- 
brillating) hearts. Metabolic studies indicate 
that the oxidative requirements may be lower 
during fibrillation than in a normally working 
heart (Paul ef at, 1954) but greater than in 
a non-working heart (Jardetzky et al , 1956). 

Disturbances in Conduction of Impulse 

Sinoatrial Block. Sinoatrial block is be- 
lieved to occur when beats are suddenly 
dropped without other interruption in the 
rh)’thin; in other Ai’ords, U’hcn the interval 
between two beats suddenly becomes twice 
the normal length (Tabic V-1, d). This rather 
rare condition is believed to be caused either 
by inability of the atrium to respond to the 
impulse from the sinus or by some form of 
block existing temporarily between the sino- 
atrial node and the atrial tissue. 

Intra-atrial Block. Infra-atrial block has 
licen described from electrocardiographic 
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tracings only; it is characterized by the pres- 
ence of broad, notched or prolonged P waves 
(Walters and Grishman, 1954). 

WolfF-ParkinsonAVhile Syndrome ('Tusion 
Beats”). Tills syndrome can be diagnosed 
only from the electrocardiogram. It is charac- 
terized by a short P-Q inter\'al and a pro- 
longed QRS, and is thought to represent a 
precocious excitation (and contraction) of a 
limited portion of the left, or sometimes of 
the right, ^'entricle. Tlie early excitation is 
thought to be induced by an accessory’ path- 
way from atrium to ventricle, in «'hich con- 
duction is less dela\’ed than through the atrio- 
ventricular node (Bandiera and Antognetti, 
1958). (See Table V-l,rf.) 

Delayed Conduction (First Degree Block, 
Incomplete Block). Delayed conduction rep- 
resents a slowing in the rate of propagation 
of the cardiac impulse from the atrium 
through the atrioventricular node and Pur- 
kinje sj’stem to the ventricle It is caused by 
damage to, or depression of, the atrioventric- 
ular node and the conduction tissue (Table 
V-1, (1). 

Prolonged Refractory Period ( Dropped 
Beat, Second Degree Block. Partial Block). 
If for anv reason the atrioventricular node 
and conduction tissue recover less rapidly 
than normally from a previous beat, i.e., if the 
refractory period is prolonged, tlien the sec- 
ond impulse from the sinoatrial node mav 
arrive at the atrioventriailar node before it 
is fully reco\ered from the first Under these 
conditions, the second heat fails to gel 
through and the ventricle does not respond 
until the third sinus beat, gising a two-to-one 
heart block. In these conditions, there may 
be a combination of prolonged conduction 
and prolonged refractoiv periods (Table V-1, 

h). 

Interference and Dissociation. Interference 
refers to failure of the second of two dosely 
spaced inpiilses from the same or different 
sources to activate a portion of the heart, 
owing to the normally long refractory state 
of lieart tissue which follows its excitation bj’ 
the first impulse. Dissociation denotes that 
the heart is activated first by one, then by an- 
other pacemaker. In both instances, the re- 


fractory' periods are assumed to be ss'ithin 
normal limits, in contrast to block in which 
the refractory’ period is usually prolonged. 
The phenomena of interference and dissocia- 
tion may lead to a number of complex ar- 
rhythmias. The sinus beats mav occasionally 
fall in the nonrefractory' period of the atrio- 
ventricular node and produce a beat of the 
ventricle. These forms of arrhj’thmia resemble 
those seen with atrioventricular block (Bur- 
chell, 1949). 

Synchronization ( Accrochage ) . Occasion- 
ally pah'ents with complete A-V block may 
show short periods of apparent or actual syn- 
chronization between atrial and xentricular 
beats (Marriott, 1956). 

Concealed Atrioventricular Conduction. 
Frequently a premature beat may be trans- 
mitted through the atrioventricular node 
(either forxvard or backward) and then be 
blocked before it e.\cites the ne.xt chamber. 
The effect of the concealed conduction may 
be noted, however, by the prolongation of 
the next P-Q interval or failure of the next 
impulse from the pacemaker to be transmitted 
(Langendorf and Pick, 1956). 

Complete Heart Block. Complete heart 
block is characterized by a very slow ventric- 
ular rate which is independent of the atrial 
rate. It visually develops suddenly and may 
persist permanently (Table V-1, b). Tempo- 
rary periods of heart block have been noted 
during reflex vagal stimulation induced by 
massage of the carotid sinus (Schwartz and 
Eichna, 1950). 

The P-P interval of the atria maj' occasionally 
x'ary with the time of occiirreiice of the ventricular 
beat. This is caused in part by cj’clic ch.'inccs in 
\agal tone with each ventricular beat (Rosen- 
baum and Lepeschkin, 1955). 

“Fusion” Beats. A beat of the atria or ven- 
tricles may' be caused by' two impulses arriv- 
ing at the chambers so close together that 
only one beat results. Malinow and Langen- 
doif (1948) have given a detailed classifica- 
tion of such fused beats and indicate that they 
may arise (a) from two sources, c.g., in the 
atria, from the sinoatrial and atrioventriailar 
nodes or, in the ventricles, from the alriovcn- 
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trieular node and from an idioventricular beat; 
or (b) from one source, such as that seen in 
the syndrome of the short P-Q interval and 
prolonged QRS complex. For further discus- 
sion of this syndrome, see pages 168 and 204. 

Bundle-Branch Block. Intraventricular 
Block. In bundle-branch block the impulse is 
delayed in its spread through some part of 
the ventricles. This may result from injury to 
a portion of the specialized conduction tissue 
so that the impulse must be conducted by ordi- 
nary m)'Ocardial tissue past the area of block, 
following which it re-excites the more distal 
conduction tissue, allowing e.\citation of the 
remainder of the heart. Tim impulse is de- 
layed during its spread through the ordinaiy- 
myocardium so that the time required for 
excitation of both ventricles is longer than 
normal. The terms "intraventricular block” 
(Rosenman et al , 1950) or “left- (or right-) 
sided retardation” (Rasmussen and Moe, 1948) 
have been suggested as preferable to “bundle- 
branch block” in designating the condition of 
delayed conduction in a portion of the ven- 
tricle. Tire latter authors found evidence of 
damage to the bundle in only 14 of 72 cases. 
In intermittent bundle-branch block, the 
block appears with increase and disappears 
with slowing of the ventricular rate (Shearn 
and Rytand, 1953). 

It has been generally thought that bundie- 
branch block indicated a grave prognosis. 
However, in a survey of 100 cases of sucli 
block, 28 were found in patients under 40 
years of age and 7 in patients under 20 years 
of age, 29 had no other evidence of organic 
heart disease, and it was known that many of 
the patients had bundle-branch block for at 
least 10 years. It was, therefore, concluded 
that patients with bundle-branch block Iiave 
a much more favorable prognosis than had 
been previously believed (Langley ct al., 
1947). 

Pulsus Altcmans. Pulsus alternans repre- 
sents alternating strong and weak beats of the 
ventricles with a regular rhythm. Tlie alterna- 
tions arc usually noted on palpation of (he 
pulse, registration of the arterial pressure 
pulses or arterial pressures; hut nltemation 
may also he seen in the amplitude of the QRS 


and ST complexes in the electrocardiogram 
(Groedel and Miller, 1949). Ventricular alter- 
nation is seen most commonly with coronary 
artery disease and, as such, has a moderately 
serious prognosis. Tlie alternation can occur 
independently in either ventricle, is usually 
but not always associated with hypertension 
in the corresponding arterial system (Ferrer 
et al., 1956), and may be accentuated by fac- 
tors which tend to decrease venous return. 



Figure V-12. Three examples of pul- 
sus alternans. AP, aortic pressure, AB, 
base line for aortic pressure: M, luyo- 
grapliic record. Dox'nwarcl niose- 
ment of the myoRraphic record indi- 
cates lengthening, upward niosement 
indicates .shortening of the myocar- 
dial fibers. In these studies the area 
of muscle, to wliich the myograph 
was attached, ssas rcndcrnl partially 
ischemic. Note tlie alternate huge 
and small pulsations in the aortic 
pressure curse. The strong puhations 
coincide with shortening, the sseah 
pulsations with esfension of the mus- 
cle fibers. Tlie rhythm is regular. 

(Reproduced from Green, 1030). 
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Pulsus alternans is probably the result of 
prolongation of the refractory period of part 
of the myocardial fibers ^^'hich are rendered 
parh’ally ischemic by the arterial disease (Fig- 
ure V-12). 

General Comments. Age. Irregularities oc- 
curring before the tenth year usually repre- 
sent sinus arrhythmias, although heart block 
and premature contraction may be seen, par- 
ticularly accompanying enlargement of the 
heart. Atrial fibrillation rarely occurs before 
the age of 17. Frequency. The most common 
irregularity is atrial fibrillation which ac- 
counts for approximately 40 per cent of dis- 
turbances. Next most frequent are premature 
ventricular contractions which account for 
about 35 per cent of irregularities, and alter- 
nation for 10 per cent. Paro.xysmal tachycar- 
dia, heart block and flutter together make up 
the remaining 15 per cent of arrhythmias. At 


least 5 per cent of the irregularities are as- 
sociated ^vith cardiac failure. Heart rale. 
Heart rates of 35 and below usually indicate 
complete heart block. Rates of 40 to 50 sug- 
gest prolonged refractory period. Persistent 
rates of 130 and over, associated with a regu- 
lar rhythm, indicate tachycardia and rates of 
120 and over, >vith an irregular rhythm, usu- 
ally represent atrial fibrillation. Atrial fibril- 
lation is the most persistent. Other irregular- 
ities are usually transient. 

Stokes-Adams Seizures. Syncopal attacks or 
convailsive seizures, resulting from inadequate 
cerebral blood flow for periods vary’ing from 
3 to 9 seconds, may be induced by (a) a 
prefibrillatory type of ventricular tacliycardia 
or flutter, (b) ventricular fibrillation, (c) 
complete cardiac standstill, or (d) ventricular 
asystole with maintenance of atrial beating 
(BeUet, 1957). 
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TABLE V-1 

Differential Diagnosis of Cardiac Irregulanties, Ba^d on Principal Clinical Signs 


a. Tachycardias 


Designation 

Rate. Rhythm 

AJecied By 

Course. Symptoms 

Causes 

Electrocardiogram 


120-170, regular 


Gradual onset 
and disappear- 
ance. Duration, 
minutes to days 

1 

Exertion, anoxia, 
emotion, atropine, 
amyl nitrite, thy- 
roxin, hyperther- 
mia, heart failure, 
shock and hem- 
orrhage 

P-Qlow normal, 
QRS normal, Q-T 
shortened 

Paroxysmal atrial. 
(Two to six times 
as frequent as ven- 
tricular) 

120-200, usuall) 
160-180;upto 

300 in infants; 
regular 

N! ay occasionally 
besrt^pedwirh 
exercise, carotid 
pressure, deep 
breathing and 
Mecholyl, does 
notvary with ex- 
ercise. Kate may 
remain slow after 
release of pressure. 
May stop with 
qumidme 

Sudden onset and 
disappearance. 
Duration, seconds 
to hours. Maybe 
unnoticed or as- 
1 sociatedwith 
' dyspnea. Mavin- 
1 duce angina, taint- 
ing or mild heart 
failure 

1 Unknown cause 

1 or exertion, fa- 
tigue, indigestion, 
infection, heart 
disease, use of 
tobacco, alcohol 
or digitalis 

1 

Rapid regular pre- 
matureatrial 
beats, i.r., inverted 
or diphasic waves; 
normal QRS or 
widened inverted 

T waves. Occa- 
8ionally2:l block 
or bundle-branch 
block with very 
rapid rate 

Ventricular. 

(Rare, serious, 
active) 

As in paroxysmal 
atrial. Maybe 
slightly irregular 

Digitalis contra- 
indicated; may pre- 
cipitate fibriUation 

1 

Asm paroxysmal 
^ amal 

1 

Often associated 
with organichearti 
disease 

1 

QRS resembles a 
prematurebeat; 
atria may beat in- 
dependently or 
may fibrlllate.or 
there may be back- 
ward conduction 

Nodal atrioven* 
tricular. (Very rare, 
active) 

1 

As in paroxysmal 
atrial but may be 
as slow as 90 

1 


As in paroxysmal i 
atrial 

1 

! 

As in paroxysmal i 
atrial 

Regular retro- 
grade atrial 
response or absent 
P waves; QRS-T 
as for atrial tachy- 
' cardia 

Atrial flutter. (One- ' 
fourteenth as com- 
mon as atrial 
fibrillation) 

Atrial rate 200 to ! 
400, average 300. , 
Ventricular rate 
usually one-half 
atrial rate, rhythm 
usually regular 

Not affected by 
exercise, rest. 
Pressuw on ca- 
rotid sinus may 
halve rate by caus- 
mg2:l block or 
changing this to 
4:1 block, with re- 
turn to former rate 
on release of pres- 
sure. Digitalis 
mayconvertflut- 
ter to fibnllatioD. j 
Quinidine may 
convert to normal ' 
sinus rhythm 1 

May be parox- 
ysmal, last hours 
or years. Symp- 
toms depend on 
ventricular rate 

I Circus wave? 

1 More common in 

I presence of heart 
disease. Three 
times as common 
in males. More 
frequent after 
age 40 

i 

1 

i 

1 

Usually 2:1 A-V 
block. May also 
be intraventric- 
ular block or 
complete A-V 
block. Regular 
rbythm.F wases, 
rather than 
distinct P waves 

Atrul filirillttion, 
second -ec. Other 
Anhsihmxas 
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TABLE \-\,conttnued 


b Krady card tat 


Designation 

Rate. Rhythm | 

Abetted By 

Course. Symptoms 

Causes 

Eleetroeardiogram 

Sinus brad) cardia 

4Sto60 1 



Occurs in sleep 
and in athletes. 
Inhalation ofir- 
ntancgas, pres- 
sure on e) eballs 
and caroud sinus, 
increased intra- 
cranial pressure, 
jaundice, epidemic 
parotitis, influ- 
enza, excess of 
digitalis 

Lengthening of 

P-Q,(3-TandQ- 

waves 

Partial heart block 
Dropped beats, 
second degree block 

30 or more 

Exercise or ams i 
nitnie mav abolish' 

Mav appear sud- j 
deniy. May be as- 
sociated with 
fainting. Jugular 
pulse mas reveal ; 
isolated atnal 
pulse waves 

Atnal heart sound 
mav be present. 
Sometimes Adams- 
Stokes syndrome 

Digitalis, m}'ocar' 
dial damage, 
severe infections 
(t)-phoid, diph- 
theria, influenza, 
scarlet fever, 
pneumonia), cor- 
onarj* artery 
disease 

Ventricular rate 
may be faster with 
faster atrial rate 
(453,3:2, 2:1 or 

3:1 block may be 
present) 

Atrioventricular 
nodal rhj'thm 

30 to SO, average 
40, but as high as 
80, per minute, 
regular 

Ma) be returned 
to sinoatrial 
rh> thm withatro- 
pine or exercise 

Sometimes Adams- 
Stokes s) ndrome 

Marked depres- 
sion of sinoatrial 

P wave may be 
inverted, P-Q 
short,orPwave 
may follow QRS 

Complete heart 
block, sinus stand- 
still, idioventricular 
rh> thm (passive) 

Ventricular rate 
averages 30 per 

Not afTected b) 
exercise 

Ma} appear sud- 
denly. Ma) be 
associated with 
fainting. Jugular 
pulse may have 
atnal waves. 

.Venal heart 
sounds may be 
heard. Sometimes 
Adams-Stokes 
syndrome 

M)ocardial dam- 
age, scvereinfec- 
tions (influenza, 
t>phoid fever, 
scarlet fever, 
diphtheria, pneu- 
monia), coronary 
artery disease 

.Vtri'drateabout 

70, ventricular 
rate about 30 per 
minute. Normal 
ventricular com- 
plexes 
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TABLE VAtCotUtnueJ 


c. Other Arrkytkmtas 


Designafian 

Rate. Rhythm 

Afeeted By 

Couru. Symptoms 

Causes 

Eiedroeardiogfam 

Sinus arrhythmia 

Normal rhj thiiiic 
speeding and 
slosi ingwith 
respiration 

Abolished by ex- 
ercise, atropine, 
hemorrhage (r.e., 
on speeding of 
rate), contrary to 
atrial fibrillation 

Normal 

Normal 

Normal 

Premature atrial 
contractioris 

Normal 


Usuatl> none 

Atrialmyocardial 
anoxia, heart 
failure, rheumatic 
fever 

Pwave inverted 
or has other 
abnormal shape; 
shorter preceding 
P-P interval 
than normal 

Premature ventric- 
ular contractions 

Normal 


Prolonged pause 

Ventricular myo- 
cardial anoxia, 
coronary artery 
disease 

Abnormal QRS, 
prolonged, high 
voltage 

Pulsus bigeminus 

Normal 


Usualivnone 

Digitalis poison- 
ing, re-entry 
rhythm 

Second beat sim- 
ilar to premature 
ventricular beat 

Pulsus aiternans 

1 

Normal. Rhythm 
regular 

1 

1 

Alternate pulses i 
are weaker than ! 
normal 

Cardiac insuffi- 
ciency plus pro- 
longed refractory 
period of part of 
myocardial fibers 

Rhythm regular. 
Alternate beats 
may have lower 
voltage 

Atrial fibrillation 

Atrial rate 300 
to 500, average 
•too. Vuncncuhr | 

rhythm irregular, 1 

J30-150pcr 

minute 

May vary with ex- 
citement and enio- 
fwn. I?igiMbr_ 
slows heart by in- 
creasing A-V 
block. Amylni- 
trite, exercise and 
atropine abolish 
arrhythmias of 
sinus origin but 
not those offi- 
bnllation. Quini- 
dme frequently 
converts to nor- 
mal sinus rhythm 

Patient conscious 
of irregular heart 
sceton, palpr»- 
tion. Rhythm 
grossly irregular. 
Pulse deficit. Ab- 
sence of pres) s- 
tolic mitral mur- 
mur and absence 
of triple jugular 
venous pulse 

Circus movement, 
commonly associ- 
ated with heart 

1 disease, especially 
mitral valve dis- 
ease. Twoorthree 

1 times as common 

1 

P waves absent, 
orfinePwaves 
presene. QRS 
normal but ir- 
regularly spaced 

Ventricular fibrilla- 
tion 


May be abolished 
b) immediate 
massage and 
“countershock” j 

! 

Arterial pressure 
fails to zero, res- 
piration stops. 
Most common 
cause of sudden 
death 

j Coronary occlu- 
sion. Electric 

rinewavelike 
unduhfions. Ab- 
sence of QRJvT 
complexes 
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TABLE V-1, continued 


i vlinertnaltluj DiapioseJ Only hy Electncardio^am 


Designation 

Rale. Rhythm 

Affected By 

Course. Symptoms 

Causes 

Eiretreeardiogram 

Prolonged conduc- 
tion. First degree 
block, incomplete 
block 

Xormal 

May be shortened 
: by atropine 


Digitalis, rheu- 
matic fever, dam- 
age to A-V node 
and conduction 
tissue 

P-R interval 0.21 
to 0.50 second 

Interpolated extra- 
sj’stoles 

Normal 



Likely to occur 
only with rela- 
tively slow atrial 
rate 

Ventricular pre- 
mature beat 
placed so that 
refractory period 
is over before 
next atrial beat 

Bundle-branch, 

intraventncular 

block 

Normal 


Usually perma- 

Damage to one 
bundle branch 

.411 ventricular 
beats resemble 
premature beats 
in appearance, 
i.e., higher volt- 
age and prolonged 
duration 

Wotff-ParUnsoa- 
^\'hlte sj-ndrome 
(fusion beats) 

Normal 

i 

(Paroxysmal 
tachycardia may 
be mistaken for 
this syndrome) 

Cbngenital__origin, 
bundle ofKent 

Short P-Q with 
prolonged QRS 

Sinoatnal block 

Normal except for 
missieg beats 


No symptoms 

Vagotoniestate, 
atherosclerotic 
; heartdiKase,dsg> 

! itaJis poisoning 

Occasional ab. 
seneeofPand 
QRS.T 

Intra-atnal block 

Normal 



Coronarj’ anerj’ 
disease! 

P waves broad, 
notched or pro. 
longed 


2. STRUCTURAL DEFORMITIES OF HEART 


Acquired ValcuJar Defects 

Mechanisms for Production of Murmurs. 
It is generally believed that eddy currents are 
responsible for the production of cardiac mur- 
murs and Korotkow sounds. In a tube of a 
gi\’en size, eddy currents de^•eIop whenever 
the velocit)' of flow exceeds, or the wscosity 
drops below, a critical figure. Increase in the 
diameter of a vessel, for a given sascosity and 
mean velocitx’, increases the likelihood of 
eddy currents. Eddy currents develop at 
lower \elocities of flow whenever the tube is 
suddenly dilated or becomes bent or angu- 
lated. Tl^e cardioNTisculax system is so con- 
structed that it normally operates just below 
the critical level for the production of eddy 
currents (Green, 1950). 

Rodbard and Saild (1953) belie\'e the mur- 
murs are a result of alternate starting and stopping 
of the stream. Tlie stream stops because of col- 


lapse of the vessel or valve opening at its point 
of narrowing, mN-ing to lowering of lateral pressure 
associated with a high \'elodt>' of flow; and tlie 
flow starts because the eneig>' of motion is con- 
serted into pressure which forces open the col- 
lapsed segment The frequenej’ of the sound will 
be highest (300 repetitions per second) with 
strong degrees of narrowing or compression; the 
frequencs' falk as the degree of compression of 
the onfice is lessened, and at a critical diameter 
the flow becomes constant and the sounds dis- 
appear. 

Grading of Murmurs. For convenience in 
folimving changes in cardiac lesions and in 
inlerpreling their significance, many dinicians 
grade the loudness of murmurs. LeAine 
(1933) has graded a murmur 1-f- if it can 
just be beard after careful auscultation, and 
6-f- as the loudest possible murmur which can 
usually be heard with tlie unaided car at 
some distance from the chest. Murmurs be- 



ABNORMAL CARDIAC FUNCTION 


211 


tween these extremes are graded 2-|- to 5-|-- 
On the basis of a follow-up of rejectees from 
World War II, \Vhite and associates (1949) 
reported that “slight (grade 2) systolic mur- 
murs at the apex are borderline and open to 
careful scrutiny, as is also true of systolic mur- 
murs of moderate intensity (grade 3) at the 
pulmonary valve area, especially when the 
pulmonary second sound is unduly accentu- 
ated ” Aortic systolic murmurs were regarded 
as abnormal when more than very slight 
{grade 1) in intensity, and diastolic mur- 
murs anywhere were adjudged abnormal. 

Classification of Murmurs. Murmurs may 
be physiologic or pathologic. According to 
Levine and Harvey (1949), nonsignificant 
functional (physiologic) systolic murmurs are 
often heard in anemia, owing to the accom- 
panying increased cardiac output and result- 
ing higher velocity of flow and the concom- 
itant reduction in viscosity of the blood. 
Murmurs may also be heard during fever, 
hyperthyroidism and exercise, tachycardia 
may occasionally bring out systolic murmurs 
and at other times suppress them. It is prob- 
able that the murmurs are caused primarily 
by the increased velocity of blood flow asso- 
ciated with these conditions. They believe 
that, in the absence of fever, tachycardia, 
hyperthyroidism and anemia, a gradc-2 apical 
systolic murmur is more likely produced by 
an organic mitral insufficiency than by physio- 
logic causes. 

Xiurmurs may also be classified as (hose caused 
by ejection or by regurgitation. (I) Ejection- 
murmurs are separated from the first sound by 
isometric contraction, are crescendo-diminuendo 
(diamond-shaped) and end appreciably before 
the second sound. They are caused by ejection of 
blood from the left or right ventricle in the pres- 
ence of (a) stenosis of a valve or tract, (b) in- 
creased fonvard flou’, or (c) dilatation of the 
ascending aorta or pulmonary trunk. (2) Regurgi- 
tant murmurs are paras>’stoUc, i.e., they begin 
with the first and end with the second sound, the 
volume of the sound is relativelj- constant; and 
such murmurs are associated with mitral or tri- 
cuspid regurgit.Ttion or with a left-to-right shunt 
in ventricukar septal defect or patent duchis ar- 
teriosus (Leatham, 1938). 


Aortic Valvular Disease. Aortic insuffi- 
ciency. If the aortic valve fails to close prop- 
erly, blood regurgitates into the ventricle dur- 
ing ventriarlar diastole. The volume of blood 
regurgitating may be as much as 50 per cent 
of the systolic discharge, in which case tire 
stroke volume must be twice normal in order 
to maintain a normal rate of circulation 
tlirough the body. The regurgitant fluid, 
added to the volume of blood entering the 
ventricle from the atrium, causes greater in- 
itial ventricular volume and tension and, 
thereby, a stronger ventricular systole, a larger 
systolic discharge, and a more abrupt rise in 
aortic pressure. The sharply-rising wave-front 
is transmitted to tlie periphery as a water- 
hammer pulse, giving rise to a tap felt by the 
palpating hand and to the pistol-shot pulse 
heard at the inguinal canal. The pressure in 
the ventricle and aorta begins to drop rapidly 
during the latter part of ventricular systole. 
As a result of this and of regurgitation of 
blood into the ventricle, the diastolic pressure 
falls below normal. The wide oscillation in 
pressure in the aorta causes sufficient fluctua- 
tion in the flow of blood into the capillaries to 
produce a rhythmic variation in color of the 
nailbcd; this is designated the capillary pulse. 
Electrokymographic studies of the aortic pul- 
sations demonstrate a rapid diastolic decline 
in volume xvith diminution or absence of the 
normal post-incisural increase in volume- Bec- 
ords from the left ventricle show tliat systole 
is slightly prolonged, and that ventricular fill- 
ing begins at the onset of protodiastole in- 
stead of at the end of isometric relaxation 
(Heyer cf al., 1950). 

Tlie stream of blood regurgitating through 
the aortic valve sets up high-pitched vibra- 
tions which are heard best, with the dia- 
phragm-tj'pe of stethoscope, in the third left 
intercostal space. The sounds may be intensi- 
fied by directing the patient to lean well 
forward and to hold his breath after full ex- 
piration. When the murmur Is caused hj' a 
ruptured valve cusp, it ma)' J}a^•e a musIcaJ 
quality’, called “dove-coo;” when this murmur 
is recorded, it appears to be virtually a pure 
sinusoidal wave (Groom and Boone, 1953). 
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Possibly because of partial closure of the mitral 
valve by the regurgitating aortic stream and possi- 
bly also because of eddy currents resulting from 
enlargement of the left ventricle, a murmur is 
produced which mimics that of mitral stenosis. 
This “false” murmur is called the Austin Flint 
murmur. 

As a consequence of the increased initial ven- 
tricular volume and initial length of the myo- 
cardial fibers, the heart hypertrophies and com- 
pensates for the load. If the increase in this load 
is excessive, however, left ventricular function is 
depressed (Welch et ah, 1957) and heart failure 
may ensue. With excessive dilatation of the ven- 
tricle, the mitral ring may become dilated with 
resulting mitral insufficiency, this condition, to- 
gether with excessive rise in ventricular diastolic 
pressure, may lead in turn to elevation of pulmo- 
nary arterial pressure and ultimately to right ven- 
tricular dilatation and failure. 

The presence of a regurgitant stream may be 
detected and its magnitude estimated by inject- 
ing a suitable dye into the arterial stream at vari- 
ous levels of the aorta by means of a catheter 
passed up the aorta from the femoral artery. In 
normal persons the dye %vill be detected by a 
couvelle attached to the right ear, only if the 
tip of the catheter is at the level of the aortic 
arch. The presence and the magnitude of the 
regurgitation can be estimated from the distance 
doNvn the aorta at which an injection can still be 
detected by the ear couvette (Braunwald and 
Morrow, 1958). 

Unusual features associated wth aortic insuffi- 
ciency include sudden death, excessive sweat- 
ing, cerx’ical (carotid artery) pain, abdominal 
pain, angina pectoris, pounding sensations and 
splashing sounds (Harxey et ah, 1957). 

Aortic stenosis. Stenosis of the orifice of 
the aortic valve is frequently accompanied by 
aortic insufficiency. Tlie opening must be re- 
duced to from one-half to one-quarter of the 
normal to cause significant symptoms. The 
narrow opening increases the resistance to 
ejection by the ventricle. The blood thus re- 
tainetl within the ventricular cavity, combined 
w ith the normal inflow from the atrium, lends 
first to ventricular dilatation and then to a 
steeper rise of pressure during isometric con- 
traction and to development of sufficient pres- 
sure to eject the normal quantity of blood 
through the narrowed opening. The passage 
of the blood through the narrowed opening 


into the wider aorta gives rise to a thrill and 
to a loud systolic murmur which may be de- 
lected in the second right intercostal space 
and often extends into tlie neck. At times, 
however, the only physical sign may be a 
harsh systolic murmur at the apex (Bergeron 
et al., 1954). 

The entrance of blood into the aorta is less 
rapid than normal and the pulse has a corres- 
pondingly slow rise. The contour of the brachial 
pressure curv’e serves to confirm tlie presence of 
aortic stenosis, but is not diagnostic of this condi- 
tion (Hancock and Abelmann, 1957). 

Coronary circulation is impaired during systole 
with aortic stenosis, and during diastole with 
aortic insufficiency. Pulsus altemans and prema- 
ture systoles may be obserx’ed in these conditions. 
The electrocardiographic changes recorded witli 
aortic insufficiency and aortic stenosis are those 
associated with left ventricular hypertrophy. The 
uncalcified stenosed aortic valve is more suitable 
than the calcified valve for attempts at vaUiiIot- 
omy. If the valve is calcified, forcible dilatation 
does not result in much increase in the orifice and 
may produce valvular incompetence (McMillan, 
1955). (See Chapter X\TI, page 1032.) 

Mitral Valvular Disease. Mitral instiffi’ 
cienaj. Mitral insufficiency is almost always 
associated with some degree of stenosis. A 
functional or relative insufficiency' may, how- 
ever, result from dilatation of the mitral ring 
by left ventricular dilatation (Levine and 
Harvey, 1949). During ventricular systole, 
blood is regurgitated into tlie atrium. During 
ventricular diastole, this volume of regurgi- 
tated blood is added to the venous blood nor- 
mally returned, thus increasing the ventricular 
diastolic size and tension. The greater volume 
of blood in the atrium likewise leads to atrial 
dilatation and liypertrophy of mild degree. 
Atrial pressure rises slightly' but, if there is 
minimal associated mitral stenosis, the atrium 
is able to empty relatively rc.adily and the 
average pressure in the atrium is, therefore, 
only slightly above normal and the pulmonary 
capillary' pressure not appreciably elevated. 
Tlie flow' of blood from ventricle to atrium 
through the narrow’ orifice into the larger 
atrial syiace gives rise to a systolic murmur of 
medium pitch which is frequently’ transmitted 
xvell out into the axilla. Mitral insufficiency 
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may develop suddenly as a result of rupture 
of a papillary muscle which is involved by 
infarction. When this occurs, a harsh systolic 
murmur is heard, and there is often associated 
pain and profound shock (Smith, 1950). 

In experimental animals, mitral regurgitation 
with up to three times tlie resting cardiac output 
was tolerated with only slight alterations in efifec- 
tive cardiac output, or left atrial or ventricular 
pressure (Braunwald et al, 1957). In patients, 
however. Draper and associates (1951) found, as 
with mitral stenosis (see below), that cardiac out- 
put may not increase adequately with raetcise, 
the arteriovenous difference in oxygen concentra- 
tion was increased at rest and greatly increased 
with exercise. These effects were even more 
marked with mitral insufficiency than with mitral 
stenosis. However, the right ventricle was not 
significantly enlarged unless there was actual 
heart failure. 

Because of the importance of the presence of 
mitral regurgitation ns a contraindication to mitral 
commissurotomy, various procedures have been 
devised for its detection and measurement. Gor- 
lin and Dexter (1952) have attempted to cal- 
culate the effective cross-sectional area of the 
insufficient mitral valve from simultaneous meas- 
urements of pulmonary capillary and brachial 
arterial pressures and cardiac output. Gilman and 
associates (1958) have injected radiopaque ma- 
terial into the left ventricle during roentgenog- 
raphy, Absence of left atrial opacification is 
regarded as good evidence lor competence of the 
mitral valve, and vice versa. By means of contrast 
angiography, after direct injection of the opaque 
media into the left atria, it was observed that 
the atria were largest when mitral insufficiency 
was associated with atrial fibrillation and next 
largest in the presence of atrial fibrillation alone. 
There was a rough negative correlation between 
the size of the atrium and that of the orifice in 
mitral stenosis (Lukas et ah, 1958), 

Mitral Stenosis. The narrow opening inter- 
feres with tlie entrance of blood from !l»e 
atrium into the ventricle and gives rise to a 
low-pitched rumbling murmur. This murmur 
is heard during the period of rapid ventric- 
ular filling in mid-diastole and is accentuated 
in late diastole during atrial systole, when a 
second rush of blood from atrium to ventricle 
occurs. The murmur is heard best in the apical 
region xrith the patient lying on his left side 


and is accentuated by exercise or other factors 
which increase the cardiac output. In a group 
of patients who were surgically examined, 30 
per cent of those found to have pure mitral 
stenosis had a mitral systolic murmur in ad- 
dition to a diastolic murmur (Janton et al., 
1954). 

The first sound is accentuated in the pres- 
ence of mitral stenosis, giving rise to a snap- 
ping sound; this change in character may be 
noted even in the absence of audible mur- 
murs (Levine and Harvey, 1949, Nichols et 
al., 1955). The first sound may occasionally 
have a crescendo character resembling the 
presystolic murmur of mitral stenosis, yet 
phonocardiograms may show that the sounds 
all begin after the (J wave of the electrocar- 
diogram (Alimurung et al., 1949). Occasion- 
ally a third sound, called by some writers the 
“opening snap,” may be heard at the apex in 
patients xvith mitral stenosis, even in the ab- 
sence of murmurs. 

Because of the resistance to emptying, the 
atrium becomes distended and hypertrophied, 
and atrial pressure tends to remain elevated. 
This gives rise in turn to an elevation of pul- 
monary capillary and pulmonary arterial pres- 
sure and frequently to right ventricular dilata- 
tion and hypertrophy. The cardiac output 
lends to be below normal at rest and fails to 
rise normally with exercise. Tlie arteriovenous 
difference in o.xygen concentration is elevated 
at rest and increases abnormally with exercise 
(Draper et al., 1951; Gorlin et ah, 1951). 

The roentgenogram shows an increase in the 
shadow of the right ventricular infiindibultim and 
pulmonary trunk, and U’cII-markcd enlargement 
of the left atrial shadow which in the oblique 
position fills the clear space normally seen along 
the esophageal shadow. Tlie right ventricle is 
usually not enlarged except in tlie presence of 
heart failure (Draper et ah, 1951). Gorlin and 
Gorlin (1951) ha\e derived a formula by which 
they believe they can calculate the effective tross- 
scctional area of the normal or sfenofic vaht* from 
measurements of pulmonary “capillary” pressure 
and cardiac output. 

Correction of the slenosecl mitral valve by 
vxirious surgical procedures, (see Chapter XVII, 
page 1027) has become commonplace. Favorable 
operative results arc usually associatctl with (a) 
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marked improvement in ability to increase the 
cardiac output, and a lesser increase in ventilation 
during exercise (Wade et al., 1954); (b) greater 
capacity to perform moderate work (Landen and 
Bayer, 1954); (c) lowering of mean pressure in 
the pulmonary artery (Wood et al., 1936), (d) 
cessation of formation of emboli, and (e) stabdi- 
zation of, or decrease in, the size of the cardiac 
silhouette, whereas the hearts had been enlarging 
prior to surgery (Janton ct al., 1956). However, 
there is not as good correlation between the fall 
in pressure in the pulmonary trunk postopera- 
tively and the seventy of structural abnormalities 
in the lung (Goodale et al., 1955). 

Measurement of the pressures in the left atnum 
and left ventricle during operation indicate an 
insignificantly small gradient in ventricular filling 
pressure in the presence of a normal mitral valve. 
This pressure gradient becomes elevated in pro- 
portion to the degree of stenosis ( Moscovitz et al , 
1935). 

Of the first 50 patients in one series who un- 
derwent mitral commissurotomy, 41 w-ere still 
living 4Vfe to 7 years following the operation. Fotir 
of the living patients no longer had any murmurs. 
11 had lost their onginal mitr.il diastolic mur- 
murs, and 14 had a mitral systolic murmur which 
was not present preoperatively. The authors 
thought that 71 per cent of the living patients 
and 88 per cent of those in the senes w-ere im- 
proved The greatest improvement was obtained 
m patients with “pure” mitral stenosis (Janton 
et al, 1956). 

Pabenls m group IV (Criteria Committee, 
1953, see also page 242 with evidence of left 
heart enlargement prior to operation, have the 
highest mortality rate and the least evidence of 
benefit (Julian ef cl, 1954). Patients with pliable 
valves have the smallest number of failures (6.6 
per cent), whereas 43.3 per cent of those with 
scarred, immobile, often calcified valves either 
die subsequent to the operation or are not greatly 
improved (EUia ef al., 1954; Janton et al., 1956). 
The rheumatic fever may be reactivated postop- 
eratively in up to 24 per cent of patients whose 
lesion is on a rheumatic basis (Soloff ct al^ 1953, 
Janton et al., 1956). Approximately 30 per cent 
of patients with a previously normal rhythm de- 
velop atrial fibrillation postoperatively. In three- 
fourths of the patients the rhythm may revert to 
normal. No association is observed in the results 
of atnal biopsy and the onset of fibrillation; the 
latter is thought to result from atrial edema sec- 
ondary to operative trauma (Dimond et al., 
1953). The presence of a significant degree of 


mitral insufficiency is a contraindication to sur- 
gery' of mitral stenosis. Evidence of left ventricular 
enlargement, and a loud (grade 4) systolic mur- 
mur, marked left atrial enlargement with systolic 
expansion, and syTnptoms of fatigability rather 
than dy'spnea suggest that the mitral insufficiency 
is sufficiently advanced to render exploratory car- 
diotomy inadvisable (Janton ct al., 1954). The 
contours of the pressure curves recorded from a 
catheter wedged in a small pulmonary artery 
(pulmonary "capillary” pressure) do not provide 
consistent evidence concerning the presence of 
mitral insufficiency (Coellio et al., 1955; Over- 
beck et al., 1935). 

Atrial fibrillation frequently accompanies 
mitral stenosis, in wbicli case tlie presystolic 
murmur (caused by atrial systole) is absent. 
Tlie pulmonic second sound is frequently ac- 
centuated. Tlie late complications in this con- 
dition are pulmonar)' congestion, right ven- 
tricular failure, and systemic arterial embo- 
lism from detachment of mural thrombi. 
Thrombi are more likely to form in the left 
atrium in tlie presence of mitral stenosis or 
atrial fibrillation, and arc less likely to form 
in the presence of mitral insufficiency (Storer 
cl al., 1954). 

Transbronchial registraUon of left atrial pres- 
sure is reported to be useful in evaluation of mitral 
valv'ular disease. The slope of the descent of the 
atnal pressure associated w'ith rapid ventricular 
filling, divided by the amplitude of the atrial 
pressure pust before the descent, was least in the 
presence of mitral stenosis and greatest in the 
presence of mitral insufficiency (Morrow et al., 
1937). Mitral disease (insufficiency or stenosis) 
has also been evaluated by means of curves show- 
ing concentration of radiopotassium, obtained by 
a catheter inserted into the femoral artery (Conn 
et al.. 1957). 

The ventilator}' response to exercise in the 
presence of mitral stenosis has been expressed in 
terms of the follovv'ing formula: 

Oxygen removal ratio = 

ml. of oxygen extrac ted per min. 

L. of air breathed per min 
In normal persons, exercise (peddling with feet 
while lying prone) increased the ratio by 20 per 
cent from a control of 40.4 to 47.8. The response 
was similar in patients with mild degrees of 
mitral stenosis; but in the presence of severe 
stenosis, the ratio remained unch.inged or fell 
vvidi exercise. Since the changes could not be 
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correlated wtb cardiac output, it was condiided 
that they represented an altered ventilatory pat- 
tern (Ebnother et al., 1957). 

Pulmonary Valvular Disease. Pulmonary 
insufficiency. Pulmonary valvular insxifficiency 
is almost always functional (resulting from 
dilatation of the pulmonary valve), being sec- 
ondary to pulmonary arterial hypertension 
from any cause, although it may occur as a 
terminal event in subacute bacterial endo- 
carditis. The regurgitation produces a blow- 
ing, early diastolic murmur heard along the 
left sternal margin, and leads to dilatation 
and hypertrophy of the right ventricle. Fhto- 
rosoopic examination reveals active pulsation 
of the pulmonary trunk and right ventricle. 
Pulmonary stenosis. The stream of blood 
leaving the right ventricle sets up vigorous 
eddy currents as it passes through the ste- 
notic orifice into the pulmonary trunk, giving 
rise to a harsh systolic murmur and a thrill 
in the second left intercostal space. A func- 
tional pulmonic systolic murmur is often 
heard in children and young persons; it is 
commonly heard when vascular resistance is 
low and cardiac output is high. Under such 
circumstances, the arterial pressure curve 
shows a steep ascent, a short plateau, and an 
incisura low on the descending limb (SpUz- 
barth, 1955). 

The increased resistance to right ventricular 
ejection leads to incomplete emptying ivitb 
resulting dilatation and hypertrophy of the 
right ventricle and, if severe, also of the right 
atrium. Fluoroscopic examination reveals the 
enlarged chambers and decreased pulsation 
of the pulmonary vessels. The patient usually 
suffers from stagnant anoxia owing to the slmv 
rate of circulation of blood and this may lead 
to c^’anosis. Dyspnea is common. Catheter- 
ization of the pulmonary trunk and right ven- 
tricle with registration of the pressure reveals 
a greater pressure in the ventricle than in the 
pulmonary trunk during systole (Cournand 
et al., 1949, Dow ct ah, 1950, Dirnond and 
Lin, 1954). Right atrial pressure tracings re- 
veal a giant a wave whicli represents a char- 
acteristic response of the right atrium in the 
presence of severe right ventriailar hj^icr- 
trophy (McCord ft ol , 1953). 


Criteria for the performance of pulmonary val- 
vulotomy include: (a) clinical symptoms sugges- 
tive of right heart failure, such as episodes of syn- 
cope, systolic jugular pulse, and systolic pulsa- 
tion of the liver, (b) decreasing saturation of sys- 
temic arterial oxygen; (c) electrocardiographic 
evidence of widening of QRS and increasing am- 
plitude and width of the P waves, and (d) a 
minimum initial right ventncular pressure of 70 
mm water. 

Surgery seems adequate for valvular stenosis 
but is far from ideal for infundibular stenosis. 
(See Chapter XVTI. page 1023.) Recordings of 
pressure before and after the attack on the valve 
are thought to us an important adjunct to the 
operative technique (Dirnond and Lin, 1954): 
others report remarlwably slight changes m right 
ventricular and pulmonary arterial pressures, in 
p»lmonar>' flow and in pulmonary valvular area, 
measured at rest, despite uniform clinical im- 
provement (Lurie and Shumacker, 1953, Fowler 
et ah, 1956). Direct opproach to the pulmonic 
valve by way of the pulmonary trunk gives more 
physiologic improvement than does the approach 
through the w.il! of the right ventricle (Blount 
et al, 1954). 

Tricuspid Valvular Disease. Tricuspid in- 
sufficicnetj. Functional insufficiency may be 
seen with right ventricular dilatation in heart 
failure. Tricuspid insufficiency increases the 
work load on the right atrium and ventricle. 
The regurgitant stream gives rise to a systolic 
murmur heard best over the lower end of the 
sternum. Tins murmur is accompanied by an 
exaggerated, prolonged, positive systolic wave 
in the jugular pulse and in records of pressure 
obtained during right atrial catheterization, 
instead of the normal negative wave (Messer 
et ah, 1950); by a pulsation in the superior 
vena cava which can be seen during fluoro- 
scopic examination; and by pulsation of the 
liver. All of these closely follow the first heart 
sound. 

In acute experimental tricuspid insiifficicnoy in 
dogs, atria! pressure is elevated only during the 
flow of the regurgitant stream in l.ife sj'stole anti 
early diastole. In view of this occurrence, the 
increased average venous pressure in patients is 
apparently caused by some other factor, such ns 
increased blood volume (Little, 1918). 

Tricuspid stenosis. Tricuspid stenosis in- 
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duces low-pilched murmurs in mid-diastole 
and during atrial sj'stole which are most read- 
ily heard over the lower end of the sternum. 
If tricuspid stenosis is present alone, no evi- 
dence of either left or right ventricular hj^per- 
trophy or of pulmonary hypertension will be 
found although the patient is markedly dis- 
abled; but the right atrium \rill be dilated and 
hv'pertrophied and the systemic venous and 
right atrial pressures will he elevated. Asso- 
ciated with the latter, there may be a strong 
atrial (a wave) pulsation in the jugular and 
atrial pulses, a presyslole pulsation in the liver 
and a prominent P wave in the electrocardio- 
gram (Yu ct al., 1956). 

Bcmhcim’s SjTidrome. In this condition, 
the left ventricle is markedly dilated and 
hypertrophied and the ventricular septum 
bulges into the right ventricular cavit>', inter- 
fering with the flow of blo<id into the right 
ventricle. Tliis leads to marked h>'perlrophy 
and dilatation of the right atrium. Systemic 
engorgement occurs early; pulmonary conges- 
tion is noted only terminally (Russek and 
Zohman, 1950). Evans and W'hite (1948), 
however, doubt that the abo\’e phenomena 
represents a true syndrome. 

Congenital Defects 

Congenital defects are discussed in detail in 
Chapter VT. Taussig ( 1947) has classified con- 
genital defects into hvo groups: (a) those 
which deprive tlie body of an adequate 
amount of oxygenated blood and (b) those 
which permit the body to receive an oxygen 
supply sufficient for the growth of the indi- 
vidual. Tlie former are usually associated Avith 
varying degrees of cy'anosis 

Mechanisms Producing Cyanosis. Average 
quantity of reduced hemoglobin in capillary blood 
necessary to cause cyanosis. According to Lunds- 
gaard and Van Slyke (1923), visible cyanosis, i.e, 
a purple or plum-colored discoloration of the 
skin, is seen whenever the cutaneous capillary 
blood contains an average of 5 grams of reduced 
hemoglobin per 100 ml. of blood. Assuming that 
1 gram of hemoglobin transports 1.33 ml. of ox>'- 
gen, the concentration of reduced hemoglobin 
can be expressed in tenns of equivalent millilileis 
of reduced hemoglobin per 100 ml. of blood. Ac- 


cordingly, cyanosis would be seen whenever this 
blood contains 5 X 1.33 = 6.7 equivalent volumes 
of reduced hemoglobin per 100 ml. of blood. 

iVarmal average capillary concentration of re- 
duced hemoglobin. In normal persons with 15 
grams of hemoglobin per 100 ml. of blood, the 
concentration of fully saturated blood is 20 ml. of 
oxygen per 100 ml. of blood. The arterial blood 
wall be 94 to 97 per cent saturated normally and 
will contain, therefore, about 19 ml. of oxygen 
per 100 ml, of blood. During its passage through 
the capillaries, the blood will give up approvi- 
malely 5 ml. of oxygen per 100 ml. of blood and 
the venous blood will, therefore, have approxi- 
mately 6 equivalent ml. of reduced hemoglobin 
(1 -h 5 = 6 ml. per 100 ml. of blood), and 14 
ml. of oxygen carriexl by the oxygenated hemo- 
globin. The average capillary concentration will be 

^ = 3.5 equivalent ml. per 100 ml. blood, 

f.c, well under the amount necessary to cause 
cyanosis. 

Effect of quantity of blood in the capillaries on 
jyroduction of cyanosis. By constricting the effer- 
ent veins or dilating the cutaneous capillaries and 
venous ple.xus, it is possible to increase the quan- 
tity' of blood in the skin, even though the rate 
of blood flow, the oxygen utiliution, and the 
average concentration of reduced hemoglobin in 
the capillary blood be unchanged. Under these 
circumstances, if the quantity of blood in the skin 
IS doubled, the amount of reduced hemoglobin 
per unit area of skin will be doubled and cyano- 
sis waff resuif. 

Effect of increased cutaneous oxygen consunip- 
tion on oxygen utilization and on average capil- 
lary concentration of reduced hemoglobin. Oxy- 
gen utilization means the amount of oxygen re- 
moved from each 100 ml. of blood flowing 
through the tissues. 1/ the rate of uptake of oxy- 
gen by the tissues is augmented without a rise 
in the blood flow, there will he a proportional 
increase in the oxygen utilization and in the a\ er- 
age amount of reduced hemoglobin in the cutane- 
ous capillaries. If the oxygen utilization is aug- 
mented to 12 ml. per 100 ml. of blood flow, or 
to 2.4 times the normal, the average capillary 

blood will contain = 7 equivalent ml. of 

reduced hemoglobin or enough to produce cya- 
nosis that is just detectable. 

Effect of cutaneous blood ffow on oxygen utili- 
zation and average capillary concentration of re- 
duced hemoglobin, ^^3th no change in cither the 
rate of oxygen consumption by the tissues or the 
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quantity of blood in the cutaneous capillaries at 
any instant, a reduction in the rate of blood flow 
in the skin will also increase the oxygen utiliza- 
tion, J.e., tlie amount of oxygen removed per 100 
ml. of blood flow. The cutaneous blood flow would 

have to be reduced to — t).42 of the nor- 
mal rate in order to increase the o.xygen utili- 
zation to the level of 12 ml. per 100 ml. necessary 
. / 1 -1-13 „ \ 

to cause cyanosis y — 2 — ~ ' J* 

Effect of admixture of venous blood with or- 
terial blood in the aorta. If for any reason a 
mixture of arterial and v'enous blood entere the 
aorta, the concentration of reduced hemoglobin 
in the blood circulating in the arteries will be 
increased. If the concentration of hemoglobin, 
the rate of flow, and the oxygen consumption of 
the tissues are all unchanged, the quantity of 
reduced hemoglobin in the veins and the aver- 
age concentration in the cutaneous capillaries 
ivtil both be increased by such admixture of ve- 
nous blood. The minimum amount of reduced 
hemoglobin which must be present in this mix- 
ture of blood when cyanosis is detectable can be 
computed as follows. Let X equal the level of 
reduced hemoglobin in the aortic blood necessary 
to cause such cyanosis. If we assume an oxygen 
utilization of 5 ml./lOO ml., then cyanosis will 
be produced by an ai’erage capillar)' concentra- 
tion of reduced hemoglobin of 7 equivalent ml. 

per 100 ml. of blood: = 7 and 

X =s 7 — 2.5 =s 4.5 eqaivaJent mh of reduced 
hemoglobin per 100 ml. in the arterial blood. The 
venous blood Avill then hai’e 4.5 -bS = 9.5 equiv- 
alent ml. of reduced hemoglobin per 100 ml. 
The minimum amount of such venous blood that 
would have to be mixed wth oxygenated blood 
containing 1 equivalent ml. of reduced hemoglo- 
bin per 100 ml. to produce cyanosis can then be 
calculated as follows; 

Let Y equal the fraction of venous blood that 
is to pass directly from the right atrium or ven- 
tricle to the aorta. I — Y will equal the fraction 
that will flow through the lungs. Then 
Yx9.5-f (I- Y) X 1 = 4.5 
Y = 0.41 

Thus, if 0.41 of this venous blood passes directly 
into the systemic arterial cimiit and 0.59 goes 
through the lungs, cwinosis will be just detect- 
able. Tlie blood in the .arteries would Ire 
X 100 = 78 per cent s.ilur.itcd witli oxrgen. 

Effect of poli/cytiicniJa. Cyanosis fr«juently 


accompanies polycythemia, especially when the 
oxygen capacity of the blood is more than 23.5 
ml. per 100 ml. Increasing the level of hemoglo- 
bin in the blood usually results in the blood being 
less completely oxygenated during its passage 
through the lungs. If we assume that, as usual, 
only 19 ml. of oxygen are taken up by each 100 
ml. of blood flowing through the lungs, the 
minimum concentration of hemoglobin that would 
be necessary to cause c>’anosis would be 17.7 Gm. 
per 100 ml. of blood. This would give the blood 
an oxygen capacity of 23.5 ml. per 100 ml. and 
the arterial blood w’ould contain reduced hemo- 
globin in the amount of 23.5 — 19 = 4.5 equiv- 
alent ml./100 ml. As in the case of admixture 
of venous blood, this would give an av'erage 
capillary concentration of reduced hemoglobin of 

^ ■ =70 equivalent mk/IOO ml., just 

sufficient to cause cyanosis. Under such assumed 
conditions, the arterial blood would be 
X 100 = 81 per cent saturated with oxygen. In 
actual conditions, the arterial blood would prob- 
ably take up more than 10 ml. of oxygen per 100 
ml. of bIo(^, but at the same time the blood 
volume and the quantity of blood in the cuta- 
neous capillaries is increased in polycythemia, 
thus m.aking the degree of arterial unsaturation 
more apparent. 

Effect of anernia. Cyanosis is rarely seen Jn 
anemia and practically never when the oxygen 
capacity of the blood is less than 3 ml. per 100 
ml. If the hemoglobin concentration were re- 
duced fust to 9.8 Gm./lOO ml. of blood (oxygen 
capacity = 13 ml./lOO ml.) and if the blood flow’ 
were slow enough so that all the oxygen was re- 
moved from the blood during its passage through 
the cutaneous capillaries, and if the arterial blood 
maintamed the normal equivalent ml. of 

reduced hemoglobin, then the average capillarj' 

1 ~h 13 

level of reduced hemoglobin would be — ^ — 

5= 7 equu’alenl ml., i.c., just sufficient to cause 
cyanosis. Cjanosis would be unlikely at this de- 
gree and almost impossible w ith anemias of more 
severe degree, since in anemia it is unlikely that 
there w'ould be as much as 1 equivalent ml. of 
reduced hemoglobin per 100 ml. of arlcri.il blood 
and since the oxygen utilization would never be 
100 per cent. Cyanosis also would he unlikely 
because the blood volume and the concentration 
of tlie blood in the cutaneous c.ipilJaries is less 
than normal in anemia. 

Phmor}icnn assncialcd with cr//innsif. \\’hcn- 
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ever cyanosis is present for any length of 
time, clubbing of the fingers and toes is usu- 
ally seen. Absence of clubbing usually means 
that the cyanosis is of recent origin. The club- 
bing represents an overproduction of capil- 
laries, dilatation and thickening of the blood 
vessel walls, an increase in connective tissue 
and, when marked, thickening of the peri- 
osteum. The cause of its production is un- 


certain since it may occur with some diseases 
of the gastrointestinal system in the absence 
of anoxia (Wiggers, 1949, p. 486). Clubbing 
is rarely seen in association with congenital 
heart disease, except when cyanosis is present. 
Cyanosis caused by congenital heart disease 
is usually associated uith a shortened arm-to- 
tongue circulation time owing to the presence 
of a right-to-left shunt. 


3. DISTURBANCES OF CORONARY CIRCULATION 


Relative Insufficiency. Angina Pectoris 

Tlie term relative coronary instrfficicncy 
may be applied to any condition in which the 
coronary blood fiow is not interrupted but is 
reduced below the immediate demands of 
any area of the myocardium. Such insuffi- 
ciency is usual!)' present for only a few sec- 
onds to minutes and ordinarily the associated 
disturbances are rapidly reversible upon relief 
of the state of insufficiency. 

Hecht (1949) suggested the terms myocardial 
ischemia without tissue destruction for angina and 
myocardial ischemia with tissue destruction for 
coronary occlusion. However, tissue destruction 
can result from relative myocardial ischemia with- 
out occlusion, w’hile coronar)- occlusion may not 
result in tissue destruction if there is adequate 
existing collateral circulation or if the patient dies 
soon after the onset of the attach (Wang et oh, 
1948). 


FACTORS LEADING TO COROXAHY 
rNSUFFICIC-XCY 

Narrowing of Coronary Arteries. As de- 
scribed in Chapter VTIf, the most common 
cause of narrowing of tlie coronary vessels is 
atherosclerosis. The reduction of fiow varies 
with the degree of narrnw’ing and with the 
length of the narrowed segment. 

Ucsistance to flow. With a given arterLil pres- 
sure, the rate of flow is dependent upon the sum 
of the resistances to flow in the arteries, arterioles, 
capillaries and veins, which, in electrical termi- 
nolog)’, are arranged in series. Resistance can he 
expressed simply ns the drop in pressure along 
the segment, divided by the rate of flow', i e., in 
mm. Jfg/ml./min. A convenient unit for resist- 
ance is the peripheral resistance unit (PRU) = 
mm. Hg/1 ml./min. (Green, 1950); it has the 


same significance as the ohm in electrical termi- 
nology. 

Effect of narrowing of a coronary artery when 
the coronary arterioles are constricted, i.e., when 
cardiac work is minimal, ^^^ith the subject resting 
and the cardiac work at a basal lev’el, the coro- 
nary arterioles are constricted and the resistance 
to flow through them is high. 

For example, m the case of an arter)’ which 
suppbes blood to 100 Gm. of myocardium, the 
resistance to flow through the associated arterioles, 
capillaries and veins may be of the order of 

' >“ 
in the arteiy itself will be v’ery low, of the order of 

ance (aorta to coronary sinus) will be 0.010 + 
1.24 = 1.253 PRU. With an aortic pressure of 
100 mm. Hg (coronary sinus pressure assumed 

to be zero), the normaf fiow wouftT be 


= 80 m!./min. Flow- = qj,ite 

resistance 

comparable to the equation used in electricity: 
amperes (rate of flow of current) = 
volts ( electrica l pressure) 
ohms (resistance) 

If under resting conditions, the coronary arteiy 
w'ere narrowed sufficiently to increase its resist- 
ance to flow 45-foId, i.c., to 0.6 PRU, the total 
resistance would be elevated only to 0.6 -f 1.21 
= 1.84 PRU. Witli the same aortic pressure used 

alxjve, f.c., 100 mm. Hg, the flow would be-pg^ 


= 54 ml./min. or 68 per cent of the normal. 
Resistance in a tube varies inversely as the fourtli 
power of the radius. In order to increase the 
resistance 45-foId, the radius would Jiave to be 
PRU. _ Rj J. 

■ R'. ’ 45"° V 


change PRth “ 


r ;X = 0.3S6 


where PRU = resistance, R = radius, and X — 
radius required to produce a 4S-foId increase in 
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resistance if the original radius were assumed to 
be I. Thus, a 45-foId increase in resistance can 
be produced by a decrease in radius to approxi- 
mately one-third its previous value. 

E^ecf of narrowing of a coronary artery tohen 
the coronary arterioles are dilated, t.e., when car- 
diac work is maximal. During exercise the cardiac 
work is increased and the coronary arterioles di- 
late. If, in the above example, the maximum dila- 
tation of the arterioles is such that the resistance 
to flow through the arterioles, capillaries and 
veins is reduced 4-fold,* i.e., to 0.31, then, in the 
normal heart the total resistance would be 0.013 
-I- 0.31 = PRU. At an aortic pressure of 100 mm. 

Hg, the coronary flow would be — 310 

ml./min. Narrowing the artery to the same ex- 
tent as indicated above would cause the total 
resistance to be 0.06 -f- 0.31 “ 0.91 PRU and 

the flow would be =110 ml./ min. This 

equals X 100 = 35 per cent of the expected 
flow, as compared to 68 per cent with the arteri- 
oles constricted. Thus, we see that narrowing of 
& large artery influences floiv in inverse propor- 
tion to the degree of arteriolar constriction. 

Compensatory arteriolar dilatation in response 
to narrowing of a coronary artery. We may look 
at the effect of constriction of a coronary artery 
in another way. Let us assume that in a subject 
at rest, the main coronary artery is narrowed suffi- 
ciently to reduce the flow to 68 per cent of nor- 
mal (example 2 mentioned above). Compensa- 
tory dilatation of the arterioles will now occur, 
tending to restore the total resistance and, there- 
fore, the floiv towards normal. This dilatation, 
however, correspondingly diminishes the amount 
of dilatation which may occur during subsequent 
periods of increased cardiac work. 

Aortic Pressure. Conditions such as aortic 
insufficiency, arteriovenous fistula, patent duc- 
tus arteriosus, communication of the sinus of 
Valsalva with the right ventricle, and exces- 
sive peripheral vasodilatation, all tend to pro- 
duce marked lowering of the aortic pressure 
during diastole. Since most of the coronar)' 
flow' occurs in diastole, this may lead to a 
serious reduction in diastolic coronary' flo^v. 
Tlie reduction in diastolic flow may be com- 
pensated by arteriolar dilatation which in- 

• This is approximately the order of m.ifinitudc 
xvhich XX c haxe ohserxcxl. 


creases to some extent the proportion of the 
total flow that occurs during systole. How- 
ever, as noted in the paragraph above, this 
reduces the total amount of potential dilata- 
tion that may be made available during pe- 
riods of increased cardiac xvork. The above 
disturbances also increase tlie ^vork load on 
the heart by increasing the cardiac output and 
thus contribute in a secondary' manner to the 
production of relative coronary insufficiency. 

Hypotension. Decreased mean arterial pres- 
sure and, as a consequence, lowered diastolic 
pressure also results from any condition which 
lowers cardiac output. Included among such 
conditions are (1) hemorrhage, shock, exces- 
sive doses of the ganglionic blocking-drugs in 
hypertensive patients (Judson ef al., 1956), 
spinal anesthesia, and hyperthermia, all of 
which may lead to an inadequate volume of 
blood available to the heart in the central 
venous reservoir; (2) cardiac tamponade; and 
(3) acute heart failure from myocardial in- 
farction. While the work of the heart is re- 
duced in all these conditions, the head of 
pressure in the aorta may be reduced so much 
that the coronary flow is not adequate to 
supply the basal metabolic requirements plus 
that of the u'ork being performed, and rela- 
tive coronary insufficiency may develop. 

Hypertension. Hypertension augments the 
work load on the heart but, fortunately, 
the elevated aortic pressure also increases the 
coronary flow directly, thus helping compen- 
sate for tlie increased need for coronary' flow. 
In some hypertensive persons having an 
atherosclerotic aorta, however, the rigid aortic 
wall causes excessive elevation of systolic 
pressure without much elevation of diastolic 
pressure. In these persons the heart must de- 
velop a high pressure to complete ejection; 
nevertheless, during the major part of the 
cycle wiien most of the coronary' flow occurs, 
I.C., during diastole, the aortic pressure is not 
proxKJrtionately increased. Indirectly', Iiyper- 
tension leads to insufficiency' by increasing sig- 
nificantly tlie tendency’ to develop atheroscle- 
rotic narrowing of the coronary artery’. 

Aortic Valvular Stenosis. As a consequence 
of stenosis of the aortic valve, the work load 
of the ventricle is increased in order to create 
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the higher intraventricular pressure necessary' 
to eject the blood through the narrowed aortic 
orifice. In this case, unlilce hyTiertension, the 
aortic pressure is not elevated and conse- 
quently coronary flow is not proportionately 
increased. The need for increased coronary' 
flow at rest can be met by' arteriolar dilatation, 
but here again such dilatation limits the sub- 
sequent arteriolar dflatation that can occur 
with exercise. 

Increased Work Demands, Elevated Heart 
Rate. Any factor which augments cardiac out- 
put increases the need for coronary' blood 
flow. Such effect may' occur in association 
with lowering of aortic pressure when drugs 
such as hydralazine are used in hypertensive 
patients (Judson et al., 1956). An excessive 
heart rate also increases the need for coronary 
flow out of proportion to any associated in- 
crease in cardiac output. Of particular impor- 
tance from the clinical point of view are exer- 
cise, eating of meals, chilling of the body and 
excitement. Extremely strenuous e.xercise, 
even in a normal person, can produce a de- 
mand greater tlian the coronary vessels can 
supply. In persons in whom coronary arterio- 
lar dilatation is present at rest, this discrep- 
ancy’ between cardiac work and coronary 
blood supply occurs at much lower levels of 
cardiac work. Increased heart rate also short- 
ens the time for diastole, relative to the cycle 
and, thereby, contributes to production of 
relative coronary insufficiency’. 

Myocardial Hypertrophy. Myocardial hy- 
pertrophy, in response to increased cardiac 
work, results in enlargement of the myocar- 
dial fibers. The number of capillaries is not 
increased, however, and as a consequence, the 
effective distance from the center of the myo- 
cardial fibers to the capillaries is increased, 
and the effectix’c supply of oxygen and other 
nutrients per cubic millimeter of muscle fiber 
is reduced. With hy’pertrophy of significant 
magnitude, relative coronary' insufficiency re- 
sults, and this is one of the factors which 
limits effective hypertrophy. 

Active Constriction of the Arterioles. It is 
well known that in the Raynaud phenomenon, 
excessive sympathetic vasomotor ncrx'c dis- 
charges may cause the arterioles of the ex- 


tremities to become unduly’ constricted, pro- 
ducing symptoms of inadequate circulation 
in the feet or bands. It has been proposed 
that a similar phenomenon may occur in the 
heart, le., that pain impulses from the ab- 
dominal or thoracic viscera might reflexly in- 
duce a discharge of vasoconstrictor impulses 
to the coronary arterioles. Such activity 
might result in relative coronary insufficiency, 
especially' in the presence of narrowing of the 
arteries. However, clear-cut evidence of the 
existence of such reflexes is lacking; and no 
evidence has been obtained of tlie presence 
of nerve fibers which are vasoconstrictor to 
the coronary arterioles. 

Hypoxia (Anoxia). Even with a normal rate 
of flow, relative myocardial insufficiency’ may 
be caused by an anemic, an anoxic, or a cyto- 
toxic (sodium cyanide) type of hypo.xia. Since 
myocardial insufliciency is scarcely, if at all, 
induced by hypercapnia, the immediate par- 
ticipating factor is probably an inadequate 
oxy’gen supply per se, or the metabolic prod- 
ucts resulting from such hypoxia. 

rHENOME.VA ASSOCIATED WITH COHO.VAnV 
INSUFFICIEXCY 

Angina Pectoris. Tile pain of angina pec- 
toris is usually felt under the sternum, but 
occasionally’ radiates to the neck or either 
shoulder or arm and occasionally to the epi- 
gastrium; it follow’s promptly the develop- 
ment of relative coronary' insufficiency* and 
disappears equally’ promptly upon relief of 
insufficiency'. It rarely lasts more than a few 
minutes. The pain is analogous to the cramp- 
ing pain which is felt in skeletal muscle when 
it is exercised during occlusion of the circu- 
lation to the muscle (Lewis, 1932). Tissue ac- 
tmly appears to be more important than is- 
chemia per se in the production of pain. 

Afferent pathways for the pain impulses. 
Tlie i»ain impulses are transmiltetl by way of 
the cardiac nerx'cs and the sy’mpathctic gan- 
glia and enter the central ncrx-oiis system hy 
way of the lower ccn’ical and the upper tho- 
racic roots. Various theories have been pro- 
posed to explain the sites of radiation of the 
coronary' pain; none of them is satisfactory. 
Radiation almost always extends to areas sup- 
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plied by somatic fibers which enter the spinal 
cord at the same level as do the afferent pain 
fibers from the Ijeart. 

Myocardial Contractility. Loss of systolic 
shortening in the ischemic area. A relative 
ischemia, such as can be produced experi- 
mentally by rhythmic occlusion and release 
of a coronary artery at half-second intervals 
or by coronary arteriolar constriction induced 
by an intracoronary injection of Pitressin, will 
cause a sequence of changes of contractility 
similar to those caused bj' complete occlusion. 

Pulstis altemans. In the presence of rela- 
tive coronary insufficiency, the refractory pe- 
riod of the affected muscle fibers is longer 
than normal so that these muscle fibers may 
contract only every other heartbeat. During 
the intervening beats, these muscle fibers are 
stretched. The resulting rhythmic alternation 
in the strength of the heartbeat and of the 
arterial pulse is called pulsus altemans (see 
Figure V-12). 

Circulation in General. Practically no data 
are available regarding cardiac output during 
attacks of angina pectoris. Circulation time 
and venous pressure are unchanged. About 
50 per cent of patients experiencing angina 
are hypertensives (Allschule, 1949). 

Electrocardiographic Changes during Rela- 
tive Coronary Insufficiency. The electrocar- 
diogram shows nothing between attacks that 
is characteristic, although, of course, if a pa- 
tient has hypertrophy or has had a previous 
coronary occlusion, changes characteristic of 
these lesions will be noted. However, during 
an attack of angina, electrocardiographic 
changes occur which are essentially the same 
as those seen during the early stages of coro- 
nary occlusion. 

Tests for Latent Coronary Insufficiency. 
The two tests most frequently used in pa- 
tients suspected of having anginal attacks are 
the exercise (step) test and the h>’poxia (an- 
oxia) test. Tliese are designed to bring on a 
mild relativ'c coronary insufficiency. In the 
two-step exercise-test, the patient is required 
to make a standard number of ascents, de- 
pending on his weight, age and sex. Electro- 
cardiograms are taken immetliatel)' follmving 
the exercise (Master, 1950), If the RS-T seg- 


ment is depressed more than 0.5 mm. below 
die base line, just before the beginning of the 
QRS t»mp]e.x in any lead, the test is regarded 
as positive (Russek, 1957). 

In the hypoxia test, the patient breathes a 
mixture of 10 per cent oxygen and 90 per 
cent nitrogen for 20 minutes and electrocar- 
diograms are taken at 5-minute intervals. If 
pain develops, the test is stopped immedi- 
ately and 100 per cent oxygen is given. After 
the period of hypoxia, the patient breathes 
100 per cent o.vygen for 5 minutes and an- 
other tracing is then taken. Injection of epi- 
nephrine to increase cardiac work has also 
been employed to induce relative coronary 
insufficiency. 

The “meal test” has also been advocated re- 
cently as a convenient method for testing patients 
suspected of having coronary insufficiency (Ber- 
man et ai, 1950). In this test, control electro- 
cardiograms are taken, the patient is fed either a 
1200-calon'e or an 880-calorie meal, and 20 to 
30 minutes Later, a second electrocardiogram is 
taken. Abnormal changes in the T \vnves, exag- 
gerated or inadequate incre.ise in heart rate, 
depression of RS-T segment of 0.05 to 1.0 mm , 
premature ventricular contractions, and inability 
to increase the cardiac output adequately were 
noticed in cardiac patients, particularly in those 
having angina of effort. Often several of these 
changes were found in the same patient, while 
normal controls rarely showed any of these 
changes and almost never were more than one 
of them seen in the same person. 

Belief and Prevention of Attacks by Re- 
ducing Work of Heart. Attacks of angina pec- 
toris are usually relieved by decreasing tlie 
hearts work, as by cessation of evertion, 
avoidance of large meals, and changing from 
the horizontal to the vertical position. The 
nitrates which both relieve and prevent at- 
tacks are excellent dilators of the cxironarj’ 
arterioles; however, they may he effective be- 
cause they also tend to cause a peripheral 
pooling of blood and a decrease in cardiac 
output. Gradual development of a c-ollateral 
blood supply to a portion of the myociirdium 
that is irrigated bj’ a narrow coronary artciy 
may lead to lessening the intensity, and oven 
to disappearance, of anginal attacks. 

Atherosclerosis. Angina pectoris and enro- 
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nary occlusion are usually associated with the 
occurrence of atherosclerosis. Prolonged hy- 
pertension significantly increases the fre- 
quency and severit)’ of atherosclerosis of the 
coronary arteries. Atherosclerosis is intensi- 
fied by the development of diabetes mellitus, 
and in women, is associated \Wth the meno- 
pause (Goldstein ct ah, 1956). No correlation 
has been noted between emotional stress and 
the development of coronary arter>* disease 
(Sprague, 1958). 

Cause of Death. Death in patients with an- 
gina often results from noncardiac causes and 
occasionally from heart failure caused by non- 
coronarj' cardiac lesions. When it follows an 
anginal attack, death is usually sudden and 
probably initiated by ventricular fibrillation, 
since this irregularity has been noted in pa- 
tients who in rare instances died wliile they 
were ha\’ing electrocardiograms taken. 

Coronary Occlusion 

Sudden interruption of the blood flow in a 
coronary artery is usually caused by throm- 
bosis or by hemorrhage into an atherosclerotic 
plaque. With rare exceptions, sudden occlu- 
sion Is followed by myocardial infarction. 
Occlusion may also occur gradually as a result 
of progression of the atherosclerosis. 

PHENOMENA ASSOCIATED XSTTII COBONABY 
OCCLUSION 

Pain. The pain associated with coronary’ 
occlusion is identical in nature, and as far as 
is known, in mode of production, with that of 
angina pectoris. However, the pain is fre- 
quently more intense, may’ radiate more 
widely and alway’s lasts longer, i.e , hours to 
days. Radiation of the pain is more frequently 
to the left than to the right arm. Pain is 
present in 98 per cent of patients with coro- 
nary occlusion. FaOure to obtain a history’ of 
pain may be e.xplained by sudden onset of 
collapse, concealment by other symptoms 
or medication, or may not have been ade- 
quately sought. 

In a series of 158 patients with coronary artery 
disease. Levy (1956) noted that the pain sub- 
sided in 18 per cent \rith bed rest, without pro- 
ducing significant myocardial necrosis. Remlssiou 


of pain associated with minor degrees of myo- 
cardial necrosis occurred in 40 per cent. The 
mortality rate after development of frank myo- 
cardial infarction was 16.5 per cent of the total 
group. Sixteen per cent of the entire group were 
classified in the category’ of “sudden unexpected 
death” witliout clinic.il or electrocardiographic 
en'dencc of significant myocardial infarction. He 
indicated that similar control data are required 
m ex'aluating anticoagulant therapy’. 

Nfyocardial Contractility. Normally the 
ventricular fibers shorten during ventricular 
ejection and lengthen during ventricular fill- 
ing. Within 30 seconds after occlusion, the 
myocardial fibers cease shortening during sys- 
tole. Within one or two minutes the myo- 
cardium in the ischemic area begins to elon- 
gate during systole. Maximum stretching is 
reached at the moment of peak of intraven- 
tricular pressure. The ischemic muscle fibers 
then shorten during diastole owing to their 
elastic recoil, while the normal fibers are being 
stretched by the inflowing blood. Loss of con- 
tractility’ has txvo effects; (1) loss of incre- 
ment to the force of ejection which normally 
would have been provided by the ischemic 
muscle, and (2) bulging of the ischemic mus- 
cle during systole as a result of the force of 
ejection of the remaining active muscle. 

Cardiac Rupture. With healing, the necrotic 
muscle fibers, which have lost their blood 
supply because of occlusion of a coronary' 
artery, are replaced by firm scar tissue. Be- 
fore scarring can occur, however, the pressure 
in the left ventricle during systole may force 
the blood to burrow through the necrotic 
myocardial fibers and eventually to rupture 
the w’all. Perforation of the ventricular sep- 
tum xx'ill allow blood from tlie left ventricle 
to enter the right x’entricle. Perforation of 
the wall externally wtU force blood into the 
pericardial sac and lead rapidly’ to death from 
cardiac tamponade. 

The influence of activ’ity on the development 
of cardiac rupture is brought out hy two com- 
parativ’e studies. Rupture w’as found in 9.5 per 
cent of 105 hearts with acute infarction at autopsj' 
in hospitalized patients (Friedman and White, 
1944): iu contrast, rupture was found in 73 per 
cent of hearts of 22 patients who died from recent 



ABNORMAL CARDIAC FUNCTION 


223 


infarcts in a mental institution in which the pa- 
tients were not kept at bed rest (Jelter and 
While, 1944). In neither study were any in- 
stances of rupture encountered among 165 and 
25 hearts, respectively, with old healed infarcts. 

Collateral Circulation, Myocardial Netaro- 
sis. Frequently, at autopsy, one or more coro- 
nary arteries are found to be completely 
occluded, yet the myocardium customarily 
supplied by tliese vessels appears normal. 
Evidently either a collateral supply to this 
muscle had developed or the patient had died 
before myocardial necrosis had time to de- 
velop. A considerable period of time must 
elapse before collateral circulation becomes 
adequate to keep the muscle viable. Necrosis 
may thus be prevented if occlusion takes 
place gradually rather than suddenly, in order 
to allow time, and to provide the stimulus, 
for collateral circulation to develop (Baroldi 
et al, 1956). 

Circulatory Dynamics. A large infarction 
may be followed by acute left heart failure, 
associated with an elevated central venous 
pressure and decreased cardiac output per 
minute and per stroke. The output may, how- 
ever, not be as lo\v as in left \'entricular con- 
gestive failure. Blood flow in the forearm is 
reduced, and intrathoracic blood volume and 
heart size are increased (Lee, 1957). Such 
patients respond to the administration of lana- 
toside C by a rise of systemic arterial pressure 
and, in some cases, also by a fall of venous 
pressure. 

On the other hand, phenomena character- 
istic of a shock-like state may be seen during 
the first few hours or days. The symptoms of 
shock include low mean-arterial pressure, 
narrow pulse pressure, tachycardia, pallor, 
sweating, low venous pressure and diminished 
size of the superficial veins (venous constric- 
tion?). 

Agress and associates (1950) found that Ibe 
plasma and blood volume were reduced soon 
after the onset of myocardial infarction. The 
cause of the shocklike state is not knoum. It may 
be reflexly initiated by the pain impulses or ft 
may be a direct resvilt of the myocardiai faifurc. 
In either case, the prolonged existence of se\*ere 
h>-potension leads to tissue hypoxia and critical 


damage to the brain, myocardium and kidney.s 
(Sampson, 1957). Fink and associates (1953) 
and Sampson (1957) believe that transfusion 
and/or the use of vasoconstrictors, such as phenyl- 
ephrine or levarterenol (noradrenaline), improves 
such patients. 

Cardiac Irregularities. Premature beats, 
tachycardias and especially ventricular fibril- 
lation, which frequently follow coronary occlu- 
sion, are probably generated in the junctional 
area of partially ischemic muscle tissue be- 
tween the infarcted and the surrounding nor- 
mal myocardium. The ‘liyperirritability” of this 
area may be caused by catelectrotonus from 
the injury potential and possibly also by sym- 
pathoadrenal substances, histamine and other 
substances formed or liberated during necrosis 
(Harris, 1950), or induced by an electrical 
potential resulting from the differences in de- 
gree of oxygenation of adjacent portions of 
the myocardium. The enhanced irritability 
may be responsible for the origin of ectopic 
rhythms which lead to ventricitlar fibrillation 
(Brofman et al-, 1956). 

Miscellaneous Associated Phenomena. Mild 
fever (100 to lOTF.), leukocytosis, an in- 
creased rate of blood sedimentation, and an 
elevation of serum glutamic oxaloacetic trans- 
aminase (GO-T), lactic dehydrogenase (LD) 
or glutamic-pyruvic transaminase (GP-T) (La 
Due, 1956, 1957) follow myocardial infarc- 
tion. These are probably initiated by products 
absorbed from the necrotic myocardium. 
Creatinuria, nitrogen retention, jaundice, gas- 
trointestinal disturbances and the shoulder- 
hand syndrome are occasionally encountered 
following occlusion. A mild pericarditis may 
develop over the surface of the infarct and 
give rise to a friction rub. Not infrequently, 
thrombi develop on the endocardium in the 
area of the infarct. Tliese may become dis- 
lodged, giving rise to pulmonar>' emboli when 
they arise in the right atrium or ventricle, and 
to systemic emboli when they arise in the left 
ventride. 

Prognosis. In a follow-up study of 200 pa- 
tients who bad experienced a coronarj' occlu- 
sion bet^veen 1922 and 1990, the most impor- 
tant clue to longerity was the degree of com- 
plete recover)’ at the end of the first month 
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of convalescence; findings that indicated a congestive failure or angina (\\'lnte ct ah, 
shorter life span were persistence of either 193S). 

4. EXTRACARDIAC DISTURBANCES THAT AFFECT THE HEART 


Disturhanccs That Interfere tcith 
Cardiac Filling 

Angulation and Rotation of Heart. Angula- 
tion and rotation of the heart may occur 
during surger>’ on the heart or mediastinal 
structures, as a consequence of excessive 
pneumothorax (either accidentally or in the 
treatment of pulmonary tuberculosis), and as 
a result of infections which produce adhesions 
between the heart and chest wall. Such dis- 
locations cause failure of filling or of empty- 
ing of the o.ardiac chambers by compressing 
the vessels as they penetrate the pericardium. 
As a result of the sudden displacement of the 
heart, systemic arterial pressure suddenly 
drops. 

Traction on Heart. Traction has been given 
as tlie cause of hypertrophy in hearts that 
were bound by adhesions to various thoracic 
structures. However, traction m the longi- 
tudinal axis has no effect on cardiac output 
or systemic arterial pressure, and traction in 
other directions serves mainly to reduce car- 
diac output by nanrowng the lumen of the 
vessels that enter or leave the heart. H>'per- 
trophy is absent ^vhen the remainder of the 
heart is normal. 

Acute Cardiac Compression ( Cardiac Tam- 
ponade). Dynamics. Elevation of pericardial 
pressure by accumulation of air, blood, exu- 
date or transudate witliin the pericardial sac 
tends to collapse the veins as they enter the 
pericardium, and also tends to collapse the 
heart chambers. The compression prex'ents 
proper ventricular filling and reduces cardiac 
output. The reduced output causes the sys- 
temic and pulmonary venous pressures to rise. 
The rise in systemic venous pressure is "re- 
lated to the available blood volume and to 
the degree of veno-constr/ctfon. IVithin lim- 
its, the elevation of venous pressures fends to 
compensate for the rising pericardial pressures 
and maintains cardiac filling and cardiac out- 
put. Howev’er, if the pericardial accumula- 
tion becomes excessive, the entering veins and 


the cardiac chambers tend to collapse and 
tlie cardiac output becomes markedly re- 
duced. The critical pericardial pressure at 
which cardiac output fails is around 10 to 18 
cm. of saline (Ncrlich, 1951). 

Distinction of massive pericardial effusions 
from large dilated hearts is possible on the basis 
of the arm-to-tongue circulation lime (Belletl 
ct al., 1951). In the former, the time is less than 
normal or at most only slightly prolonged (8 to 
22 seconds, average, 16 seconds in 17 patients), 
uhereas uith diLted hearts the circulation time 
Would be expected to be maikeilly prolonged. 

Pulsus paradoxus. Pericardial effusions of a 
magnitude less than that which causes fail- 
ure of cardiac output frequently cause an 
accentuated decrease of mean arterial pres- 
sure and of the arterial pulsations in late 
Inspiration or early expiration, and an in- 
crease in arterial presstirc and pulsations in 
late expiration or early inspiration. These 
changes in pulsations, called the paradoxic 
pulse, appear to be caused by rhythmic intra- 
thoracic pressure changes which have their 
normal effect on the central systemic veins 
and on the quantity of blood in the lungs but 
are unable simultaneously to affect the car- 
diac filling and output. 

Clinical signs. Tlie main findings in acute 
cardiac compression are falling arterial pres- 
sure, rising venous pressure and a small quiet 
heart. Assocuited with the elevated venous 
pressure may be enlargement of the lix'er and 
pulsation of the neck veins (Williams and 
Soutter, 1954). \\4ien caused by a perforat- 
ing wound of the heart, the condition consti- 
tutes an emergency and often requires either 
immediate surgical intervention and closure 
of the perforation or pericardial aspiration 
(Fairinger, 1955), since the heart continues 
to pump blood into the pericardial sac 
througli the perforation as long as the heart 
is able to contract. 

Pneutnopcricarditim. In e.xperimental iini- 
mals, exposure of the heart or even of the 
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pericardium to atmospheric pressure raises the 
absolute pressure on the outside of the car- 
diac chambers (reduces the negative pressure 
to zero). This pressure change causes altera- 
tions in cardiac dynamics suggestive of mild 
cardiac compression (Beck and Cox, 1930). 

Chronic Cardiac Compression (Constric- 
tive Pericardium ) . The disturbance is pro- 
duced by the contraction of the scar tissue 
and obstruction of the large veins as they 
enter the heart, and usually occurs long after 
the acute inflammatory process has subsided. 
The compression may be caused also by 
chronic accumulation of fluid. Primary amy- 
loid infiltration of the myocardium may closely 
mimic the mechanical disturbances produced 
by constrictive pericardium (Gunnar ct at, 
1955). 

Cardiovascular effects of chronic cardiac 
compression. The effects produced by chronic 
cardiac compression are similar to those of 
acute cardiac compression. Tiie compression 
causes (a) lowering of cardiac output because 
of inability of the ventricles to fill completely 
and (b) a resulting depression of systemic 
arterial pressure and elevation of systemic 
venous pressure. Because of the more pro- 
longed nature of the disease, compensatory 
changes characteristic of those seen in chronic 
congestive heart failure develop. These in- 
clude increase of blood volume (whicli may 
be as much as 1 liter above normal), and re- 
tention of salt and water with resulting en- 
largement of the liver, pleural effusion, as- 
cites and dependent edema (Fishman et at, 
1950). Associated symptoms and signs arc 
cyanosis, breathlessness, distended veins and 
pulsus paradoxus. The extent of the disturb- 
ances may vary greatly from patient to 
patient. Some may show predominantly con- 
gestive phenomena (Ijypervolemia), sugges- 
tive of myocardial insufficiency, and may re- 
spond to some extent to measures aimed at 
relieving the congestion (Harx’ey ct at, 1953). 

Constricti\'e pericarditis over tlse left venlridc 
lias been described by White and associates 
(1948). Their patients showed accentuated pul- 
monic second sounds, right ventriaUar enlarge- 
ment, right axis deviation in the electrocardio- 


gram and marked elevation of the puhnonarj' 
capillary pressure. 

Cardiac work in presence of chronic car- 
diac compression. Contrary to conditions 
leading to chronic heart failure, the work of 
the heart is reduced in cardiac compression 
and the heart atrophies. Fluoroscopic exami- 
nation reveals decreased cardiac action. Sur- 
gical excision of the constricting pericardium 
often greatly improves this type of cardiac dis- 
turbance (Holman and Willett, 1955). 

Ball-Valve Thrombus. A rather rare condi- 
tion whicli may lead to impairment of car- 
diac filling is a free floating or a pedunculated 
ball-valve thrombus. Such thrombi have been 
noted most frequently in the left atrium in 
the presence of mitral stenosis, and in the 
right atrium in the presence of chronic car- 
diac compression combined with atrial fibril- 
lation. Thrombi within the four cardiac cliam- 
bers are quite common but, fortunately for the 
patient, they rarely assume the ball-valvts 
form. 

Ball-valve thrombi in the atria may offer a 
constant impediment to ventricular filling, 
thus resembling mitral or tricuspid stenosis, 
or they may occlude the opening only peri- 
odically. Periodic occlusion causes sudden 
attacks of syncope, decreased cardiac output 
and feebleness of the pulse. When present in 
the right atrium, the patient may show dusky 
cyanosis of the face and neck, engorgement 
of veins of the face and neck and of the liver 
xvilh a systolic pulsation in these structures, 
marked dyspnea of the oxygen-hunger type 
without signs of respiratory obstruction, en- 
largement of the right atrium, evidence of old 
rheumatic heart disease, atrial fibrillation, a 
murmur suggesting tricuspid stenosis, and 
rapid fluctuations in severity of ssmiptoms 
over short periods of time. 

Asthma, Pneumothorax and Pleural Effu- 
sion. These often cause a mild eJe^'at/on of 
the central systemic %’cnous pressure, meas- 
ured relative to atmospheric pressure. Tlio 
clex'allon is related to the increase in abso- 
lute pressure in llie thorax (intrathoracic pres- 
sure is less negative) which impairs to some 
extent the return of blood to the Jjearf. Few 
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measurements of cardiac output arc available 
but these suggest little deviation from normal 
conditions while at rest (Altschule, 1919). 

Explosive Decompression. In the pressur- 
ized cabin of an airplane, the air pressure 
within the coclq^it or cabin is maintained at 
the equivalent of no more than 10,000 feel 
altitude. An anti-aircraft shell can mal^e a 
large hole in the wall of such a cabin. If the 
hole should develop when the airplane is 
flying at 40,000 feet, the pressure in the cabin 
would drop suddenly from 522 to 140 mm. 
Hg. This drop may tahe place within 0.005 
to 0.2 second, and the phenomenon is, there- 
fore, designated explosive decompression. 

Normally man and animals readily tolerate 
e.xplosive decompression but, if the degree or 
the rapidity of change is great enough, the 
arterial pressure may decline momentarily 
principally because the intrathoracic pressure 
is maintained for the time being at around 522 
mm. Hg while the rest of the body is exposed 
to a pressure of 140 mm. Hg. This produces the 
effect of mild tamponade equivalent to that 
seen in emphysema or pneumopericardium. 
The effect is aggravated by increasing the alti- 
tude of the plane at the time of decompres- 
sion and by shortening the time of decom- 
pression (Gagge and Shaw, 1950). Any 
resistance to expiration, such as spasm of the 
glottis, aggravates the effect since such re- 
sistance delays the drop in intrathoracic pres- 
sure (Benke, 1950). 

If the altitude of the plane at the moment of 
explosive decompression is above 75,000 feet, 
more severe symptoms may ensue, since at this 
altitude body fluids tend to boil and extreme dis- 
tention of all bodily tissues occurs. In experi- 
mental studies on monkeys, exposed to decom- 
pression equivalent to 75,000 feet in 0.2 second, 
cessation of respiration, bradycardia, reduction of 
systemic systolic and diastolic arterial pressures 
and disrupbon of the norrnal electrocardiogram 
were obserx'ed. \Vhen breathing of 100 per cent 
oxygen was begun immediately and the monkeys 
were recompressed at the free fall rate (in ap- 
proximately 5 minutes), they began to recover 
and their arterial pressures, respirations and elec- 
trocardiograms w’ere normal by the time sea-le\el 
pressure was reached (Gelfan et al., 1950). 


Dhturbances Afjccitng Primarily the 
Pulmonary CiVcuInfion 

Acim-: con rui.MOVAu: 

Pulmonary Embolism. Tliree forms of re- 
sponse to pulmonar)' embolism have been dis- 
tinguished: (a) sudden death (usually atlrih- 
uled to coronarj' occlusion), caused by an 
embolus involving a major branch of a 
ptilmonan,' artcrj’; (b) subactite illness, re- 
sembling terminal bronchopneumonia, which 
may result from involvement of large and 
medium-sized arteries; and (c) chronic dis- 
ease, usually incident to prolonged terminal 
illness, in which frequently only the small ar- 
teries are occluded (Towbin, 1954). 

Circulatory dynamics during pulmonary 
embolization. Serious obstruction to the blootl 
flow in the pulmonary arteries probably oc- 
curs only when emboli occlude 50 per cent 
or more of tlie pulmonarj' arterial system. 
Tlic impediment to flow causes retention of 
blood in the right ventricle, rise of right atrial 
and right ventricular initial pressures, in- 
creased force of right ventricular ejection and 
elevation of the pressure in the proximal seg- 
ment of the pulmonary' trunk. Tlie mean and 
pulse pressures decline in the segments of the 
’ pulmonary arterx’ distal to the emboli. If right 
ventricular output fails to be maintained, left 
ventricular output falls and this causes syn- 
cope or a shock-like state with peripheral 
X'asoconstriction. Severe tachycardia (Renner, 
1949) or atrial flutter or fibrillation, a systolic 
murmur, an accentuated second sound, and a 
to-and-fro rub in the pulmonic area may re- 
sult. 

Pulmonary air embolism. Durant and asso- 
ciates (1947) studied the phenomena of pul- 
raonarj' air embolism in dogs. Tliey found that 
the amount of air needed to cause death 
X'aried widely depending upon the speed of 
injection, the position of tlie dog and the abil- 
i^’ of the animal to eliminate the air lodged 
in die pulmonars' capillaries by developing 
tach>’pnea. 

Ligation of Pulmonary Artery. In pneumo- 
nectomy, ligation of the corresponding pul- 
moaar>’ artery’ usually causes an immediate 
elevation of the pulmonary arterial pressure. 
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The pressure, however, usually returns to 
basal levels by the time the operation is com- 
pleted. 

Elevation of Pulmonary Capillary Pressure. 
Ele^'ation of the pulmonary capillary pressure 
usually results from failure of the left ventricle 
or from mitral stenosis. The elevation may be 
brought on acutely by any factor which sud- 
denly increases the systemic venous retmn, 
such as infusions, exercise or dreams. Pulmo- 
nary capillary pressure may also be increased 
by sudden elevation of the systemic arterial 
pressure by large injections of epinephrine, 
the physiologic output of epinephrine that ac- 
companies ischemia of the central nervous 
system, or inhalation of oxygen at high pres- 
sure (Bean and Johnson, 1955). 

Rises in mean pulmonary arterial pressure 
and pulmonary capillary pressure have been 
recorded in normal persons receiving one liter 
of physiologic saline solution intravenously 
within 10 minutes, and were regarded by 
Wanen and associates ( 1950) as a “back pres- 
sure" effect. 

amoNic COR pulmonale 

Chronic Pulmonary Disease (Pulmonary 
Fibrosis, Emphysema, Ayerza’s Syndrome). 
Insofar as the heart is concerned, most chronic 
pulmonary diseases may be grouped together. 
Tliey are all associated with cyanosis result- 
ing from increased unsaturation of arterial 
oxygen produced by ineffective alveolar ven- 
tilation (Comroe and Fowler, 1950) and the 
associated polycythemia. In the absence of 
heart failure, pulmonary arterial systolic and 
diastolic pressures, pulmonary artery-pulmo- 
nary “capillary” pressure gradient (Yu et ah, 
1955) and right ventricular systolic and right 
atrial pressures are usually elo'ated at rest 
(Borden ct ah, 1950), and increase excessively 
witli slight exercise. Tlje blood volume is in- 
creased but cardiac output, arteriovenous ox>'- 
gen difference and systemic arleri.xl pressure 
are usually normal (Hecht, 1950), 

The ele%’ated pulmonary artery’ pressure at 
rest is caused by constriction and possibly also 
by some obstruction of the small arteries of 
the lungs (Leopold, 1950). Tlie constriction 
may’ be related to the anoxia since short pe- 


riods of anoxia cause acute elevation of the 
pulmonary arterial pressure and pulmonary 
arteriolar resistance, as computed from the 
relationship between pulmonary artery-pul- 
monary “vein” pressure and cardiac output 
(Siebens et ah, 1935; Ebert, 1957). 

Heart failure associated with cor pulmonale is 
often, but not always, accompanied by a resting 
cardiac output above normal and by excessively 
elevated mean pulmonary arterial and right ven- 
tricular systolic and diastolic pressures. Tlie re 
suits of therapy also suggest that this kmd of 
heart failure is of the high-output type and may 
be associated with constriction of small pulmo- 
nary arteries, which is reversible (Cournand, 
1950). 

Pulmon.ary Hypertension Secondary to Mi- 
tral Stenosis. Pulmonary artery’ mean pressure 
may be elevated to 30 to 50 mm. Hg or more 
in the presence of mitral stenosis. Associated 
with this condition are radiologic evidence of 
right ventricular hypertrophy, changes in the 
electrocardiogram in lead V, and pulmonary 
edema (Fowler et al, 1955). In most patients 
the pulmonary "capillary" pressure (pulmo- 
nary artery wedge pressure) and the gradient 
between pulmonary artery and pulmonary 
“capillary” pressures are both elevated. 

Dhlurbances Affecting Primarily the 
Systemic Circutation 

COfiDtnOSS CAUSING INCREASED RESISTANCE 
TO BLOOD FLOW 

Hypertension. Increased peripheral resis- 
tance in hypertension. It is generally agreed 
that in systemic arterial hypertension cardiac 
output is normal but total peripheral resis- 
tance is increased. A large numher of causes 
haw been proiwsed for the increase in pe- 
ripheral resistance in human hj'pertension. It 
is beyond the scoiie of this chapter to discuss 
them. 

Aortic pressure in hypertension. In order to 
overcome the increased resistance to flow of 
blood through the systemic arterioles, the 
heart must create a higher pressure in the 
aorta and systemic arteries. The higher ar- 
terial pressure leads to a greater than norm.d 
cross-sectional area of the aorta, in which 
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condition it is less distensible than nonnal. 
As a consequence of the greater rigidity of 
the aorta, the pulse pressme is wider than nor- 
mal even though the stroke \’olume output of 
the heart is within normal limits. 

Effects of hypertension on the heart. The 
elevation of arterial pressure causes increased 
left ventricular work and leads to left ventric- 
ular dilation and hypertrophy and to an ac- 
centuated aortic second sound. Right ventric- 
ular pressure usually remains normal in the 
absence of complications but may rise in 
patients with the malignant tjpe of h\'per- 
tension. Coronary' blood flow increases with 
the rising of arterial pressure. Elevation of 
the sy’stemic arterial pressure predisposes to 
atherosclerosis and thereby increases the like- 
lihood of thrombotic complications in vessels 
such as the arteries of the brain, heart, kid- 
neys and lower extremities. 

Polycythemia. Increases in the concentra- 
tion of red cells in the blood, in the hemato- 
crit reading, m the oxy’gen-carry’ing power of 
the blood, and in the total circulating blood 
volume occur as a physiologic response to 
many kinds of anoxia (secondary polycy'- 
themia). Increased red cell counts and he- 
matocrit readings are also seen in poly- 
cy’themia vera in which no cause for the 
increased quantity of red cells can be demon- 
strated. 

In both kinds of polycythemia the blood 
becomes much more x’iscid, the resistance to 
flow through the arterioles and capillaries 
being greatly increased. The increased vis- 
cosity is to some extent compensated b\’ pe- 
ripheral arteriolar vasodilation. Tlie latter 
causes, in turn, capillary' dilatation and the 
associated red blush of the skin (Jeghers, 
1950). Despite the peripheral vasodilation, 
there may result moderate sy'stemfc hyperten- 
sion, increased cardiac work and moderate 
cardiac hypertrophy (Brooks, 1936). 

Effects of Excessive Quantities of Sympa- 
thetic Chemical Mediators. CflHscs of exces- 
sive blood concentration of sympathomimetic 
substances. Epinephrine is released from the 
adrenal gland and arterenol is released at the 
tenninals of the postganglionic sympathetic 
fibers in the tissues during activity’ of the 


sympathetic nervous sy’stem. These substances 
are not completely destroyed in the tissues. 
As a consequence, they diffuse into the blood 
and are thus capable of exerting sy'mpatlio- 
mimetic effects in other parts of the body'. 
The quantity of these substances reflects the 
actinty' of the syTnpathetic nerx’ous system. 
Excessive quantities of sympathetic chemical 
mediators may be present in the body' as a 
result of accidental injection of abnormally 
large doses of epinephrine, or as a physiologic 
response to conditions of extreme stress such 
as development of shock, severe anoxia, pres- 
ence of a pheochromocyiDma, or severe is- 
chemia of the central nerx'ous sy’stem, and as 
a result of loss of tlie moderator impulses from 
tlie pressor receptors in tlie carotid sinuses 
and aortic arch. 

Effects of infeefion of excessive quantities 
of epinephrine in man and experimental ani' 
mats. Accidental injections of large amounts 
of epinephrine into patients may lead to pre- 
cordial distress, increase of sedimentation rate, 
elevation of body temperature, and electro- 
cardiographic changes suggestive of relative 
coronary insufficiency. Epinephrine may occa- 
sionally induce ventricular premature beats, 
tachycardia or fibrillation; these are particu- 
larly likely to occur during chloroform or 
cyclopropane anesthesia. 

Experimental neitrogenic hypertension. 
Moderate increase of sy'mpathetic tone occurs 
in experimental neurogenic hv'pertension in- 
duced by sectioning the afferent moderator 
nerx’es from the carotid sinus and aortic arch. 
In experiments of this type, it was noted that 
cardiac output rose, arteriovenous o.xygen dif- 
ferences and coefficient of oxy'gen utilization 
both decreased, and heart rate increased, but 
stroke volume and right atrial pressure re- 
mained unchanged. Blood flow in the kidney 
fell while tliat in the forepaw rose (Bing et al., 
1945 ) 

EXCESSW'E CARDIAC OUTPUT CAUSED BV 
ABNORitALLY INCREASED VTLVOUS 
RETURN 

Increased venous return in nonnal hearts 
causes no difficulty’. A sudden increase in 
venous return can, howe\’er, throw a dam- 
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aged heart into acute heart failure, usually 
of the left ventricular type. Associated with 
the failure will be increased pulmonary blood 
volume, elevated systemic and pulmonary ar- 
terial and systemic central and peripheral 
venous pressures, and increased cardiac and 
respiratory rates. The difference between pe- 
ripheral and central systemic venous pressures 
will be reduced (Huckabee et oZ., 1950). In 
the absence of failure, increased venous re- 
turn induced by infusions usually leads to 
increased renal blood flow and glomerular 
filtration and to efferent renal arteriolar dila- 
fafion as represented hy a reduced Sitralton 
fraction (Wilson and Harrison, 1950). 

INCREASED CARDIAC OUTPUT FROM EXCESSIVE 
DECREASE IN PERIPHERAL RESISTANCE 

Peripheral Vasodilatation Associated with 
Increased Metabolic Rate, The metabolic rate 
of the body, as indicated by measurement of 
oxygen consumption, is increased physiolog- 
ically in exercise, after meals, and during 
pregnancy, and in obesity, hyperthyroidism 
and during fever. 

Pregnancy. Cardiac output begins to in- 
crease early during pregnancy and reaches a 
peak of around 20 to 25 per cent above nor- 
mal at about the thirty-second week, it re- 
turns to normal near term, A second marked 
increase in cardiac output occurs during the 
first and second days postpartum. In the pres- 
ence of a damaged heart, heart failure is most 
likely to occur about the thirty-second week 
or the immediate postpartum period when 
cardiac output is highest. Occurrence of in- 
fection at any time during pregnancy, and 
especially during the above periods, increases 
still further the need for blood flow and the 
likelihood of development of heart failure 
(Jenson, 1949). However, no permanent 
change in the degree of heart disease attrib- 
utable to the pregnancy was detected when 
mothers were re-examined 3.5 to 5 years post- 
partum (Miller and Metcalf, 1956, Leitcr, 
1957). 

Fever. In general, heart rate and oxygen 
consumption parallel the body temperature. 
Heart rate increases about 20 beats per min- 
ute per degree (Centrigrade) of fever. Tl»c 


increased rate seems to be largely a direct 
effect on the sinoatrial node. In heart block 
the heart rate increases only about 8.4 beats 
per minute per degree Centigrade ( Altschule 
and Freedberg, 1945). During fever induced 
by intravenous injection of pyrogenic sub- 
stances, three stages with distinctive circula- 
tory characteristics may be noted. In the 
prodromal stage there are no appreciable 
changes. A stage of chilling follows in which 
cardiac output is below normal. Flushing 
then otxjurs during which cardiac output, 
heart rate, stroke ^'olume, and ox}'gen con- 
sumption are e}evated above norma}. En- 
largement of the heart may be noted during, 
and for as long as six months following, pro- 
longed artificial hyperpyrexia. 

Exercise. Physical exertion induces the 
greatest possible increase in cardiac output. 
The increased output is caused both by a 
faster heart rate and by an augmented stroke 
volume. In persons in good physical condi- 
tion, the latter is the more important. The 
systemic arterial systolic pressure and the 
pulse pressure increase and the diastolic pres- 
sure remains relatively constant. The arterio- 
venous difference in oxygen concentration 
usually increases slightly (Bruce et al., 1949a, 
b). In the injured heart, the increased venous 
return .ind the increased demand for output 
may readily exceed the capacity of the heart, 
leading to ventricular dilatation and failure. 
In the normal person, prolonged heavy exer- 
tion apparently does not lead to significant 
dilatation, but evidence exists that the heart 
may hypertrophy (Abrahams, 1946) . The 
work of the heart may be increased more by 
anxiety than by moderate exercise ( Stevenson 
ctal, 1949). 

Meals. Ingestion of a large meal increases 
cardiac output and heart work 30 to 40 per 
cent. The increase begins almost immediately 
and is maintained for 3 or more hours. A 
high protein meal causes the greatest increase. 
Carbohydrate causes a lesser increase which 
is of shorter duration; fat causes a still smaller 
increase in cardiac output, but the output re- 
mains elevated for a longer perio<l of time. 
Ingestion of 1200 ml. of water may incrc.ise 
cardiac output 15 to 25 per cent. 



230 


PATHOLOGY OF THE HEART 


Increased Cardiac Output In Absence of 
Elevated Metabolic Rate. Arteriovenous fis~ 
iulae. Arteriovenous fistulae frequently de- 
velop as a result of trauma, gunshot or knife 
wounds involving the femoral or abdominal 
vessels. The flow through the shunts greatly 
augments the venous return and the cardiac 
output, and decreases the arteriovenous- 
oxygen difference to less than normal. \^^en 
the cardiac output is large enough, hyper- 
trophy develops. The degree of hypertrophy 
is directly related to the size of the fistulous 
opening and to the proximity of the opening 
to the heart. The hypertrophy is at least par- 
tially reversible when the shunt is closed 
(Shumacker and Stahl, 1949). 

Ocdusion of the shunt, by application of e.t- 
temal pressure, in man, causes immediate reduc- 
tion in cardiac output and, con\'ersely, cardiac 
output increases within 1 or 2 beats after re- 
establishing the shunt. This suggests that arterial 
pressure •per sc plays an important part In regu- 
lating the stroke volume of ejection of the left 
ventricle. The central venous pressure tends to 
remain constant during opening and closing of 
the shunt. ^VhiIe systemic arterial pressure tends 
to fall when the shunt is opened, the fall to a 
considerable extent is compensated by the in- 
creased cardiac output and by peripheral vaso- 
constriction (Stead and Warren, 1947; Van Loo 
and Heringman, 1949). 

Osteitis deformans (Paget’s disease of 
bone). This condition is associated xvith in- 
creased cardiac output, amounting at times to 
as much as 13 liters per minute, because of 
increased flow through the bones, and is often 
accompanied by a pronounced degree of 
atherosclerosis. Like pregnancy, this condi- 
tion is closely analogous to arteriovenous fis- 
tula. However, recent cardiodynamic studies 
have questioned the occurrence of heart fail- 
ure on the basis of the arteriovenous com- 
munications perse (Leiter, 1957). 

S/rcss of life (Neurocirculatory asthenia. 
Anxiety). As a part of the reaction to stress- 
ful situations of life, especially in persons who 
are subject to tension, frustration, conflict, 
anxiety and depression, the cardiovascular 
system may react dynamically. Usually these 
reactions in such persons at rest are of Uie 
liy'perdynamic type that is characteristic of 


the normal response to exercise; they occur 
more in response to threatening than to actual 
assault upon the organism. Occasionally', 
hypodynamic reactions occur, particularly' in 
healthy persons, when they feel depressed by 
some environmental situation. The hyperdy- 
namic responses include fluctuations in rate 
and rhythm (such as paroxy'smal tachycardia) 
and in strength and amplitude of cardiac con- 
traction (increased stroke volume). The con- 
dition is characterized by an increase above 
normal in cardiac output (cardiac index av- 
eraged 5.5 with a normal output of 3.3 1./ 
min./sq.M.) despite a normal rate of o.xygen 
consumption. In consequence, the arterio- 
venous oxygen difference is reduced from the 
normal of 4 to an average of 3.2 ml. per 100 
ml. of blood (Stevenson et ah, 1949; Wolff, 
1950). 

HYPOXIA 

Respiratory Hypoxia. Low atmospheric 
oxygen tension. WTiile breathing oxygen at 
less than normal concentration, the arterial 
blood pressure, cardiac output and heart rate 
increase but the oxy’gen uptake by the lungs 
remains constant. If the oxygen concentra- 
tion of the inspired air is lowered progres- 
sively, cardiac failure ultimately ensues with 
rapid decline in arterial pressure, decrease of 
oxygen uptake and dilatation of the heart 
(Feldman et al., 1948). Coronary’ blood 
flow increases remarkably in response to res- 
piratory' ano.xia, prior to cardiac failiue, ac- 
companied by a marked increase in difference 
of oxygen concentration behveen the aorta 
and coronary sinus (Hackel el al., 1954). 

Contrary to general opinion, Gray'bicl and 
associates (1950) found the size of the heart 
to be decreased in all normal persons during 
partial acclimatization to high altitude, be- 
cause of decreased filling. However, they state 
that life-long residents at high altitudes have 
hearts larger than normal. 

Gassing hij pulmonary irritant. Phosgene 
poisoning leads to pulmonary' edema, which 
in turn, causes lowering in oxygen .saluratioii 
of the arterial blood. Tlie latter is the pri- 
mary cause of death. Accompanying phe- 
nomena are prolonged pulmonary circulation 
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time, increased arteriovenous oxygen differ- 
ence, hemoconcentration, decreased blood 
volume and increased blood viscosity. How- 
ever, systemic venous and right ventricular 
pressures tend to remain constant or to fall 
(Patt et al, 1946). 

Anemia. In anemia, whether normochromic, 
hypercliromic or Ijypochromic, sj'mptoms are 
produced ^vhich are more or less proportional 
to the oxygen-carrying power of the blood. 
No consistent changes in cardiac output are 
noted when the hemoglobin is above 7 grams 
per 100 ml. Below this level cardiac output 
is increased, arteriovenous difference in oxy- 
gen concentration and peripheral resistance 
are reduced, hut right atrial pressure is un- 
changed (Brannon ct at, 1945). In severe 
anemia (hemoglobin concentration below 25 
per cent of normal), right atrial pressure, car- 
diac output, stroke volume, heart rate and 
pulse pressure are greatly increased, even at 
rest, despite reduction of blood volume to as 
little as 2 liters (Sharpey-Schafer, 1944). The 
heart may become extremely dilated with 
functional insufficiency of the mitral and tri- 
cuspid valves and the appearance of "hemic” 
murmurs (Hunter, 1946 ) ; congestive failure 
may develop, 

Stagnant Hypoxia. Shock. Most instances 
of true or “irreversible” shock go through an 
initial stage of decreased blood volume, lead- 
ing to decreased cardiac output and extreme 
arteriolar vasoconstriction (both neurogenic 
and humoral in origin). Ultimately these 
changes lead to such severe tissue anoxia that 
the capillaries become damaged with result- 
ing dilatation, increased permeability and 
stagnation. 

Histotoxic Hypoxia (Cyanide Poisoning). 
Injection of a coronary artery with sodium 
cyanide causes marked coronary arteriolar 
dilatation and increase of coronary’ blood 
flow. When injected intravenously in man, 
sodium cyanide in doses of 0.1 to 0.2 mg. per 
kilogram, has caused a sinus pause of 0.88 to 
4.2 seconds followed in some cases by nodal 
escape. The pause immediately preceded or 
accompanied the respirator)’ stimulation. 
Sinus irregularity and slowing of the lieart 
rate then ensued, followed by a gradual ao- 
celcration above control levels. 


Disturbances Affecting Primarily 
the Heart 

INFECTIONS OF HEART 

Myocarditis. Mild damage to lieart muscle 
has been reported with subacute bacterial 
endocarditis, syphilis, scarlet fever, pneumonia 
and other infections. Prolonged arterioven- 
tricular conduction or varying grades of intra- 
ventricular block and significant RS-T devia- 
tions may be noted (Fine et at, 1950). Virus 
infections rarely cause myocardial damage. 

Invasion of the myocardium has been noted 
with trichinosis (Gould, 1945) and trypanosomi- 
asis, and these may lead to myocardial weakness 
or, rarely, to failure. Extensive replacement of 
the myocardium by granular fibrous tissue, char- 
acteristic of sarcoidosis, was found in a 47-year- 
old white man who died suddenly (Stephen, 
1954) . Ten cases of cardiac hypertrophy and rap- 
idly progressing, fatal, myocardial failure of un- 
known origin were described by Elster and asso- 
ciates (1955). At necropsy the hearts of the 
patients showed striking hypertrophy, degenera- 
tive muscular changes, and subendocardial and 
endocardial focal areas of necrosis and fibrosis 
frequently associated with mural thrombi. No 
other significant abnormalities were found. 

Rheumatic fever and occasionally scarlet fever 
cause acute myoc.ardial weakness which may lead 
to cardiac ddatatjon and death from subacute 
heart failure, with associated engorgement of the 
liver and abdominal viscera, but apparently witli 
minimal dyspnea. The patient may experience 
mild precordial discomfort or occasionally may 
have actual angina and palpitation. Physical ex- 
amination may reveal murmurs which usually, in 
the acute stage, are caused by functional valvular 
insufficiency resulting from the cardiac dilatation, 
but these changes are relatively uncommon in 
young adults. Murmurs may, of course, also be 
present because of structural damage from previ- 
ous attacks of rheumatic fe\cr. The sonvelo- 
graphic recording of the murmurs reveals, in most 
patients svith mj'ocarditis, a deflection in carlj’ 
diastole representing vibrations which may or ma)' 
not be audible and uhich may represent cither 
munnurs or a third hc.irt sound (RiisJuncr et al, 
1054). Tile electrocardiogram m.iy show sinus 
tacb>’cardia. premature heats, prolonged P-Q in- 
terval (0.21 to 0.25 sec.), atrial fibnll.ition, intra- 
ventricular block and cither left or right .axis 
dea-iation. 
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More commonly, actilc infections, and par- 
ticularly (liicases such ns Rocky Mountain 
spotted fever, t>’phus fever and t\’phoid fever, 
arc associated witli peripheral circulatory* fail- 
ure or what might bo called mctlical shock. 
In these diseases the impairment of cardiac 
output results from decrease of effective blood 
volume caused by incrcaserl capillary per- 
meability and stasis rather than direct impair- 
ment of myocardial contractility (Harrell and 
Aikawa, 1949). 

Pericarditis. Acute pericarditis may Ic.ad to 
acute inflamm.itory changes, usually in\oIving 
the epicardium and the outer layers of the 
myocardium. The pericarditis may result in 
effusion and produce acute compression, or it 
may ultimately cause chronic cardiac constric- 
tion through contraction of sear tissue. Acute 
fibrinous pericarditis occurs most often during 
acute rheumatic fe^•cr, but ma\* accompany 
upper respiratory infections, pneumonia, in- 
fluenza, tonsillitis, tuberculosis or uremi.). and 
at limes may occur without apparent cause. 
Chronic cardiac compression resulting from 
acute pericarditis has occasionally been re- 
ported. The following characteristics help to 
distinguish pericarditis from coronary occlu- 
sion: (1) Fever, a friction rub and an in- 
creased sedimentation rate tend t<J occur on 
the first day with acute pericarditis (I..e\y and 
Patterson, 1930), (2) pain is usually present 
(noted in 46 of 50 cases reported by Car- 
michael and associates, 1951), but its location 
in pericarditis is highly variable, and it is 
intensified by respiration, cough or change of 
position; (3) the myocardial damage in peri- 
carditis is diffuse, whereas in infarction re- 
sulting from arterial occlusion it is sharply 
localized. 

Endocarditis. In a surs’ey of 76 fatal eases 
of subacute bacterial endocarditis (Saphir ct 
ah, 1950), N’arious combinations of inflamma- 
tion, perivascular infiltration, Aschoff bodies, 
infarcts and intravascular emboli were found 
in the myocardium. Tachycardia, presumably 
caused by fever, was present in 23, and vari- 
ous types of premature beats in 23 instances. 
Twelve patients showed delay in atrio\’entric- 
ular conduction, and 4, intraventricular block. 
Seventy-five per cent of 61 patients from 


whom serial electrocardiograms were taken 
sliowctl progressive changes. 

MFCIIANJCAL DlSTUJinAXCES 

Trauma. Demonstrable evidence of cardiac 
dam.agc has been found in persons with seri- 
ous accidental trauma to the body. The* myo- 
cardial damage may he associalwl with pre- 
cordial discomfort or slight dyspniM. In many 
instances g.jllop rhylhn>, pericardial friction 
mb and various s\*stolic murmurs arc noted 
momentarily. In a few instances, the clcctro- 
cardiogmms show evidence of pericardi.il or 
myocardial involvement hut only rarely is the 
d.imagc permanent. Desforges and co-workers 
(1955) reported successful suturing of tlie 
right atrium which had been niptured by 
trauma. 

Funnel Chest. Funnel chest of pectus ev- 
cavatum may be bercdilary or, rarely, may 
follow injur\’. It results from posterior dis- 
phacement of the sternum in relation to the 
lower anterior chest wall which maintains Its 
normal position. Serious cardiac embarrass- 
incut is rare, aUhough palpitation and dyspnea 
may lie noted after exercise. 

MKTAliOUC WSTlTnBASCrS 

lI>*pcrthyroidism. Thyrotoxicosis results 
from excessive production of the internal se- 
cretion of the th>Toid gland. Tlic fncrc.iscd 
secretion stimulates the metabolic rate of most 
org.ans of tlic body; the need for blood flow 
may be as much as 50 per cent above normal 
at rest. The disproportion may he even greater 
during exertion. Tlte demand for increased 
blood flow results in an increase in heart rate, 
stroke volume and cardiac output, a slight in- 
crease in mean arterial pressure and a con- 
siderable widening of the pulse pressure and 
a bounding pulse. The demand for increased 
work leads to cardiac dilatation and hyjier- 
trophy. Atrial fibrillation frequent!)' accom- 
panies thjTOtoxicosis and, when it does, it 
adds to the burden of the heart (Griswold and 
Keating, 1949). The th>Toid secretion .also 
acts specifically on the heart itself, directly 
stimulating its metabolism (Goh and Dallam, 
1957). Hyperthyroidism increases the sensi- 
tivit)' of the heart to sjmpathetic stimulation 
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and decreases its sensitivity to vagal stimula- 
tion (Hoffman et al., 1947). This change in 
sensitivity to epinephrine probably accounts 
in part for the tachycardia in hyperthyroid- 
ism. 

Catheterization studies of patients, before and 
after treatment for hyperthyroidism, reveal that 
the excess thyroid hormone caused increased myo- 
cardial oxygen consumption and induced coronary 
arteriolar dilation, the degree of these changes 
being roughly proportioned to the increased heart 
rate and work (Rowe et ah, 1954; Leiter, 1957). 

The condition may he severe enough to lead to 
congestive failure, especially m the presence of 
valvular vascular deformities or when atrial fibril- 
lation develops. The presence of thyrotoxicosis in 
patients with atnal fibrillation makes it exceed- 
ingly difficult to control the rapid ventncular rale 
by digitalis. 

Hypothyroidism. Pulse rate, plasma vol- 
ume, velocity of blood flow and vital capacity 
are low. Venous pressure is approximately nor- 
mal. The cardiac output and the work of the 
heart are decreased below normal, the de- 
crease being relatively greater than that of 
the oxygen consumption, so that the arterio- 
venous oxygen difference is above normal. The 
heart is generally enlarged and the mean ar- 
terial pressure is slightly elevated but the 
pulse pressure is less than normal. Pericardial 
effusion may be present. The bradycardia of 
hypothyroidism is caused by changes of sensi- 
tivity of the adrenergic and cholinergic heart 
effectors to the respective neurotransmilters 
(Hoffmann et al., 1947). 

Cardiac catlieterization reveals normal cardio- 
pulmonary pressures, even when the hearts arc 
enlarged and the electrocardiograms abnormal. 
In 2 persons, cardiac output was reduced out of 
proportion to the low oxygen consumption, and 
right ventricular and pulmonary artery pressures 
rose on exercise, but these patients were in the 
atherosclerotic age group (Leiter, 1957). The 
oxj’gen consumption per milligram of isolated 
atrial and %’entricular mj’ocardium from hypothy- 
roid animals is decreased 25 per cent belorv that 
from normal animals (Goli and Dallam, 1957). 
Since the work of the heart in hypothyroidism is 
apparently decreased both at work and in exer- 
cise, creation of a mild state of hypothyroidism 


has been recommended in congestive heart fail- 
ure. 

Functioning Carcinoid Tumors ( Hypersero- 
toninemia). Carcinoid tumors are believed to 
originate in the secretory chromaffine cells of 
the intestinal tract, principally in the lower 
third of the small intestine. The malignant 
tumors usually metastasize to the liver. Tliese 
cells produce serotonin (5-hydroxytrypta- 
mine) which is converted to S-hydrox-yindol- 
acetic acid and excreted in the urine. Car- 
diovascular phenomena associated with 
malignant carcinoid tumors having metastatic 
growths, presumably caused by excessive for- 
mation of serotonin, include ( a ) fibrotic 
changes in the endocardium of the heart, prin- 
cipally on the right side with accompanying 
pulmonary stenosis; and (b) dilatation of the 
capillaries, venules and small veins of the skin 
ivith associated miliary and gross telangiec- 
tasia and mild thickening of the skin. These 
disturbances lead to nght-sided heart failure 
with progressive exertional dyspnea, fatig- 
ability, dependent edema and preterminal 
signs of pulmonary and tricuspid valvular le- 
sions (Mattingly and Sjoerdsma, 1958). 

Disturbances of Plasma Electrolyte Levels. 
Htjpcrpotasscmia. Hyperpotassemia has been 
produced by administration of 2 to 6 Cm. of 
potassium iodide per day, in the treatment of 
syphilis and in patients with uremia. Serum 
potassium levels as high as 10.5 mEq./l. Ijave 
been recorded (normal about 5 mEq./l. ) dur- 
ing which time the patient may develop acute 
uremia with oliguria, recurrent nausea, epi- 
sodes of bradycardia with symptoms of heart 
failure, and sudden ascending quadriplegia 
without paralysis of trunk or disturbance of 
speech or mental function (Finch and Mar- 
diand, 1943). The heart may have sinus 
tachycardia, supraventricular paroxysmal 
tachycardia or complete A-V dissociation with 
irregularities suggesting ventricular fibrilla- 
tion. 

llypojwtasscmin. Marked lowering of 
scrum potassium from the normal of about 
20 mg./lOO ml. (5 niEq./l.) to 3 to 11 ing./ 
100 ml. (0 8 to 2.8 mEq./l.) occurs during 
attacks in family periodic pamlysis, and as a 
result of loss of potassium in chronic nephri- 
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Figure V.13 Sthwnatic di.igram of tluingc^ tn cIottrcKanliocrnm rrsiilting from abnormal 
cDiHcntratioM of cbitroljtcs. 

Us, in overtreatmeni of adrenal cortical in* Tlilomine Deficiency. Beriberi Heart. Beii* 
sufficiency with dcsowcorlicostcrone. and beri heart disease is cliaractcrired by cn* 
occasionally during treatment of diabetic larged heart with normal sin»is rhythm, de- 
acidosis. Clinical sjTnploms accompanying pendent edema, elevated venous pressure, 
the h>*popotassemia include skeletal musctilar peripheral neuritis or pellagra, nonspecific 
weakness and paralysis which are more changes in the cleclrocsirdiogram, no other 
marked in tlie lower extremities and are ac- evident cause of heart disease, gross de- 
companied by pain and stiffness in the inus- ficicncy’ of diet, and by improvement with use 
cles. Potassium excretion Is not increased of thiamine. Tlie cardiovascular aspects of 
during the attacks of periodic paralysis; the beriberi primarily result from the myocardial 
attacks subside spontaneously. Tlie only car- disturbance caused by the thiamine de- 
diovascular manifestations are those seen in ficicnc)'. The physiologic changes In heart 
the electrocardiogram (Figure V-13). failure from beriberi arc associated with re- 

Hijpocalcemia. Only electrocardiographic duced production of mj’ocardial energy, the 
changes are noted (Figure V-13). proper completion of carbohydrate metabo- 

Hypcrcalccmia. During continuous intra- lism in the citric acid c\"cle being prevented 
venous infusion of calcium chloride into mor- by a block between p)TUvate and acetj’l co- 
phinized or barbitalized dogs, various degrees enzjine A. The utilization of pjTuvate and 
of A-V block and atrial fibrillation are ob- lactate by the myocardium is impaired, as is 
served. These changes occur at calcium con- fattj' acid catabolism. Myocardial extraction 
centrations ranging from 15 to 63 mg./lOO ml. and consumption of ox)'gen are reduced (Lei- 
( Hoff et ah, 1939). ( See Figure V-13. ) ter, 1957). 

Elevated levels of magnesium. Niagnesium Amyloidosis. Gargoylism. Hemochromato- 
injected intravenously into anesthetized dogs, sis. Muscular Dystrophy. Diffuse or nodular 
at levels belosv 5 mEq./l., causes an initial myocardial deposits, and infiltration of the 
drop in arterial pressure, followed by depres- visceral pericardium, endocardium or coro- 
sion and failure of respiration at levels of IS nary arterj’’ with amyloid may be severe 
to 17 mEq./l. (Smith et al, 1939). enough to lead to myocardial failure or may 
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mimic constrictive pericardiumj amyloid de- 
posits in the lungs may lead to cor pulmonale. 
The amyloid may be limited to the heart or 
the cardiac deposits may be associated \vith 
systemic amyloidosis. Gargoijlism (lipo- 
chondrodystrophy) is a rare condition that is 
evident in infancy'. Among other manifesta- 
tions, it may reveal nodular thickening with 
gelatinous material in the valves, especially 
the mitral, and in the coronary arteries. Death 
may result from chronic congestive heart fail- 
ure. Hemochromatosis may' be associated with 
enlargement of the heart and deposits of iron 
pigment in the myocardial fibers and may be 
accompanied by cardiac arrhythmias and con- 
duction disturbances and heart failure. Mus- 
cular dijslrophxj may be associated with myo- 
cardial involvement in about half the cases, 
with evidence of interstitial fibrosis and mas- 
sive scars in the myocardium, leading to 
cardiac failure (Leiter, 1937). 

Chronic Malnutrition. Endomyocardial Fi- 
brosis. Cardiac atrophy may be associated 
with various types of emaciation. Heart fail- 
ure is rarely manifested during the wasting, 
but acute heart failure may appear during 
sudden attempts at renutrition. NttlrUional 
heart disease, characterized by a low cardiac 
output, has been observed in adult urb.inized 
Bantus of South Africa who live on a high 
carbohydrate, very low protein diet. Endo- 
cardial fibrosis, a nutritional disease which is 
responsible for 15 per cent of deaths from 
congestive heart failure in natives of Uganda 
(East Africa), is associated with mitral and 
occasionally tricuspid insufficiency, and endo- 
cardial fibrosis of both ventricles with sub- 
endocardial myocardial necrosis and organiz- 
ing mural thrombosis (Leiter, 1957). 

Some patients ^vith muscular dystrophy have 
l>eeri shou’n by catheterization studies to be on 
the %erge of congestive heart failure (Gaihni et 
al. 1958), 

Hypothermia. In dogs and guinea pigs, 
lowering of body temperature towards lethal 
levels (from 3B to 14° C.) gradiuxlly slows the 
heart rale and the atrioventricular conduction 
rate. After an initial rise during shivering 
(3S to 23* C.), the arterial pressure falls. Tlie 


electrocardiograms at reduced body’ tempera- 
tures show irregularities and, at still lower 
temperatures, atrioventricular block or ob- 
literation of the P waves and nodal rhythms. 
The ventilation rate remains high relative to 
the o.vy'gen uptake until body temperature 
reaches 21 to 17.5° C., when respiratory fail- 
ure occurs. Above these latter temperatures, 
however, external respiration is adequate. 
Myocardial oxygenation remains adequate for 
the work performed at 20° C. if ventilation is 
controlled so as to maintain a norma] arterial 
pH (Jude et al., 1957). 

Blood viscosity increases two- to three-fold 
between 39 and 20° C., principally because of 
hemoconcentration (hematocrit reading at 
39“ C. is 43.9 ± 8.62, and at 20° C., 60.6 ±: 
5.60). Systole and isometric relaxation, and 
the Q-T interval of the electrocardiogram are 
prolonged progressively ( 6- to 7-fold increase 
at 18° C.), while the systole-to-cycle ratio 
tends to remain constant with cooling. Death 
is believed to be cardiac in origin and to be 
caused by inadequate coronary flow and di- 
minished metabolic rate. Tliese changes occur 
regardless of whet))er artificial pulmonary 
ventilation is given (Hegnauer et al, 1950). 

In expenmenlal animals sub)eotecl to occlusion 
of venous inflow and nght ventriculotomy during 
hypothermia, the right atrial pressure was ele- 
vated posloperatively which suggested myocardial 
failure. This could be prevented by administration 
of a rapid-acting digitalis preparation before oc- 
clusion of inflow or by perfusion of tbe coronary 
system with small volumes of oxygenated blood 
(Lombardo et al., 1937). 

Taxic EFFECTS OF DBUCS 

Digitalis. Cardiovnsetdar effects of digi- 
talis. Administration of digitalis to the patient 
witli heart failure improves the circulation !>y 
increasing the cardiac output and llie velocity 
of circulation (Movitt, 1946). Tlicse in turn 
lead to salt-and-watcr diuresis, reduction of 
WockI \olmno and systemic venous pressure, 
and relief of dyspnea, edem.i and other symp- 
toms. 

Tepper ( 1950) uofer! tlie effi-cls of iulnivenoiis 
injection of siroplianlbin. In palienls nithmil 
heart failure, no significant changes were ob- 
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served. Both in patients wth right heart failure 
and in those wth left heart failure, the pulse 
rate and the arterial diastolic pressure dedined. 
In those unth left heart failure, the systemic ve- 
nous pressure increased markedly and respiration 
became slower and deeper. In those with right 
heart failure, the systemic venous pressure fell 
an average of 5 cm. of water. 

Ejects of digitalis on the myocardium. This 
group of drugs acts primarily by increasing 
the functional capacity of the heart (Bloom- 
field et al., 1950) through improved myocar- 
dial contractility. The improved contractility 
is manifested by ability of the myocardium to 
do a greater amount of work at a given initial 
lengtii or, conversely, b>’ its ability to assume 
a shorter initial length if the work remains 
imchanged. The improved cardiac action also 
results from greater and more prolonged sys' 
tolic shortening and, at the same time, more 
complete filling of the ventricles in diastole 
(Walton, 1958). The effects of digitalis are 
not seen in the normal myocardium but be- 
come ei’ident in failing muscle. For a detailed 
discussion of the effects of the cardiac glyco- 
sides on the energy metabolism of the nor- 
mal and the failing heart, see ^^'ollenberger 
(1949). 

Effects of digitalis on heart rate. Cardiac 
slowing produced bv digitalis, particularly in 
tlie presence of atrial fibrillation, also aids in 
improving cardiac efficienc)'. Slowing of the 
heart rate by digitalis represents in part the 
effect of the drug on the cliemoreceplors in 
the carotid body, which in turn reflexly in- 
duces vagal discharge that inhibits the sino- 
atrial node and prolongs the refractor)’ period 
of the atrioventricular node. Tin's effect is 
blocked by atropine. The drug also directly 
affects the sinoatrial node to cause slowing of 
impulse initiation and directl)’ prolongs the 
refractor)’ period of the atrioventricular node, 
since atropine does not prevent cardiac slow- 
ing w’itli larger doses of digitalis. Tliis media- 
nism is particular!)' important in slow'ing the 
ventricular rate during atrial fibrillation 
(Mnvitt, 1946). However, the rise in cardiac 
output when Digo.xin is given in heart failure 
is apparently as pronounced in patients w’ith 
normal rh)ihm as in those with atrial fibrilla- 


tion, and is not correlated with either llie 
initial heart rate or the degree of cardiac slow’- 
ing produced by tlie drug (Kelly and Bayliss, 
1949). Digitalis occasionally has an antifibril- 
lar^' effect w'hich may be attributed to the in- 
crease in refractor)’ period or to the relief of 
dilatation resulting from the inotropic effects 
of the drug (DiPalma and Schultz, 1950). The 
drug appears to ha\'e no effect on the coro- 
nary vessels (Bing ei al, 1950). 

Effects of toxic doses of digitalis. In toxic 
doses, digitalis tends to cause anorexia, nau- 
sea, vomiting, diarrhea, abdominal discomfort 
and restlessness, blurred, yellow vision, men- 
tal confusion, disorientation and psychosis. 
The heart may show abnormal!)’ prolongs! 
atrioventricular conduction (more tlian 0.2 
second), dropped beats and even complete 
atrioventricular block, premature beats, p3J- 
ticularl)’ of x'entricular origin, bigeminal or 
trigeminal rhythm, atrial, nodal or ventricular 
tachycardias, or atrial or ventricular fibrilla- 
tion. The appearance of any of these should 
be taken as an indication for stopping the ad- 
ministration of the drug (Movitt, 1946, Bur- 
well and Hendri.x, 1950). Digitalis in toxic 
doses may lead to increasing severity of heart 
failure, possibly by decreasing the myocar- 
dial efficiency (Batterman and Gutner, 1950). 

Question of additice toxic effects of catciiun 
and digitalis. Since calcium and digitalis haie 
similar effects on the heart, it has been postu- 
lated that administration of calcium may po- 
tentiate the toxic effects of digitalis and vice 
versa. Administration of calcium chloride 
intravenous!)’ to digitalized dogs has led to 
death b}’ x'entricular arrest or x'entriculAr fi- 
brillation. However, it was found that the 
amount of calcium required and the blood 
lex’els reached were only slightly less tlian 
when calcium was administered alone (the 
differences being statistically insignificant), 
and that the electrocardiographic changes 
were identical with tliose of calcium poisoning 
(Hoff et al, 1939; Friedman and Bine. 194S)- 

Digitalis and potassium. In tests on the 
embryonic duck heart, Friedman and Bine 
(1947) noted that absence of potassium led 
to arrh>’thmias and early cessation of beating: 
also that absence of potassium accentu- 
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ated the effects of Lantoside C but that excess 
of potassium inhibited the action of tlie Lanto- 
side. They concluded that, while excess of 
potassium itself depresses the irritability of 
the heart, it may serve as a source of potas- 
sium to a heart which is losing potassium after 
exposure to toxic amounts of digitalis. 

Digiialis in hyperthyroidism. In experimen- 
tal animals witli moderate hyperthyroidism, 
the administration of normal doses, and es- 
pecially of toxic doses, of digitalis led to 
death, frequently with extensive degeneration 
or necrosis of myocardial fibers. In 3 animals, 
premature beats, paroxysmal atrial and ven- 
tricular tachycardias, ventricular fibrillation, 
changes in the diastolic base line, and de- 
crease in amplitude or inversion of T waves 
were noted (Bearing ef cl., 1950). 

Quinidine. This drug is useful in changing 
atrial fibrillation to a normal rhythm and in 
decreasing the incidence of ventricular pre- 
mature beats and fibrillation. It acts by pro- 
longing the refractory period and slowing the 
rate of conduction (DiPalma and Schultz, 
1950). In toxic doses, quinidine causes ano- 
rexia, mild nausea, vomiting, headache, drow- 
siness and tinnitus, syncope, peripheral vascu- 
lar collapse, pulmonary embolism, delirium, 
lemporaiy’ asystole, partial atrioventricular 
block, prolongation of the Q-T interval and 
shgJ?t notching of the T u'ave, and ma)’ even 
lead to ventricular fibrillation (DiPalma, 
1938). 

Quinine. Monkeys with a severe anemia 
resulting from malaria caused by Plasmodium 
knoidesi succumbed to smaller doses of quin- 
ine, given intravenously, than did normal 
monkeys or those with a mild degree of 
anemia. The malaria itself caused minimal 
changes (Ruskin and Rigdon, 1949). 

Nicotinic Acid. Nicotinic acid had no ef- 
fect on “normal” myocardium of isolated per- 
fused hearts. In “failing” hearts, hmvever, 
this substance caused a marked increase in 
amplitude of contraction and a reversal of 
abnormal rhythms (Calder, 1947). 

Emetine. Patients receiving therapeutic 
doses of emetine experience weakness and 
marked decrease in tolerance to exercise but 
no change in blood pressure or heart rate. 


The changes begin to appear about the eighth 
day and disappear during the first to fourth 
week after discontinuing the drug { Charters, 
1950). 

Procaine. Procaine lias been administered 
intravenously for reducing cardiac irregulari- 
ties and for relief of certain peripheral vascu- 
lar disorders. In dogs, 4 to 80 mg./Kg. in- 
creased the width of the QRS complexes, 
prolonged the P-Q intervals, and caused 
ventricular tachycardia and ventricular fibril- 
lation. All except the last changes were 
reversible if the dogs were given artificial res- 
piration (Long et (il, 1949; DiPalma and 
Schultz, 1950). 

Mercurial Diuretics. In the perfused iso- 
lated rabbit heart, Mercuhydrin* caused pro- 
longed atrioventricular and intraventricular 
conduction, prolonged electrical systole, 
dropped beats and cardiac asystole. Thiom- 
erin Sodium “ caused transitory ventricular 
ectopic beats and fibrillation and, in large 
doses, cardiac dilatation and decreased con- 
tractility and shift of the diastolic base line. 
Premedieation with BAL (British nnti-Iewis- 
jfe), ascorbic acid or thiamine tended to ele- 
vate the toxic levels of mercurials. These sub- 
stances were, however, much less effective 
when given after signs of toxicity had de- 
veloped (Ruskin and Johnson, 1949). 

EFrECTS OF s.xrojaN'G 

In normal medical students, smoking causes 
strikingly different patterns of response in dif- 
ferent individuals, but the persons can be 
grouped to some e.xtent. Those who }ia\'e one 
parent, and especially those who have both 
parents with hypertension, have larger con- 
trol cardiac outputs, and show greater in- 
creases (-1-14 per cent) in cardiac output than 
do those with non-hjqicrtensive parents (-f-2 
per cent). In general, those persons also have 
a greater increase of systolic pressure and 
heart rate, but not pulse pressure or stroke 
volume, than do persons without a family his- 
tory of hypertension. Coronars* disease in the 

• Mprcuhydrin is m.inufaclurcd by LaVeside Labo- 
ratories, Inc., Mibsaxikec, \\’i<consin; Tlilomcrin So- 
diuin, by Campi)ell PbannacciiUcal Co , Xc\v Vorl, 

N. Y. 
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parents is not associated with any augmenta- 
tion of the responses (Thomas ef ah, 1956). 

Cathetenzation studies reveal that cigarette 
smoking in patients w’ithout heart disease results 
in a significant rise m coronary blood flow and 
heart rate and a significant decline in coronary 
vascular resistance and in the myocardial extrac- 
tion of oxygen and glucose. No evidence of coro- 
nary xxisoconstriction was noted (Bargeron et ah, 
1957). 

Injections into a coronary artery of 0.05 ^g. of 
nicotine per Kg. of body weight cause a small 
decrease in cardiac contractility in anesthetized 


dogs; injections of 0.25 per Kg. of bodj’ weight 
increase coronary flow and myocardial contrac- 
tility. The latter effects are similar to those elic- 
ited by injections into a coronary arter>' of epi- 
nephrine or arterenol and are completely blocked 
by injections of 0.1 mg. of tetraethylammonium 
per Kg. of body weight. Injections of 0.5 mg. of 
nicotine per Kg. of weight elicit the coronary 
chemoreflex and decrease coronary flow’. These 
effects are abolished by bilateral vagotomy. All of 
the above are believed to be a result of the nico- 
tine upon s>Tnpathetic and parasj-mpathetic gan- 
glia in the heart (West et ah, 1956). 


5. HEART FAILURE 


Associated Circulatory Conditions 

RELATION OF MYOCARPtAL WORK LOAD 
TO HEART FAILURE 

Heart failure may best be defined as the 
inability of the myocardium to meet the cir- 
culatory demands placed upon the heart. The 
circulatory demand, which may be expressed 
as myocardial work, is the minute output of 
a ventricle multiplied by the mean pressure 
which the myocardium must develop within 
the ventricle to eject this quantity of blood. 
Increased pressure of ejection may be re- 
quired cither because of elevation of pressure 
in the arterial circuit or by narrowing of the 
orifice through which the blood must pass 
upon leaving the ventricle. Increased volumes 
of blood must be ejected in various conditions 
in which the demands by the tissues for blood 
is increased and also whenever valvular or 
septal defects are present whicli allow re- 
gurgitation of the ejected blood (Table V-2). 
^\'heneve^ the volume of blood to be ejected 
or the pressure required exceeds the capacity 
of cither ventricle, heart failure ensues. 

RELATION OK MVOC.VRDIAL EFFICIENCY 
TO IIFJVRT FAILURE 

In the absence of increased work demands, 
the heart may fail if the amount of cnergj' 
which may he developetl hy the contracting 
inyocardiiini is impaired (Tahle IV-2). 

Myocardial Weakness. According to Raab 
(195-1), myocardial weakness is the principal 


cause of congestive failure. He believes such 
weakness to be caused by the detrimental 
effect of exaggerated adrenosympathogenic 
catecholamine action on the myocardial ori- 
dative energ>’ economy. Acting jointly xs'uh 
the above is the influence of adrenal mineralo- 
corticoids on myocardial electrolyte balance 
(increase of intracellular Na+ and decrease 
of K+ ). He believes that digitalis e.xerts its 
beneficial influence by correcting the effects 
of cardiac metabolism in both hTses of over- 
activity. 

Limitations for Myocardial Work in Non- 
hypertrophied Heart with Normal Blood Sup- 
ply. In the nonhj’pertrophied heart w’ith a 
normal coronary circulation, the limits in the 
work output of the heart are probably deter- 
mined by the mass of muscle and the amount 
of energy which can be developed by this 
mass. Angina, indicative of relative myocar- 
dial ischemia or anoxia, is not seen. 

Limitations Imposed by the Coronarj’ Cir- 
culation. Limitation of production of energy 
by the myocardium may also be caused by 
inadequate blood supply in coronarj’ insiiffi- 
cienc>’, i.c., by narrowing without complete 
occlusion of the coronarj' vessels (Bing cl ah, 
1349) and in various forms of anoxia: (a) 
respirators’ anoxias, including cyanotic tj’pes of 
congenital Iieart disease in which the lilood is 
insufficiently oxygenated; (b) anemic anoxia. 
Midi as is seen with decreased conccntrat{<n> 
of hemoglobin or red cells and m carbon mon- 
oxide poisoning; (c) stagnant anoxia, such as 
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TABLE V-2 

Factors Causing or Contnbutmg to 
Heart Failure 

I Mechanical overloading of heart 

A. Increased resistance to ejection of blood by 

left ventricle 

1 Stenosis of orifice of aortic valve w lumen 

of aorta 

2 Coarctation of aorta 

3. Systemic arterial hypertension (elevation 
of mean arterial pressure) 

‘I. Adhesions between ventncle and chest 
wall 

B. Increased resistance to ejection of blood by 

right ventncle 

1. Stenosis of orifice of pulmonary trunk 

(tetralogy of Fallot) 

2, Pulmonary hypertension resulting from 

a. Pulmonary arteriolar sclerosis 

b. Pulmonary emphysema 

c. Mitral stenosis 

d. Left ventncular failure 

e. Patent diichis arteriosus or persistent 

tnincus artenosus 

C. Excessive demand for output affecting left 

ventncle only 
1. Aortic insufficiency 
2 Mitral insufficiency 
3i Patent ductus arteriosus 

D. Excessive demand for output affecting right 

ventncle mainly 

1, Patent septa! defects, particularly of atna 

2. Eisenmenger complex (ventncular septal 

defect with dextroposition of aorta) 

E Excessive demands for output affecting both 
ventncles 

1. Artenovenous fistula 


2. Excessive exercise 

3 Hyperthyroidism 

4 Anemia 

5. Anoxia (all types) 

6. Excessive blood volume (as after trans- 

fusion, infusion, and overdosage with 
d esoxycorticDSf erone ) 

7. Fever (artificial or accompanying infec- 

tions ) 

8. Coughing 

9 Digestion of large meals 
10 Pregnancy 
11. Ventricular septal defect 

11. Primary m>ocardial insufficiency 

A. Loss of myocardial fibers 
!. Myocardial infarction 

2 Diffuse myocardial fibrosis 

B. Impaired myocardial circulation 
1 Coronary insufficiency 

a. Narrowing of coronary vessels 
b Excessive myocardial hypertrophy 
2. Excessive tachycardia 

3 Anoxia 

a. Respiratory 

b. Anemic 
c Stagnant 
d. Tissue 

4. Aortic stenosis or insulBciency 

C. Impaired myocardial contractility 
1 Myxedema 

2. Thiamine deficiency 

3. Myocarditis 

111 Impaired cardiac filling 

A. Excessive tachycardia or cardiac irregulantiev 

B. Adhesive pericarditis 

C. Cardiac tamponade 


is seen after prolonged arterial hypotension; 
and (d) tissue anoxia, such as seen with cya- 
nide poisoning. The third may he seen after 
injection of excessive quantities of the coro- 
nary constrictor agent, pitressin Tire last may 
develop as a result of administration' of epi- 
nephrine, since this substance may increase the 
oxygen consumption more than it increases 
the work output of the myocardium. Reduc- 
tion in work output of the myocardium, of 
course, also results from necrosis of myocar- 
dial tissue following coronary occlusion. Ex- 
cessive increase in right ventricular pressure 
may seriously limit right coronary blood flow, 
leading to right ventricular failure. In the 
presence of myocardial hypertrophy, cardiac 
work is usually increased at rest, hut the 
hypertrophy is not accompanied by a corre- 
sponding increase in the blood supply. A? a 
consequence, the maximum increase in the 


work of such hypertrophied heart during ex- 
ertion will be less than that of the normal 
heart. In myxedema and thiamine deficiency 
and probably in the various forms of acute 
myocarditis, Uie decrease in the ability' of the 
myocardium to meet the work demands is 
probably caused by a rlecrease in the amount 
of energy w’liich can be developed per gram 
of mj'ocardium (Katz, 19-10). The myofibrils 
may be physicochemically altered, leading to 
inefficient utilization of the energy’ for con- 
traction; improvement with digitalis may’ he 
caused by’ an action on the mitochondria, the 
presumed site of energy’ production In the 
myocardial fibril (Leitcr, 1957). 

Extra-cardiac Factors Limiting Myocardial 
Work. Reduction in devefoptnent of energy 
and ejection of blood by the heart may result 
from cardiac tamiKinade or from cxinstr/ctive 
pericarditis, both of wbicb interfere with fill- 
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ing of the ventricles and may produce symp- 
toms similar to heart failure. 

RESPONSE OF MYOCARDIUM TO INCREASED 
WORK LOAD 

Starling’s Law of the Heart. Increase in the 
initial length of the ventricular muscle fibers 
increases the energy released during the en- 
suing systole. The increased length is brought 
about by augmenting the volume of blood in 
the ventricle at the end of diastole, and 
is accompanied by an increase in the initial 
tension, i.e., by an increase in the pressure in 
both the ventricle and the atrium at the end 
of diastole. The extra energy may be used by 
the ventricle to eject a larger volume of blood 
against the same arterial pressure, to ejert the 
same volume of blood against a higher ar- 
terial pressure, or to do both. If, however, 
the distention of the ventricle exceeds a criti- 
cal limit, its ability to eject blood begins to 
decrease progressively wnth further increase in 
diastolic size; the heart is then in a stage of 
decompensation or acute failure (McMichael, 
1950). The normal heart, however, often does 
not increase in size svith moderate increase in 
work, and may even decrease in size (Rich- 
ards, 1949). 

FACTORS LEADINC TO INCREASED DIASTOUC 
VOLUME OF VENTRICLE 

Increased Venous Return. An increased 
atrial pressure may be brought about by trans- 
fusions, by mobilization of blood from blood 
reservoirs such as the liver and spleen, by 
expressing blood from the muscle during ex- 
ercise, or by the occurrence of shunts or ar- 
teriolar dilatation. In addition, acute increase 
in venous return in edematous patients may 
■ occur at night because of resorption of the 
edema fluid. As a result of the increased 
diastolic filling, the normal ventricle is en- 
abled, within limits, to eject larger volumes 
of blood per beat. Increased left ventricular 
diastolic size is also brought about by regurgi- 
tation through an insufficient aortic valve; and 
increased right ventricular initial length, by 
atrial and ventricular septal defects. 

Increased Resistance to Ejection. VHien the 
work load is increased by elevation of the 


art^-ial pressure, the heart, for a few heats, 
fails to eject as much blood as it had pre- 
viously. This leaves a residuum in the ven- 
tricle which, combined with the normal I'e- 
turn during the next few diastoles again 
increases the initial length, and therefore tJie 
energy, which can be released by the ven- 
tricle during the ensuing systole. As a conse- 
quence, the ventricle is then enabled to eject 
the normal amount against the higher arterial 
pressure. 

ETFECT OF CHRONIC INCREASE IN DIASTOUC 
S’ENTRICULAR VOLUME 

Increase either of venous return or of ar- 
terial resistance leads to dilatation of the veil- 
tricles. Such dilatation disappears immedi- 
ately if the work load is reduced but with 
persistence of increased work load, such as is 
seen with valvular defects, the dilatation is 
maintained. After a period of days to weekSi 
the dilatation leads to hypertrophy of the 
muscle fiber, tlius increasing the work which 
can be done during a given sy'stole and rs*- 
suiting in return of the initial ventricular vul- 
umes toward normal but, of course, never 
completely back to normal. The hypertropli)’ 
may eventually disappear if the vv’ork load is 
retiuned to normal but if the increased work 
load persists indefinitely, the hypertrophy is 
YiVewise maintained (Had el fll., 1^53). Tur- 
ther augmentation in vvork load, as by addi- 
tional damage to the v’alve, leads to further 
dilatation followed by increased hypertrophy- 
Eventually, if the work load is progressively 
increased, a stage is reached in which th^ 
muscle mass has increased out of proportioil 
to the coronary blood supply. Further in' 
crease in the work demands of the lieart then 
cannot be met, owing to inability’ of the coro-- 
nary’ vessels to supply’ sufficient blood, and 
leads to chronic failure (Shipley et al., 1937)/ 

MYOG.ARDIAL METABOLISM 

Patients witli heart failure resulting from 
v'alvular heart disease, have a decreased oxy- 
gen saturation of the coronary’ venous blood 
and an increased arteriovenous oxygen dif- 
ference in concentration which appears to be 
correlated with tlie magnitude of ventricular 
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dilatation. The blood flow and oxygen con- 
sumption per 100 grams of left ventricle are 
within normal limits. These patients have no 
defect in production of aerobic oxidative en- 
ergy but fail to convert oxidative energy into 
effective mechanical work (Goodale et ah, 
1950). 

FUNCTIONAL DISTUBBANCES IN ACUTE 
HEART FAILURE 

The phenomena accompanying failure of 
the heart may be divided according to 
whether they occur with acute failure or with 
chronic failure. To some extent they are sim- 
ilar and overlap. Acute heart failure, in many 
respects, resembles traumatic or hemorrhagic 
hypotension and shock. Acute heart failure 
may be initiated by phenomena, such as sud- 
den onset of extreme tachycardia, myocardial 
injury resulting from coronary occlusion, or 
cardiac tamponade caused by rupture or a 
stab wound of a vessel. It may also be pre- 
cipitated in a patient with mild chronic heart 
disease by strenuous physical activity; by 
minor respiratory infections, particularly if 
cough is present; abruptly with onset of 
tachycardia; or following absorption of de- 
pendent edema on retiring (nocturnal dysp- 
nea, “cardiac asthma”) (Orgain and Stead, 
1957). 

Symptomatology. Symptoms and signs in- 
clude weakness, faintness, diminished mental 
alertness, pallor, cold moist skin, feeble, 
thready, rapid pulse and diminution of blood 
pressure and, in coronary occlusion, persistent 
anginal pain. In addition, dyspnea, orthopnea 
and pulmonary edema may be present, and 
peripheral veins may be normal, distended or 
collapsed. 

In experimental animals, the left ventricle and 
pulmonary circulation were found to contain 13 
per cent of the blood vohune. Acute left heart 
failure, produced by partial constriction of the 
ascending aorta, led to a 70 per cent increase in 
the volume of blood in tliese structures; acute 
right heart failure, produced by partial constric- 
tion of the pulmonary artery, led to a 48 per cent 
decrease (Lindsey ct al., 1957). 

Cardiac Output. Measurements of cardiac 


ou^ut in acute heart failure are not available 
in any quantity, probably because of the 
poor condition of the patient. However, the 
current consensus seems to be that the output 
is reduced below normal for the patient. As 
a consequence of the reduced stroke volume 
output by the heart, the pulse pressure be- 
comes narrow and the pulse thready. The 
lowered arterial pressure causes reduced cere- 
bral blood flow, resulting in weakness, faint- 
ness and diminished mental awareness. 

Pulmonary Edema. A large infarct, involv- 
ing principally the left ventricle, causes a sud- 
den reduction of output of the left ventricle 
with respect to the output of the right ven- 
tride. This leads, therefore, to a progressive 
increase in pressure in the left atrium and ulti- 
mately in the pulmonary capillaries, with in- 
crease in the filtration pressure and occurrence 
of pulmonary edema and orthopnea. The de- 
gree of pulmonary edema probably depends 
on whether duonic congestive heart failure 
has been present prior to the onset of the 
acute coronary occlusion. 

Venous Pressure. Peripheral venous disten- 
tion may not be marked in the absence of 
an increase in blood volume; in fact, the 
peripheral veins may actually be collapsed, 
possibly because of venous constriction in 
response to the decreased minute volume of 
circulation. 

FUNCTIONAL DISTURBANCES IN CHRONIC 
CONGESTIVE HEART FAILOTE 

Symptomatology. Chronic heart failure 
(Table V-2) is characterized by a gradual 
onset with repeated attacks of mild heart fail- 
ure witli e.xertion, gradually progressing to 
heart failure, even at rest, if the cardiac lesion 
becomes severe enough. SjTnptoms and signs 
which may result from chronic heart failure 
indude dyspnea on exertion and, if severe, 
even dyspnea at rest, venous distention, 
edema, ascites, hydrothorax, enlargement of 
the liver, cyanosis, pulmonary edema, cough, 
tachycardia, cardiac enlargement, cache.xia, 
ktigue and albuminuria. 

Severity of Chronic Heart Failure. Heart 
failure may be graded as mild, moderate or 
severe, Tiic classifications here given are 
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slightly modified from those of the New York 
Heart Association (1953, page 81). 

Class I. No heart failure (cardiac disease 
\vithout limitation of physical activity). In 
this class are placed persons with cardiac dis- 
ease, if ordinary physical activity does not 
produce symptoms referable to the heart. 

Class II. Mild heart failure (cardiac dis- 
ease resulting in slight limitation of physical 
activity). At rest, symptoms are absent, car- 
diac output is normal, and the ratio of tissne 
oxygen supply to metabolic demand is nor- 
mal. Ordinary physical activity may result in 
fatigue, palpitation, dyspnea or anginal pain, 
and the oxygen index is slightly below nor- 
mal. With severe exertion, cardiac output fails 
to increase in proportion to the exertion, 
marked dyspnea is induced, and there is a 
considerable increase in arteriovenous o.xygen 
difference and reduction in the oxygen in- 
de.x. 

Class 111. Moderate heart failure (cardiac 
disease resulting in marked limitation of 
physical activity). Less than ordinary actiWty 
causes fatigue, palpitation, dyspnea or an- 
ginal pain. No sjmptoms are noted at rest 
but the cardiac output is slightly decreased 
below normal, with a resxilting slight increase 
in arteriovenous oxygen difference and re- 
duction in the oxygen index. With moderate 
exertion, the cardiac output fails to increase 
adequately, causing severe dyspnea, a con- 
siderable increase in the arteriovenous o.xygcn 
difference, and a marked reduction in the 
oxygen index. 

Class IV. Severe heart failure (cardiac dis- 
ease resulting in inability to carrj’ on any 
physical activity without discomfort). Even 
at rest, symptoms of cardiac insufficiency or 
of the anginal syndrome may be present. The 
cardiac output and ox>’gen index may be re- 
ducetl considerably and the arteriovenous 
oxygen difference increased. Discomfort is 
increased b)- any pli>’sical effort. \^er\’ little 
wcrc.tsc in cardiac output occurs w/tli mod- 
erate exertion or such e.xertion may c\en lead 
ti> a reduction in cardiac output, marked in- 
crease iu arteriovenous oxygen differeuce and 
reduction in the oxygen index. 


Right vs. Left Heart Failure. Iinpainnenl 
of right ventricular function. Primar)’ chronic 
right-sided heart failure (cor pulmonale) usu- 
ally results from parenchymatous disease of 
the lung or obstruction of pulmonary blood 
flow, it may result from primary pulmonary 
hypertension or repeated small pulmonary 
emboli. Such failure is characterized by dysp- 
nea, cyanosis, polycythemia, clubbing of the 
fingers and toes, elevation of systemic venous 
pressure, enlargement of the liver and sys- 
temic edema. 

Experimental studies in animals indicate that. 
In the absence of pulmonarj’ arterial hj'pertension 
or stenosis, it is possible to maintain circulation in 
the face of severely impaired right ventricular 
function per se. However, this usually requires 
an increase of blood volume and associated elei’a- 
tion of venous pressure, ascites and peripheral 
edema. Pulmonary congestion will be absent 
(Boucek et al, 1952; Donald and Essex, 1954; 
Rose et a!., 1956). 

^Impairment of left ventricular function. Ex- 
perimental pure left-sided failure may be pro- 
duced by sudden opening of a shunt between 
the subclavian artery and the left atrium in 
dogs. Such failure causes acute left ventric- 
ular dilatation and fibrillation, a rise in left 
atrial pressure, and congestion and edema of 
the lung, and occasionally hj-pertrophy of 
the media of the small muscular arteries of 
the pulmonary bed and thickening of the 
intima of the pulmonaiy' arterioles hut does 
not lead readily to increase of blood volume 
or to systemic congestion (Boucek el at, 1932; 
Rodbard ct al., 1956). 

Cardiac Output. No absolute level of car- 
diac output is necessarily associated with 
heart failure. In otherwise normal patients 
with a disturbance limited to the myocar- 
dium, such as a myocardial infarction, or with 
a stenotic valmlar defect, there may he mild 
cardiac failure. The cardiac output at rest may 
l>c williin normal limits hut, with exertion, the 
cardiac output faffs to increase to the e\tent 
that it would in nonn.il persons. The more 
severe the cardiac failure, the less is the in- 
crease iu output with exercise until, xvitli 
dyspnea, cardiac output is reduced below 
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normal, even at rest (low-output failure). In 
some instances, heart failure may be present 
at rest with an output which would be re- 
garded as normal or even above normal, but 
almost invariably these persons have an asso- 
ciated anemia, an elevated metabolic rate or 
a structural defect such as patent ductus ar- 
teriosus or arteriovenous fistula (high-output 
failure; Stead, 1949). In hypothyroidism 
(myxedema), on the other hand, the cardiac 
output may fall to low levels without the de- 
velopment of cardiac failure (Orgain and 
Stead, 1957). 

Systemic Blood Flow. Concurrently with 
the decrease in cardiac output, systemic blood 
flow is reduced. Arterial pressure, however, 
is often not decreased. Normal arterial pres- 
sure is maintained as the result of peripheral 
systemic vasoconstriction which is probably 
induced reflexly. 

The vasoconstriction is evident in the slcin 
and Hdneys. Cutaneous vasoconstriction may 
be, in part, responsible for the slight fever 
occasionally seen in patients with cardiac 
failure. Vasoconstriction in the kidney is usu- 
ally quite intense in congestive heart failure 
and may diminish renal blood flow to as little 
as one-third of normal (Stead, 1948). The 
reduced renal flow is probably responsible 
in part for the retention of salt and water 
u’hfdr oanfribufes to the edema in iteart fail- 
ure. Cerebral blood flow was found by 
Scheinberg (1950) to decrease in proportion 
to the cardiac output in heart failure. Cere- 
bral oxygen consumption was significantly re- 
duced below normal, and the cerebral arterio- 
venous difference in oxygen concentration and 
the cerebral vascular resistance to flow both 
increased. Tlie hepatic (splanchnic) blood 
flow in 13 patients with cardiac failure w-as 
found to be 200 to SOO (average 535) ml. per 
sq. M. of body surface. In 14 control persons 
the hepatic blood flow was 600 to 1160 (av- 
erage 850) ml. per sq. M. of bod>' surface, 
in the first group the difference in concentra- 
tion of ox>’gen between artery and Iiepatic 
vein was 5.5 to 12.8 ml. per 100 ml. of 
blood, whereas in the controls the difference 
was 3.3 to 5.9 ml. O, per 100 ml. of blood. 


Tlie reduction in hepatic flow, in contrast to 
that in tlie kidney, \vas found to be roughly 
proportional to the simultaneous decrease in 
cardiac output (Myers and Hickam, 1948). 

Oxygen Index. Perhaps the most constant 
finding in all types of heart failure is a dis- 
proportion between the cardiac output and 
the metabolic rate (Briggs ef al., 1948), ie., 
the ratio of the oxygen supplied by the blood 
to the tissues per minute, to the metabolic 
rate of oxygen taken up by the tissues per 
minute. Little (1949) called this ratio the 
oxygen index (O.I.). It may be expressed 
mathematically as follows; 

Q j _ O, supply/sq. M. 

Og consumption/sq. M, 

_ Arterial O g (ml./lOQ ml. blood) 

A-V O 2 difference in ml./lOO ml. 

Variations in oxygen index in heart failure. 
The o.xygen index is reduced at rest and is 
markedly reduced with exertion in many 
forms of heart failure, particularly congestive 
heart failure, the degree of reduction depends 
on the severity of tlie symptoms associated 
with the exertion. Hickam and Cargill (1948) 
plotted the arteriovenous oxygen difference 
against tlie oxygen uptake and found that, in 
normal persons, large increases in ox>’gen con- 
sumption with exercise are accompanied by 
only slight elevations fn arteriovenous oxygen 
difference. In other words, the cardiac out- 
put parallels the metabolic demands of the 
tissues. In patients with congestive heart 
failure, however, exertion may be accom- 
panied by a marked increase in the arterio- 
venous difference in level of oxygen. In such 
patients the cardiac output has failed to in- 
crease in proportion to tlie ox>’gen consump- 
tion. In patients with mitral stenosis without 
congestion, cardiac output and artcriiA'eiious 
differences are normal at rest; however, jn 
these patients also the cardiac otitpiit does 
not increase normally uith e.vercLc and. ns a 
result, a mncli greater increase in arterio- 
venous difference is seen in those patients 
than in normal persons (low-output failure) 
(Hickam and Cargill, 1948). 

Cardiac output does not increase with 
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anemia until the hemoglobin is reduced to 
around 7 grams per 100 ml. With hemoglobin 
below this level, cardiac output at rest pro- 
gressively increases, but the oxygen supplied 
to the tissues is always proportionately less 
than tlie metabolic rate, with the result that 
the arteriovenous difference is always in- 
creased. A still further marked reduction in 
the ratio of oxygen supply to o.xj'gen demand 
is obserx'ed with e.xertion, particularly in the 
presence of heart failure (high-output failure) 
(McMichael, 1947). 

Pulmonary Edema. Pulmonary’ edema may 
be seen following e.xercise, sudden mechanical 
overload of an impaired left ventricle, in 
severe mitral stenosis or following sudden 
reduction of contractile myocardium by myo- 
cardial infarction, and in coronary insuffi- 
ciencj’ involving preponderant!)’ the left ven- 
tricle; i.e., in any condition in which the left 
atrial pressure may be abnormally elevated, 
leading to elevation of pulmonary capillary 
pressure. The occurrence of edema depends, 
of course, upon a reasonably adequate func- 
tioning of the right ventricle which must de- 
velop sufficient pressure to raise the pulmo- 
nary capillary pressure above the oncotic 
pressure of the plasma proteins. In patients 
with moderate chronic heart failure with in- 
crease in blood volume and dependent edema, 
pulmonar)’ edema is especially likely to de- 
velop upon retiring and to lead to tlie phe- 
nomenon of nocturnal dyspnea or cardiac 
“asthma.” Tliis is the result of mobilization 
into the blood of tissue fluid which xvas en- 
trapped in the dependent portions while the 
patient was erect. This phenomenon may at 
limes be predpitated by an exciting dream 
which presumably serves to mobilize extra 
blood from the blood rescr\’Oirs ( Hilden. 
19-19, Orgain and Stead, 1957). 

Pulmonaiy edema may be initiated also by 
irritating pulmonary poisons which change 
the pcrmcabilih* of the capillaries and by 
lowering the concentration of plasma pro- 
teins. As pulmonaiy congestion develops, the 
ox)'gcn tension of the arterial blood begins to 
decline, but the oxygen concentration (satura- 
tion) is not appreciably affected because of 
the associated hj’perx’cntilalion. Howcwr, if 


ventilation is even slightly impaired, the ox>'- 
gen concentration of the arterial blood may 
be markedly low’ered (Orgain and Stead, 
1937). 

Therapy of pulmonary’ edema is most successful 
when utilizing morphine, mercurial diuretics and 
sjTnpathetic blocking drugs, oxygen therapy, pres- 
sure respiration or x’enesection. Most of these 
tend to reduce venous return and cardiac output. 
They may be helpful in patients in whom the 
edema is associated xvith a full pulse and high 
blood pressure and cardiac output (group I) but 
they may induce shock in patients who have low 
cardiac output and arterial pressure (group II) 
(Luisada and Carcii, 1956). 

Blood Velocity (Circulab'on Time). Esi- 
dence for increased pulmonary' capillary’ pres- 
sure in mechanical overloading of the ven- 
tricle and in mitral stenosis is found in 
decreased velocity' of blood flow’ through the 
lungs. This can be estimated from arm-to- 
tongue circulation time. Since the circulation 
time is prolonged relatively much more than 
the cardiac output is reduced, one must as- 
sume that tlie vascular system between the 
arm veins and tlie tongue, including princi- 
pally the pulmonic capillary’ bed, is dilated 
and thereby leads to a more sluggish rate of 
flow. 

Blood Volume. Most autliors agree that 
blood x’olume is increased in chronic heart 
failure, particularly’ in the presence of sys- 
temic congestion (Perera, 1945). Tlie in- 
creased blood volume closely parallels the 
increase in total w’cight of the body and the 
degree of edema (Funkliouser, 1957). An 
increase in the total number of cirailaling 
red cells (Gunton and Paul, 1955; Nylin,1955) 
and an increase in the total number of grams 
of circulating protein are also seen in heart 
failure, but the concentration of protein and 
of red cells is less than normal. 

Sodium Chloride and Water Excretion. 
Studies in congestive heart failure indicate 
a reduction in excretion of salt and water 
(Borst, 1948). Retention of sodium appears 
to be the primary’ factor for the following 
reasons: (a) Patients with congestive failure 
may* be relieved of their edema without re- 
striction of water intake, provided that cither 
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sodium intake is restricted or diuretics, which 
increase sodium excretion, are administered, 
(b) if cardiac patients who have just re- 
covered from edema are given sodium dilo- 
ride, they rapidly reaccumulate edema; on the 
other hand, if they are given free access to 
water, edema does not increase and may even 
be reduced; (c) the effect of the sodium chlo- 
ride seems to be related to the sodium ion 
since administration of sodium bicarbonate in- 
creases edema, whereas administration of am- 
monium chloride leads to a reduction of 
edema (Stead, 1948; Friedberg, 1957). 

This reduction in sodium excretion may be 
brought about by at least two mechanisms 

(a) A reduced glomerular filtration parallels 
the reduction in cardiac output. Sodium ex- 
cretion decreases rapidly as glomenilar filtration 
falls and ceases when the sodium load presented 
to the kidney falls below 3.9 millimoles per min- 
ute in each kidney. Thus, sodium excretion may 
be reduced relatively more than cardiac output, 
renal blood flow or glomerular filtration. 

The decreased excretion of sodium does not 
appear to be related to diminution in any specific 
tubular function since the maximum tubular capa- 
city for excretion of para-aminohippurate and for 
reabsorption of glucose are within normal limits; 
there is relatively little difficulty tn excreting 
water, potassium or non-electrolytes; and the abil- 
ity to excrete hydrogen ions and ammonia remains 
good (Grossman et al., 1950, Orgain and Stead, 
J957). The reduction in renal blood flow and the 
renal efferent arteriolar constriction in congestive 
failure do not appear to be the result of reflexes, 
they may be initiated by a humoral mechanism 
(Merrill et al., 1946, Mokotoff and Ross, 1948, 
Selkurt et al., 1949). 

(b) In congestive heart failure 95 to 98 per 
cent of the filtered sodium (instead of the nor- 
mal value of 90 to 95 per cent) is reabsorbed. 
This increased reabsorption may be more im- 
portant than the reduction in glomerular filtration 
in explaining the retention of sodium in the body 
in congestive failure. There is some specific stimu- 
lus to the tubules to reabsorb sodium (Burch and 
Rcaser, 1946; Merrill, 1949). This stimulus may 
be an increased rate of secretion of aldosterone 
(the electrolyte retaining hormone) by the adrenal 
cortex, since tills hormone appears in greater con- 
centration in the urine in heart failure. AdrCTiab 
ectomy decreases tlie edema of heart failure, pre- 
sumably without increasing glomerular filtration. 


On the other hand, aldosterone-producing tumors 
do not cause edema in the absence of heart fail- 
ure. Two mechanisms may therefore operate syn- 
ergistically (Orgain and Stead, 1957). Hypo- 
physectomy reduces but does not abolish the 
aldosterone secrefaon that occurs when cardiac 
output is reduced by thoracic inferior vena cava 
constriction. Therefore aldosterone secretion is 
not dependent solely on the hormone of the pos- 
terior pituitary (Davis et al , 1957). 

Water is also retained with the sodium, 
probably in an attempt by the body to main- 
tain osmotic equilibrium rather than a direct 
effect from the mechanism leading to the so- 
dium reabsorption. Increased secretion of 
Pitressin by tlie pituitary body may be re- 
sponsible for retention of water wliich accom- 
panies salt retention. An antidiuretic factor 
has been extracted from the urine of patients 
with congestive failure; however, it does not 
have the characteristics of commercial Pitres- 
sin (Bercu et al., 1950). 

Impairment of liver function may be re- 
lated to production of edema in chronic con- 
gestive failure, ^vhich in turn may be tlje 
result of inability of the liver to inactivate an 
antidiuretic factor (Zak, 1949). In line with 
this hypothesis, is the observation tliat di- 
uretic therapy is more effective in the pres- 
ence of a normal liver (as determined by 
biop-sy of tissue removed by needle) than 
^vhe^ the liver shows evidence of cirrhosis 
(White et ah, 1951). 

Elevation in Central Venous Pressure. 
Common accompaniments of cardiac failure 
are a rise in the central venous pressure and 
distention of the central systemic veins. Tliree 
mechanisms could be responsible: (a) acute 
failure of the right ventricle to remove blood 
from the central venous reservoir at the same 
rate that blood is returning from the periph- 
ery. Tliis mechanism would be comparable to 
that leading to a rise in left atrial and pulmo- 
nary capillary pressure seen in acute failure of 
the left ventricle; (b) an increase in total 
blood volume with resulting distention of all 
the blood vascular system. Since the central 
venous reservoir is the roost distensible, this 
might be expected to contain the greatest 
quantity of added blood volume; and (o) a 
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reduction in vascular capaciU' (venous con- 
striction). It is probable that all three media- 
nisms play a part. 

Role of Impaired Cardiac Ejection. With 
exercise, the central venous pressure rises 
slightly in normal persons and markedly in 
patients with cardiac disease. In both, the rise 
may be cavrsed by increased venous return. 
Howe\’er, in patients with cardiac disease, 
the increased return may cause such an in- 
crease in the diastolic volume of the heart 
that the heart decompensates, with the re- 
sult that the cardiac output per beat is 
reduced by the overdislension. This would 
lead to further retention of blood in the ven- 
tricle (Nylin, 1955) and to a rise in the cen- 
tral venous pressure. 

Role of Blood Volume. Venous pressure 
rises only late in congestive failure, after a 
considerable increase in blood volume has 
occurred, and returns towards normal before 
the blood volume is restored to normal. Fur- 
thermore, the venous pressure after death m 
persons who die of congestive heart failure 
is much higher than in those who die from 
other causes (Starr, 1940). Tlie increase in 
blood volume appears, therefore, to be a cause 
of the rise in central venous pressure rather 
tlian the reverse. 

Role of Reduction of Vascular Capacity. 
In heart faUure from anemia, the blood vol- 
ume is below normal and the cardiac output 
is above normal both at rest and during exer- 
tion, but the central venous pressure, whOe 
normal at rest, becomes ele^'atcd with fail- 
ure. Tliis can be explained only by a reduc- 
tion in vascular capaciri' during rest, with 
further reduction during exercise. Tlie reduc- 
tion of vascular capacih’, i.e., venous constric- 
tion, must depend on some humoral mecha- 
nism for its genesis (McMichael, I&49). As 
compared to normal controls, decreased 
distensibility of the venous bed of the fore- 
arm. interpreted as indicating peripheral 
venoconstriclion, is noted in patients with 
heart failure regardless of whether the pe- 
riplicrdl %enous pre.ssurc is elevated (Wood 
cl ah, 1956). 

Parallelism of venous pressure and venous 
oxygen tension. Little (1949) made a statis- 


tical study of the relationship between the 
central venous pressure and various other 
measures of cardiac function. He found that, 
while venous pressure tended to become pro- 
gressively elevated with increase in blood vol- 
ume, the correlation was not good. A much 
better correlation was found between the 
increase in venous pressure and the venous 
oxx'gen partial pressure. He postulated tlial 
a reduction in the venous oxj'gen partial pres- 
sure in some way stimulates the mechanism 
leading to a reduction in vascular capacit}', 
which in turn expresses the blood toward the 
central venous reservoir. He stated that the 
operation of this mechanism e.xplains, in part 
at least, the rise in central venous presstire 
seen in normal persons with e.xercise and the 
much greater rise seen in patients with heart 
failure, since in the latter the venous oxx'gen 
partial pressure is reduced much more. 

Possible relationship io blood lactic acid. 
In order to accept the venous OT>’gen partial 
pressure as the stimulus for such venous con- 
striction, it will be necessary to find in the 
systemic venous or the pulmonary' arterial cir- 
cuits, chemoreceptors capable of sensing tlie 
venous oxygen partial pressure. Since no such 
meclianism has as yet been described, it seems 
possible tliat the stimulus to reduction of xas- 
cular capacity might arise from the chemo- 
receplors knowm to exist in tlie sj’slemic ar- 
terial circuit. In severe exertion or in other 
conditions in which the oxj’gen supply to the 
tissues is reduced below normal, i.c., in which 
the arteriox’enous oxygen difference is in- 
creased or the venous oxygen partial pressure 
reduced, lactic acid and other abnormal prod- 
ucts of metabolism are produced. Since these 
products are not removed by the lungs, it 
might be anticipated that they could be car- 
ried to the systemic arterial ciraiit wlierc they 
could excite appropriate chemoreceptors in 
the aortic and carotid bodies. Supporting this 
point of viexv is tlie prolongation of the rise 
in venous pressure and cardiac output seen 
during the period of oxj'gen debt following 
exertion, during which it has been shown that 
lactic acid remains elevated in the circtila- 
tion. 

Arterial and venous constrictor mechanisms. 
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Discharge of impulses from the chemorecep' 
tors will induce increased sympathetic nerve 
discharges from the medullary centers. This 
wll cause widespread increase in peripheral 
resistance by causing arteriolar and terminal 
arterial vasoconstriction. This must be the 
mechanism for maintaining the arterial pres- 
sure at normal levels despite the decreased 
cardiac output (Stewart et al., 1946). This 
mechanism is possibly overactive during heart 
failure, since the mean arterial pressure of 
many patients declines as compensation re- 
turns. Such sympathetic activity could also 
serve to reduce the capacity of the vascular 
bed by causing afferent arteriolar constriction 
and efferent venular dilatation in the spleen, 
liver and intestines and generalized constric- 
tion of the larger veins. The increased sympa- 
thetic nerve activity could also serve to in- 
crease the contractile power of the heart and 
thus to increase the cardiac output at least in 
normal persons. An example of the operation 
of such a mechanism is the response to intra- 
venous injection of epinephrine. This not only 
increases the arterial pressure, but also causes 
a rise in central venous pressure, a reduction 
in splenic volume and an increase in cardiac 
Output. It is also possible that, to some extent, 
the Increased cardiac contractility might be 
produced by the direct effect of metabolic 
products in the blood, particularly lactic add, 
acting upon the myocardium. 

Systemic Edema. The increase in tissue 
fluid and the systemic edema of congestive 
failure are closely correlated with the gain in 
body weight. They are not due solely to the 
elevation of central venous pressure or to a 
reduction in total plasma proteins and tissue 
tension since: (a) In congestive heart failure, 
the total circulating proteins are increased 
despite the reduction in concentration of pro- 
tein, and (b) the elevation in venous pressure 
in the dependent part of the body caused by 
the rise in central venous pressure is rarely 
more than 10 to 15 cm. of water, whereas in 
the normal person, standing quietly, the pres- 
sure in the veins in the feet is of the order of 
100 cm. of w'ater. However, the venous hydro- 
static pressure is a major factor in determin- 
ing the distribution of the edem.i, since it 


abvays occurs in the most dependent parts 
of the body (Orgain and Stead, 1957). The 
edema of congestive failure does not result 
from increased capillary permeability to pro- 
tein (Stead and Warren, 1944). 

More important in the development of 
edema is the retention of sodium and water 
by the kidney. This will serve to elevate blood 
volume and capillary pressure and to reduce 
the effective oncotic pressure of the plasma 
proteins to the point where filtration of wafer 
and dissolved substances into the tissues must 
occur, thus leading to edema. 

Pleural effusion is a frequent finding in 
chronic congestiv’e failure. In one series of 42 
patients, the effusion ^vas on the right side 
in 28 and was bilateral in one. Tl)e exact 
medianism of production of the effusion is 
not known. Both increased intracapillary 
pressure and increased capillary permeability 
are involved (Tinney and Olsen, 1945). 

Hepatic congestion. Swelling and tender- 
ness of the liver are seen frequently with 
heart failure. Most of the cellular damage 
and congestion is in the region of the central 
veins. The changes have been ascribed to the 
mechanical effect of the elevated systemic 
venous pressure. However, the pressure in 
the periphery of the lobules, wliere the blood 
from the portal vein enters the hepatic capil- 
laries must be higlaer tlian tljat in the capil- 
laries near the central veins of the lobules 
from which the blood leaves the lobule to 
enter the hepatic vein. Such damage, on the 
other hand, could result from hypoxia owing 
to decreased blood flow; the hepatic cells in 
the periphery of the lobules, being the first 
to receive the portal venous blood, would he 
better oxygenated than the hepatic cells lo- 
cated ill the Center of the lobules. Tlie occur- 
rence of similar lesions in the liver in anemia 
favors this latter concept. Lii’er function may 
be disturbed in heart failure. Serum bilirubin 
is frequently elevated, the proportion of the 
slow-reacting (indirect) component being in- 
creased (Schalm and Hoogenboom, 1952); 
and there may be retention of bromsulfalein 
(Paine and Smith, 1919). 

Hyperpnea, Dyspnea and Orthopnea. 
Ilj’peipnca is a clinical s/gri and may ho <lc- 
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fined as increased minute-volume of breath- 
ing, the rate or depth of breathing, or both, 
being augmented. Dyspnea is a clinical symp- 
tom, noted by the patient, of difficult or 
labored breathing or of unsatisfied desire for 
air. ^Mlile the two frequently occur together, 
there is no close parallelism in their intensit}', 
and moderate hjqjerpnea may occur in the 
normal person without dyspnea. 

Chemical Factors Contributing to Hyperp- 
nea. Hypercapnia. Although the function of 
respiration would seem to be proper oxygena- 
tion of arterial blood, ordinarily the medullar)' 
respiratory center is principally concerned 
with regulation of arterial blood pH through 
its control of elimination of carbonic acid. A 
verj' slight increase in arterial pCOj* of +1.5 
mm. Hg (normal 40 mm. Hg) or decrease in 
pH, by their effect on the medullar)- center, 
results in doubling of the respirator)’ minute 
volume. Respiration is slowed in a similar 
manner by reduction of pCO,. \\'ith excessive 
elevation of arterial pCOj. additional reflex 
stimulation of the medullar)* respiratory cen- 
ter occurs through impulses generated in the 
carotid and aortic body chemoreceptors and 
transmitted to the medullar)- centers by way 
of the ninth and tenth cranial nerves. 

H>poxia. An increase in pO, above normal 
has no effect on the respirator)- minute-vol- 
ume; and a considerable decrease in arterial 
pO„ (from 100 to 70 mm. Hg) is necessary 
to double the respirator)- minute-volume, 
through its influence on the carotid and aortic 
bodies. The relatively liigh percentage of ox}-- 
gen in the inspired air (20.9 per cent) com- 
pared with the lower percentage of CO» in 
the alveolar air (3.5 per cent) assures a suffi- 
cient respiratory exchange which will elimi- 
nate the proper volume of CO, and cause an 
intake of a slightly larger volume of oxx'gen 
than is required under normal circumstances 
(respirator)’ quotient = volume of CO, elimi- 
nated per volume of O. consumed = 08). 

• pCOj is the "partial” pressure of the CO,, i.e., 
the pressure which it is constantly exerting to escape 
from solution or to diffuse through membranes. The 
term pO, used below refers similarly to the "partial"’ 
gas pressure exerted. 'The term “pardaT refos to 
that part of tlie total gas pressure which b exerted l>y 
the indicated gas. 


Lactic acid and other metabolites. Lactic 
acid and possibly other products accumulate 
in the blood whenever tissue oxygenation is 
incomplete, and serve as potent stimulants to 
respiration. Lactic acid may affect both the 
medullary centers and the carotid and aortic 
body chemoreceptors; the former are prob- 
ably the more sensitive. 

Relationship of Heart Failure to H>perp- 
nea. Reduced minute-volume of circulation. 
Reduction of the minute-volume of circula- 
tion w'ill decrease the delivery of o.x)’gen to 
the tissues, increase the ox)-gen utilization 
(ml. of oxx’gen removed per 100 ml. of blood 
flowing through the tissues) and lower the 
average oxygen tension in the tissue capil- 
laries. At a critical level, lactic acid will be 
produced which w-ijl serx’e to stimulate res- 
piration. probably simultaneously with acti- 
x-alion of the arterial and venous constrictor 
mechanisms. Under such circumstances, ar- 
terial pO, will be normal and the pCOj may 
be reduced below normal. 

Pulmonary congestion and edema. Ex- 
change of pulmonary ot)'gen and carbon di- 
o.xide is reduced in the presence of relative 
failure of the left ventricle by the tliickening 
of alveolar w-alls and ah'eolar accumulation 
of fluid. As a consequence, arterial pO, de- 
clines and pCO, rises. These changes, added 
to the accumulation of lactic acid noted above, 
proxide further stimulus to h)perpnea during 
episodes of heart failure (Platts, 1953). 

Dyspnea. Since d)’spnea is a sensation, its 
elucidation is limited to studies on man. Wg- 
gers (1949) has proposed that dyspnea be 
regarded as present when the expiratorv’ mus- 
cles are brought into play; but, in the absence 
of an adequate statistical comparison of the 
severity of symptoms with the degree of use 
of the e.xpirator)’ muscles, it is probably better 
to continue to define dyspnea as given above. 
The term “active expiration” might be more 
suitable for the sign defined by Wiggers as 
d\-spnea. 

A form of dyspnea, characterized by short- 
ness of breath or air-hunger, is probabh’ 
caused by failure of the cardio-respirator)- 
machine!)’ to pres'enl undue changes in con- 
centration of arterial pO,, pCO,, or lactic 
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acid. Actual labored or difficult breathing, 
which is sometimes characterized as a sense 
of constriction of the chest, occurs in asthma 
and emphysema and is probably related to 
mechanical difficulty in movement of the tidal 
air. Similar difficulty may be experienced with 
excessive elevation of the diaphragm by ab- 
dominal distention and with the impaired 
elasticity of the congested lung in heart fail- 
ure. 

Cardiac failure is frequently attended by a 
decrease of vital capacity and of residual air. 
Because of the associated changes in Jung 
compliance, airu’aj' resistance, and non-elastic 
tissue resistance, it requires more effort to 
move air in and out of the rigid lungs and, 
with an impaired blood supply, the muscles 
of respiration become fatigued ( Comroe, 1956, 
Orgain and Stead, 1957). However, other 
“neurologic” factors may need to be consid- 
ered since dyspnea may be experienced by 
persons even when their respiratory muscles 
are doing little or no worh, as in patients with 
poliomyelitis who have involvement of the 
respiratory muscles, and in persons who have 
been given curare to the point of developing 
paralysis of the respiratory muscles (Comroe, 
1956), 

Abnormal sensitivity to the Hering-Breuer 
afferent impulses normally generated in the lung 
during expansion and collapse may be responsi- 
ble for the sensation, complained of by some 
psychoneurotic patients, that they “need to but 
can't take a deep breath.” It is suggested by 
some authors that, in a similar manner, an ex- 
aggerated discharge of these impulses from the 
congested and more rigid lungs augments the 
dyspnea during episodes of congestive heart fail- 
ure. 

Orthopnea. Patients with moderate to se- 
vere cardiac disease, especially with failure at 
rest, e.xperience less dyspnea when sitting up 
leaning over a bed table or when in a semi- 
reclining position than when they are in a 
horizontal position. Tlie degree of such or- 
thopnea is often expressed in terms of the 
number of pillows required by the patient. 
Tile exact mechanism by which elevation of 
the cephalad part of the body reduces dj’sp- 
noa is not knowm. In the horizontal position. 


such patients have an arterial blood oxygen 
tension that is lower than normal. Factors that 
contribute to this condition are impaired me- 
chanical respiration resulting from undue ele- 
vation of the diaphragm; increased rigidity of 
the Jungs and lessened negativity of the intra- 
pleural pressure caused by the pulmonary 
congestion; and impaired gaseous exchange 
resulting from increased pulmonary edema. 
The latter are probably caused by the ele- 
vated pr^sures in the right atrium and pul- 
monary trunk. In the normal person, re- 
cumbency is accompanied by an increased 
cardiac output which is thought to be caused 
by elevation of right atrial pressure by mobili- 
zation of fluid from the previously dependent 
parts of the body. Failure of the left ven- 
tricle to handle the increased venous return 
and right ventricular output would be a pri- 
mary cause of increased pulmonary conges- 
tion and edema when recumbent. 

Fever. Moderate elevation of body tem- 
perature, in proportion to the degree of con- 
gestive failure, has been reported. In these 
patients the fever could not be attributed to 
infection. In patients wth congestive failure, 
fever is associated with subnormal cutaneous 
temperatures, whereas in infections, fever is 
associated %vith elevated cutaneous tempera- 
tures. The fever in congestive failure may be 
attributed to impaired transport of heat to 
the J>ody surface, owing to ( 1 ) decreased car- 
diac output relative to heat production, and 
(2) cutaneous vasoconstriction (Altschule, 
1949). However, it should be remembered 
that an elevation of body temperature may 
induce heart failure, especially if it occurs as 
a result of a Iiot, humid environment whfcJi 
makes it impossible for the patient adequately 
to eliminate heat. Such patients may suffer 
from dyspnea and apprehension (Burch, 
1948). 

Heart Strain. The term “heart strain” has 
been used by \’arious authors with a %’ariety 
of meanings. By some it has been used to 
imply acute distress, equiv’alcnt possibly to 
the type of “strain” which could produce aaite 
ventricular dilatation. The electrocardio- 
graphic records published by most investiga- 
tors (Burch and \\'insor, 1945; ^^'igge^s, 1949) 



250 


PATHOLOGY OF THE HEART 


appear, on the other hand, to correspond more 
closely to those noted in authenticated cases 
of ventricular h>'pertrophy without acute dil- 
atation. It u'ould seem better to eliminate 
the term heart strain and refer to axis de\da- 
lion or to heart position, to ventricular hj'per- 
trophy, or to acute ventricular dilatation (as- 
sociated in many cases uath some relaliv’c 
ischemia of the dilated ventricle). 

Ventricular Hypertrophy. Ventricular hy- 
pertrophy occurs as a physiologic response to 
any condition which produces ventricular dil- 
atation. In the absence of coronary arteiy 
disease, such dilatation results from any factor 
that increases the work load on the heart. 
Conditions, such as aortic valvular stenosis or 
insufficiency and systemic arterial hv'perten- 


sion, commonly lead to predominant left ven- 
tricular hypertroph)’ while abnormalities, sucl^ 
as mitral stenosis and pulmonary arteriolar 
sclerosis, lead to predominantly right ventric- 
ular h>'pertrophy. 

Acute Ventricular Dilatation. Acute dilata- 
tion of a ventricular cliamber presumably ma)’ 
ooHir whenever the heart goes rapidlj' into 
failure, because of mechanical o\'erload. Such 
dilatation may occur in either chamber. It is 
likely to be superimposed upon a chamber 
already hj’pertrophied by an increased work 
load, occasioned by the same factors which 
ultimately lead to the acute failure. Tlie acute 
dilatation will be associated with an ele%’ated 
myocardial metabolic demand which the coro- 
nar\' vessels may not be able to meet. 
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INTERATRIAL COMMUNICATION'S 


I NTERATRIAL coM>tUNiCATioxs may be sub- 
divided into ( 1 ) valvTilar-competent, pat- 
ent foramen ovale; (2) atrial septal defect, 
and (3) large communication between coro- 
nary sinus and left atrium. Tlie last is not a 
true atrial septal defect and wall be disctisscd 
only in the differential diagnosis. 

Valvular-Competent, Pafenf Foramen 
Ovale 

In about 20 to 25 per cent of normal adult 
human hearts it is possible to pass a probe 
from the right atrium into the left (Scammon 
and Norris, 1918; Patten, 1938, M'right et al., 
1948), even though no functional Interatrial 
communication exists. The probe passes from 
right to left obliquely upward from the fossa 


ovalis to, and beside, the valve of the foramen 
ovTile (Figures b and VI-2). A foramen 

orale that is functionally closed by a com- 
petent valve, preventing return flow from the 
left to the right atrium, has been termed 
"probe-patency of the foramen ovale” (Patten, 
1931). Kirldin and associates (1955) arid 
Weidman and his associates (1957) prefer the 
more definitive term, valvular-competent, pat- 
ent foramen ovale. This condition should log- 
ically be regarded as a variant of the normal 
botli because of its frequenej' and because no 
blood will pass through the vestigial channel 
unless the postnatal atrial pressure-relations 
are abnormal. Normally tlie pressure in the 
left atrium exceeds tliat in the right (Little 
et ah, 1949; Opdylce and Brecher, 1950); the 
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I’alve of the foramen ovale is pressed against 
the rest of the atrial septum and no blood is 
shunted from one atrium to the other. If the 
pressure in the right atrium exceeds that in 
the left, blood may flow from the right atrium 
into the left (Gross, 1934), as it did during 
fetal life. 

Sucli a condition is encountered in pulmonary 
embolism when the increased resistance to pul- 
monary flow' leads to increased pressure in the 
right ventricle and ultimately in the right atrium 
If the blood entering the right atrium from the 
great vems contains more emboli, some of these 
may pass into the left atrium by way of the in- 
completely closed channel at the foramen ovale. 
In this way, it is possible for peripheral arteries 
to be occluded by emboli originating in the right 
atnum or one of its tributary veins. Passage of 
emboli across the atrial septum is termed paro- 
doxte embolism. (See page 282.) 

Other conditions, all associated with hyper- 
trophy of the right ventricle, m which blood is 
shunted from the right to the left atrium in the 
presence of a valvular-competent foramen ovale. 


indude pulmonary valvular stenosis (Selzer and 
Cam«, 1953) and acquired pulmonary hyperten- 
sion of unknown etiology ( Shepherd et al., 1957) . 
Earl H. Wood and I have observed patients with 
ventricular septal defect (unpublished) in whom 
a right-to-left shunt through a valvular-competent 
foramen ovale had been demonstrated by the dye- 
dilution technique. 

In cardiac catheterization of patients with val- 
vular-competent foramen ovale, passage of the 
catheter through this normal tract may lead to a 
false diagnosis of true atrial septal defect. Fur- 
ther passage of the catheter by this route into a 
pulmonary vein may then give the false impres- 
sion of the presence of anomalous pulruonary 
venous connection. Owing to the close relation- 
ship of the orifice of the inferior vena cava to 
the foramen ovale (Figure VI-2), if a catheter is 
introduced through the inferior vena cava, it is 
more likely to pass through a patent foramen 
ovale of this type than if it is introduced through 
the superior vena cava. 

Atrial Septal Defect 

Communications between the atria as a re- 



Figure Vl-t. Vals-ular-compefent, patent foramen ovale, ir. Right side of heart. The prohe has passed through 
the orifice of the inferior vena cava and h.as disappeared info the left atrium. The raised tissue around f))c 
foramen ovale is the limbus of the fossa ovahs. Beneath the fosva osahs lies the onRco of tlio coronary simis 
and inferior to that, the tneuspid vabe. The superior vciu ea\u is seen cstending from the upper end of 
the specimen, h. Left side of Iieart. The prohe which has disappearerl from view in a appears m tin? left 
atnum as it pushes the valve of the foramen ovale to the left (right side in the illustration). 
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Figure Vl-2. ndationslup of inferior cava) onfice to vaKnilar-conipetent, patent foramen ovale. 
Tins view is taken from orifice of inferior ven.i cava. Tlie dividing crest represents the anterior 
edge of \\ve Vnobvis \be fossa ovaUs. T\ve saWe of live frwa'metv ova\e to Vbt kft of U-i'S 
structure. It is evodent from this view that the inferior caval stream is directed toward both 
atria when a valvular-competent, patent foramen ovale etists. From the heart of an infant 4 
months old. (From Swan and associates, J934. Reproducer! by permission of the authors and 
Crune & Stratton, Inc.) 


suit of deficiency of septal tisstie are classified 
as nfrjflZ septal defects. These are of various 
anatomic types. 

PATHOLOGIC ANATOMY 


Patency of Foramen Ovale. The common 
or “usual" variety of atrial septal defect may 
be regarded as valvular incompetence of tlie 



Figure VI-3. Atrial septal defect at re^on of foramen 
ovale, viewed from left. The defect results from a 
combination of shortness and perforation of the valve 
of the foramen ovale. From a vsoman 37 years of age. 


foramen ovale. (See Developmental Basis of 
Atrial Septal Defects.) This defect has fre- 
quently been inappropriately named “defect 
of septum secundum.” Although deficiency 
of septum secundum may contribute to the 
defect, usually septum primum is also in- 
volved in the deficiency. Defects at the fora- 
men ovale less than 1 cm. in diameter in adults 
seldom are clinically significant. Tliose of 
clinical consequence may measure up to 4 
cm. in diameter. The defect may be a single 
unguarded opening or it may be crossed by 
a lacework of tissue (Figure VI-3). 

The common varietj' of atrial septal defect is 
so placed that its center lies about midway be- 
tween the orifice of the superior vena cava above 
and the base of the tricuspid v'alve below (Figure 
VI-4). Functionally, howev’er, the defect is in 
closer relationship to the inferior vena cava than 
lo the superior vena cava. The defect lies just 
anterior to the inferior caval orifice and abo^e 
the c»tlum of the coronary sinus. As one looks 
into the atrial portion of the heart from the orifice 
of the inferior vena cava, a crest of muscle is ert* 
dent bejond the caval channel (Figure \'l-5), the 
anterior edge of the septal defect. The stream of 
inferior vena caval blood probably is split at this 
crest, part passing toward the tricuspid valve and 
part being directed into tlie left atrium. 

In some cases the posterior boundarj’ of the 
defect has no rim of septal tissue, Uie boundar>' 
of the defect being formed by the posterior atrial 
Avail at the imaginary line where the left and 
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riglit atria join. The valve of the inferior vena 
cava lies just to the right of the plane of the 
atrial septal defect. In heaits with no posterior 
septal nm and a well-developed valve of the in- 
fenor vena cava (eustachian valve), the anterior 
edge of the latter may be mistaken for the pos- 
terior rim of an atrial septal defect by the sur- 
geon’s palpating finger (Hickie, 1956). Should 
(he anterior edge of the valve be sewn to the 
anterior edge of the atrial septal defect, the en- 
tire inferior caval stream would be diverted into 
the left atrium (Figure VI-4). 

Important differences exist between the right 
and left pulmonary veins in their relationship to 
atnal septal defects at the foramen ovale (Figiue 
VI-6). The orifices of the right pulmonary veins 
and the streams of their blood lie just to the left 
cf the atrial septum and thus are dose to the 
defect, while the orifices of the left pulmonary 
veins and their blood streams lie as far removed 
from the atrial septum and its defects as is possi- 
ble. 

Defects in Lowermost Portion of Atrial 


Septum (Persistent Common Atriovenlrioular 
Canal). Defects in the lowermost portion of 
the atrial septum in our experience are always 
associated with malformations of the atrio- 
ventricular valves (Rogers and Edwards, 
1948; VVahai and Edwards, 1956). It is 
claimed that on rare occasions the septal de- 
fect may exist with structurally normal valves 
(Blount et al., 1956). The defect may be 
viewed as a persistence of the fetal interatrial 
ostium prinnim and is often so termed. Some 
have referred to it as a “defect of the septum 
primum,” hut this is an inappropriate term 
because the developmental basis for the de- 
fect may include deficiency of interatrial sep- 
tum secundum as well as of septum primum. 
In all cases, the atrial septal defect has a 
similar appearance. It lies below the fossa 
ovalis and its upper edge is crescent-shaped. 
The lower boundary of the atrial septal de- 
fect is formed by atrioventricular valvular 



Figxire VI-4. Atrial septal defect at region of foramen ovale without a posterior rim of tissue, a. Right 
side of heart. The probe extends from the Inferior caval orifice into atrial septal defect. The tissue at the 
point of arrow, vluch appears from this perspective as tlioiigh it were the posterior edge of the atrial septal 
defect, is in reahty the valve of the inferior vena cav'a. Tlie ostium of the coronary sinus (C.S.) lies 
inferior to the atri.il sepl.al defect, b. Left side of same heart. At the point of arrow is the anterior edije 
of the valve of the inferior vena cava TIic infenor caval orifice f/.C.j lies to the left of (he valve of (he 
inferior vena cava (to the right in the illustration). It is evident that, if the surgeon mistakes the anterior 
edge of the valve of the infenor voiu cava for the poslenor nin of the atrial septal defect and sews it to 
the anterior edge of the atrial septal defect, the inferior vena caval stream would he directed entirely info 
the Mt atrium. 
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Figure VI-5. Atnal septal defect at foramen o\aIc, in a uoman 48 >eaxs old witli pulmonarj’ bypertensfon. 
a. Con>entionaI ^^e^v of nght side of heart, showing large atnal septal defect. The anterior edge of the dfi‘®ct 
Les beh\ecn the points of the arrows. The coronar> sinus (C.S ) lies infenor to the defect. The position or 
the onfiee of the infenor vena cava is indicated by the wlute dotted o\al area. The right sentncle Is h>'Pcr* 
trophic, h. View of intenor of heart through onfiee of inferior vena cava. In tills Illustration the hMtt 
has been onented as it lies m the bod). Tlie crest of tissue, l>ing between the points of the arrows, 
spends to that behvecn the arrows in a, and is the antenor edge of the atrial septal defect. It may lie 
to represent a dniding crest as it lies m the path of the stream of blood entering the heart through the 
Infenor vena cava. The left atnal cavity lies to the left and above this crest, while the right atrium lies ^ 
the right and below'. It is evident from tlus illustratioa 1k>\v readily inferior vena caval blo^ may be shunted 
from right to left in atnal septal defect Similar anatomic relations with regard to the inferior caval orme* 
and valvular-competent, patent foramen ovale are illustrated in Figure Vl-2. 


tissue (Peacocli, 1846-18; Gunn and Dieck- 
mann, 1927, Robson, 1931; Robinson, 1941; 
Moragues, 1943). 

Cases of persistent common atrioventricular 
canal may be subdivided into (1) complete, (2) 
partial and (3) transitional forms (Wakai and 
Edwards, 1956). 

Complete type of persistent common atrioven- 
tricular canal. \\’hen the heart is dissected in a 
routine manner, the anterior or aortic leaflet of 
the mitral valve and the septal leaflet of the tri- 
cuspid valve are each split into an antenor half 
and a posterior half (Figure b). Instead 

of a mitral valv e and a tncuspid valve, one atrio- 
ventricular valv e is common to both sides of the 
heart. Wliat had been interpreted as the anterior 
halves of the split leaflets of the mitral and tri- 
cuspid valves is in realit)’ an anterior leaflet of a 
common atrioventricular valve. Likewise, the 


posterior halves of the split leaflets are continuous 
and in reality’ form a posterior leaflet of the com- 
mon valve. Usually’ two lateral leaflets on ike 
nglit side represent the elements which normalb’ 
form the anterior and posterior tricuspid leaflets. 
On the left side the common valve lias a lateral 
leaflet, which in turn is tlie counterpart of the pos- 
lenor mitral leaflet of normal hearts. Shaner 
(1949) has observed this malformation in pig em- 
bryos. 

Tlie chordae tendineae of tlie anterior common 
leaflet are attached to two different regions. Those 
attached to the left side of the valve insert into 
the anterior papillary muscle of the left v entricle, 
while those attached to the right side of the leaf- 
let insert into the corresponding papillary muscle 
in the right ventricle (Figure VI-7). The chorckie 
tendineae of the common posterior leaflet are usu- 
ally short. Some are attached to the crest of tk® 
underlying muscular ventricular septum and to 
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Figure VI-6 Viewed from behind, left side of 
heart with a simulated atrial septal defect {A.SD ) 
at fossa ovalis. The left pulmonary veins (L.P.V.) 
he removed from the atnal septum. The onfices of 
the nght pulmonary veins (R.U.P.V. and R.L.P.V.) 
he close to the atrial septum and to the simulatttl 
atrial septal defect. Tlie arrows from the left pulmo- 
nary veins indicate that most of the blood from the 
left lung is carried through the mitral valve into 
the left ventricle. Tlie blood from the right pulmo- 
nary veins, on the contrary, crosses the zone where 
the atria! septa! defect lies and constitutes the major 
portion of the blood sbunted from left to right in 
the usual example of atnal septal defect. (Modi- 
fied from Swan and associates. 1953, and reproduced 
with their permission ) 



Figure VI-7. Complete ty^iQ of persistent common atrioventricular canal in female infant 
2^ months old. (From Rogers and Edvsards, 1948. Rcprotluccd by permission of C. V. 
Mosby Company.) a. Left side of heait. Above the cleft anterior leaflet of the mitral 
valve is n crescent-shaped defect in the infenor jiart of the atrial septum. The latter repre- 
souls persistence of the interatrial foramen primum. Above tliiv, tlie foramen ovale shows a 
mild degree of patency on the basis of a short valve of the foramen ovale. Tlic chordae 
tendmeae of the ventral part of the cleft anterior leaflet of the mitral valve are inserted 
into llic anterior papillary muscle of the left ventricle. Some of the chordae of the posterior 
half of the leaflet are inserted into the ventricular septum, b. Right side of heart. The septal 
leaflet of the tncinpid vahe shows a cleft similar to tlial in the anterior leaflet of the rnftraj 
valve shown in a. Tlic lower limbus of the fossa ovalis is deficient. Tliis supports the view 
that persistence of the interatrial foramen primum represents ilcficiency, not only in scptuni 
pnmum but also in septum secundum. Tlie additional defect in the region of the foramen 
ovale vvliich was shown in o is also illustrated. Right atrial dilatation and right ventricular 
hypertrophy are preswit 
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Figure VI-8. Left ventricle and ascending aorta, 
from a male infant, aged 5 months, with com- 
plete type of persistent common atrioventricular 
canal. The anterior leaflet of the mitral valve has 
been reflected to the right of the illustration in 
such a way as to sliavv the lack of attachment be- 
Iw'een the ventricular side of tliis leaflet and the 
ventricular septum- Such deficiencies arc com- 
mon not only beneath the anterior, but beneatli 
tlie posterior leaflets of the common atrioventricu- 
lar valve, in the complete vanely of the m.ilforma- 
hon. Such deficiencies create an interventricular 
communication, in addition to the interatrial com- 
munication. The deficiency of the membranous 
portion of tlie v’entricular septum, which is com- 
mon in the malformation, also is illustrated. 
(From Rogers and Edwards, IfliS. Reproduced 
by permission of C. V. ^[osby Company.) 


Lt. ou-ricle 



\ 

Lt. ventricle 


Figiire VI-9. Complete variety of persistent common atrioventricular canal. The lateral walls 
of the left afrioni and ventricle have been removed. The atrioventncular can.il is common to 
both sides of the heart. It is guarded by a single valv-e possessing large anterior and posterior 
leaflets, two right lateral leaflets and a left lateral one. Tliere is an interatrial communica- 
tion above the common valve and interventricular communication below it. (From Rogers 
and Edwards, 1948. Reproduced by permission of C. V. Mosby Company.) 
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adjacent portions of the respective sides of the 
septum in each ventricle or to papillary muscles. 
The chordae of the lateral leaflets are attached to 
papillary muscles corresponding to those to whid» 
the anterior and posterior tricuspid leaflets and 
the posterior mitral leaflets attach normally. Short- 
ness of the posterior common leaflet and chordae 
probably accounts for insufficiency of the valve 
during life. 

Usually, in this condition, there is a concavity 
of the posterior part of the musailar ventricular 
septum inferior to the space between the free 
edges of the anterior and posterior leaflets of the 
common atrioventricular valve. Through this con- 
cavity the ventricles communicate. The two ven- 
tricles also communicate in two other areas: in- 
ferior to the posterior leaflet of the common valve, 
and inferior to the anterior leaflet. Beneath the 
posterior leaflet, there is often no membrane of 
continuous fusion between the leaflet and the un- 
derlying ventricular septum. Instead, numerous 
chordae may run between the under surface of 
the posterior leaflet and the upper edge of the 
ventricular septum. Between the diordae are 
spaces through which the two ventricles com- 
municate freely. 

Beneath the anterior leaflet also, complete fu- 
sion with the >’entriculnr septum may be absent. 


permitting free communication between the two 
ventricles (Figures VI-8 and VI-9). Lack of 
complete fusion of the anterior and posterior leaf- 
lets of the common atrioventricular \'alve with 
the ventricular septum is the basis for interven- 
tricular communication (Moragues, 1943; Rogeis 
and Edwards, 1948, Lewis et al., 1955). Infeiior 
and anterior to the anterior leaflet of the com- 
mon valve, the ventricular septum usually has a 
wide concave deficiency which is associated with 
absence of the membranous portion of the ven- 
tricular septum. 

Partial form of persistent common atrioventric- 
ular canal. The partial form usually has no ana- 
tomic interventricular communication, although 
functionally blood from the left ventricle may ap- 
pear to enter the right ventricle, possibly as a 
consequence of mitral insufficiency and the inter- 
atrial communication. The tricuspid valve is de- 
void of a cleft and is intact around the entire 
tricuspid orifice (Figure Vl-IOa). The anterior 
leaflet of the mitral I’ah’e, however, has a cleft 
al Its center (Figure Vl-lOh). The developmental 
explanation is that the atrioventricular endocar- 
dial cushions were deficient mainly along their 
left side, thus causing the cleft in the mitral 
valve, on the light side, the ventral and dorsal 
atriovenfriciilar endocardial cushions fused with 



Figure VI-10. Partial type of perristent common atrioventricular canal, in 
male inf.ant 6 months old. (From Rogers and Edisanls, 1918. Reprotliicti! by 
permisiion of C. Moshy Company.) a. Heart vfewexi from ripiit. TJic 
defect in the inferior part of the atnal septum is charactenslic of that in per- 
sistent common atriosentncular canal. TJie tricuspid \a1\c is essentially normal. 
In .idihlion, a secoixl defect is present In fin* TvgUm of the foramen m.ih'. 
The limhns of the foss.i o\.tli> is not idcntiiiahle. />. Left side of heart. Ti«'- 
nealli the defect in the inferior part of the atria! septum the anterior leaflet 
of tlic mitral valve is cleft, except at its Kise. The ilrfrct of the atrial septum, 
in the region of the foramen ovale, is also show n. 
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Figure VI-11. Transidonal variety of persistent common atnos-entncular canal. From a boy 314 years old- 
a. Right side of heart. A charactensCic defect is present In the lowermost porbon of tlie atnal septum. The 
septal leaflet of the tricuspid valve shows a cleft, but a badge of tissue evtends from the anterior to tlie pos* 
terfor component and bes immediately above the ventncular septum Tl>e region of tlie /otsa ovabs 1' 
normal and the foramen ov.-ile is not patent b Left side of heart. There is a cleft in Uie anterior leaflet of 
the mitral vahe but, as m the tnciispicl v.'ilve, a badge of tissue joins tlie two components of the leaflet /i>^t 
above the ventricular septum This heart had no interventricular communicabon. The left ventricle and aortic 
valve arc illustrated in Figure VI-12. 


each other to form a continuous tricuspid valve. 

A defect exists between the two sides of the 
heart, which is almost entirely in the atrial por- 
tion. The atrial component of the defect •» similar 
to that m the complete form, with one exception. 
In the complete form, the lower portion of the 
atrial component of the defect is continuous with 
the space between the anterior and posterior leaf- 
lets of the common valve and with interventric- 
ular communications of varying sizes, while in 
the partial form, the low er edge of the atnal de- 
fect is formed by the intact septal leaflet of the 
tricuspid valve (Figure Vl-lOo). In the complete 
form, the opening of what conventionally js called 
“the mitral orifice” is continuous with that of the 
tricuspid orifice, while in the partial form, the 
mitral orifice extends abnormally into the cleft 
of its anterior leaflet but the nght and left atrio- 
ventricular onfices are divided by the intact septal 
leaflet of the tneuspid valve. 

In all forms (complete, partial and transi- 
tional). beneath the atrioventricular valves the 
ventricular septum has an unusual, broad sweep- 
ing concavity wliich extends Into the subaortic 
region. Usually in the partial t>pe, the ventricu- 


lar sides of the anterior mitral leaflet and of the 
septal tneuspid leaflet are attached, b>' tissue 
resembling fused chordae, to the upper aspect of 
\Vie concavity in die ventricular septum, thus 
venting anatomic interventricular communication. 
The fused chordlihe tissue fills the space ordin.ir' 
,Iy occupied by the membranous septum. From 
the right side, it is apparent that the fused tissue 
joining the atnoventricular v'alves to the ven- 
tncular septum inserts along the poslero-inferior 
aspect of the crista supraventricularis. 

Transilioml varieties of persistent common 
atrioventricular canal. M'afcai and Edward^ 
(1936) observed anatomic transition between the 
complete and the partial varieties in 3 he.'irts, 
characterized by clefts not only in the antcriur 
leaflet of the mitral valve, but also in the sept.^J 
leaflet of the tricuspid vah e. Tliis arrangement 
similar to the complete form. In each of these 
3 cases, however, a narrow bridge of valvular 
tissue joined the anterior half of each of the two 
deft leaflets with their respective posterior halved 
just above the ventricular septum (Figures VI-ll 
and VI-12), the bridge of tissue precluding com- 
munication of the mitral and tricuspid orifices. 
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Defects Superior to Fossa Ovalis (with Par- 
tial Anomalous Pulmonary Venous Connec- 
tion). Defects of the atrial septum superior 
to the fossa ovalis, formerly thought to be 
rare (Peacock, 1878), are observed in about 
10 per cent of patients operated on for atrial 
septal defect (Swan et al., 1957). These de- 
fects are usually smaller than those at the 
fossa ovalis and their size has the same gen- 
eral range as those which are part of the per- 
sistent common atrioventricular canal. 

Various names have been applied to this de- 
fect, including “high atrial septal defect” (Lewis 
et al; 1955), “superior marginal defect” (Wat- 
kins and Gross, 1935) and “sinus venous type of 
atrial septal defect” (Ross, 1956). The defect lies 
close to the ostium of the superior wna cava 
(Figure VI-13) and this vessel may straddle it 
No margin of septum is present superior to the 
defect. Associated with the defect is an anoma- 
lous connection of the pulmonary veins of the 
upper lobe of the right lung and, at times also, 
of the right middle and inferior pulmonary veins 
with the atrium or superior vena cava (Hepburn, 
1887, Ingalls, 1907, Van Cleas-e, 1931, Swan 
et al, 1937). Tlie left puhnonar}' veins join the 
left atrium in a normal manner. The region of 
the foramen ovale usually is developed normally, 
although rarely a defect in this region may coex- 
ist ivith one superior to the fossa ov.alis. Single or 
multiple anomalous pulmonary veins connect with 
either the superior vena cava or the right atrium 
near the orifice of the superior vena cava. 

Defects Posterior to Fossa Ovalis (with Partial 
Anomalous Pulmonarj’ Venous Connection). The 
author has observed an atrial septal defect which 
lay posterior to the fossa ovalis. The defect was 
just to the left of the orifice of the inferior vena 
cava and above the orifice of the coronary sinus. 
All 3 right pulmonary veins connected nnoma- 
loiisly with the posterior wall of the right atrium. 
The foramen ovale was valvular-competent and 
p-atent (Figure VI-14). 

Defects Involving Entire Atrial Septum 
(Single Atrium). Less common than the de- 
fects already described is an atrial septum 
that is either completely defective or so ves- 
tigial as to he regarded as absent. The atrium 
is single hut has two auricular appendages 
(Young and Robinson, 1907-08). 

Cor trihculare biccnlTicutaris is the term ap- 


^led to a heart w'th a single atrium but an intact 
ventricular septum. The funcrional derangement 
ts similar to that in large atrial septal defects. The 
predominant direction of flow of blood is toward 
the right through the tricuspid valve, but the 
normal differential of pressure betiveen the two 
ventricles is maintained. Though the mitral and 
tncuspid orifices are usually separate, in the case 
reported by Cunningham (1948) the heart had 
a common atrioventricular valve. 

Cor bilocitlare. When both the atrial and ven- 
tricular septa are absent, the chief factor of sig- 
nificance is the absence of differential ventricular 
pressures. Tile ejectile force is the same for blood 
flowing to the pulmonary and to the systemic 
circulations. In this respect, cor biloculare is 
identical with a heart having an atria! septum but 
no ventricular septum (cor triloculare biatri- 
atum). 



Figure VI-12. (From same case as Figure VI-11.) 
Left ventncle and aortic valve in tr.insitional variety 
of persistent common atrioventricular canal. A por- 
tion of the cleft in the anterior leaflet of llie mitral 
valve IS shown. The anterior portion of the anterior 
leaflet of the mitral vjl\e is intimately adherent to 
the muscular portion of the senlncular septum, filling 
the gap caused by absence of tlie membranous septum. 
In addition, some dcficicno’’ of the muscuJ.nr portion of 
the ^cn^ncul.l^ septum is reprcsentetl by the concavity 
at the site of the attachment of the mitral \al\e to it. 
Tlie in(im,vte adherence of the mitral salve to the 
underlying I’cntricular septum precludes an infer- 
\Tnlncwlar communication, even though there is a 
basic deficiency in the ventricular septum. Note the 
areas of raised endocardial tissue in tlie left ventricle 
uhi(d) seem to represent lesions caused by trauma 
from streams of hlooih (From ^\'J).ai and Edwanls, 
1Q56.) 
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Figure Vl-13. Atrial septal defect superior to fossa ovalis and associated \\ith anomalous right upper piil* 
monary veins. (From Swan and associates. 1957 K'prodticed by permission of the authors and Grune & 
Stratton, Inc.) a. Right atnutn. The atrial septal defjct lies in the upper portion of the atrial septum be- 
t\veen points of arrows and superior to the fossa ovals (F.O ). The right atrial orifice of the superior \ena 
cava (S.V.C.) is close to the atrial septa! defect. The probe bes in the azygos vein. Two veins from the 
upper lobe of the right lung connect anomalously with the superior vena cava. C.S. indicates coronary sinus. 
b. Left side of heart. The defect U showm between the points of the arrows. The area marled Os. ll is a 
normal structure representing interatrial ostium secundum The veins from the right middle lobe (fl M.L.V.) 
and the veins from the right lower lobe (R.LZ.V. ) connect normally with the left atrium. Tlie left pulmo- 
nary veins (LrV.) join to form a common tnink which enters the left atrium in a normal manner. 


INCIDEIXCE 

Incidence of All Types of Atrial Septal Defect. 
At the Mayo Clinic, among 550 pathologic speci- 
mens with major malformations of the heart and 
great vessels from persons of all ages, 44 (8 per 
cent) bad an atrial septal defect, an additional 28 
(5 per cent) had a persistent common atrioven- 
tricular canal. Among 13,883 necropsies per- 
formed at the Los Angeles County Hospital from 
1938 through 1947, 209 had congenital malfor- 
m.itions of the heart, of which 61 exhibited an 
atrial septal defect (Maronde. 1950). Among 
200 patients with congi'iiilal heart disease studied 
clinically, either by cardiac catheterization or by 
angiography. Wood (1950) found 35 (17.5 l>er 


cent) with atrial septal defect. In II of a series 
of 202 necropsies on children, Disenhouse and 
associates (1934) found atrial septal defect (pre- 
sumably not including persistent common atrio- 
v'entricular canal). Keith and Forsyth (1931) 
found that, among infants and children, atrial 
septal defect vv'as the sixth most common cardiac 
malformation m clinical studies and the thirteenth 
m frequency in necropsy material. Among ISo 
necropsies on patients vvitli congenital cardiac dis- 
ease. 4 had atrial septal defect. 

The lower incidence of atrial septal defect in 
series restricted to the >oiing, compared to find- 
ings in materml from persons of all ages, reflects 
the tendency of patients with this condition to 
live to adiiU life (see Prognosis, page 275). 
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Relative Incidence of Various Types of Atrial 
Septal Defect. The 550 hearts with congenital 
caidiac malformations in the pathologic collection 
of the Mayo Clime include 41 with atrial septal 
defect of the usual variety at the fossa ovahs, and 
28 with persistent common atrioventricular canal. 
Defects in 17 of the latter are of the complete 
type; in 7, of the parbal type, and m 4, of the 
transitional type. In 3 additional cases, the right 
pulmonary veins are connected anomalously, in 
2 of these cases, the defect is situated superior to 
the fossa ovahs and in the third, posterior to the 
fossa ovalis. Lewis and associates (1955) re- 
ported that, in 23 of 35 patients operated upon 
for atnal septal defect, the defect was at the 
foramen ovale, in 6 the defect was part of the 
complex Icnown as “persistent common atnov-en- 
tncular canal” and in 5 the defect was in the up- 
per portion of the septum and associated with 
partial anomalous pulmonary venous connection. 
The remaining patient had a large defect which, 


m effect, probably represented complete absence 
of the septum. Watkins and Gross (1955) ob- 
served 43 cases of atrial septal defect at opera- 
tion. According to our classification, in 33 the 
defect was in the region of the foramen ovale, 
in 4, part of the persistent common atrioventric- 
ular canal; in 4 in the upper part of the atrial 
septum, and in 2 hearts the septum was absent. 
Among 90 patients operated on for atrial septal 
defect, Swan and associates (1957) reported that 
in 6 the defect was superior to the fossa ovalis and 
associated with anomalous connection of some or 
all of the right pulmonary veins. 

SEX mSTBIBUTION 

Atrial septal defect is generally thought to 
be tivice as common in female patients as in 
males. 

Of 43 pathologic specimens with atrial septal 
defect at the Mayo Clinic m which the sex was 



Figure VI-14. Atrial septal defect posterior to fossa o\'alis, associated with anomalous connection of the 
nght pulmonary \eins. From a man G4 years old with moderate pulmonary hjpertension. a. flight side of 
heart. Tlie probe lies in the foramen osale which shows valvular-competent p.Ttrncy. Posterior to tliJs hrs 
the atrial septal defect. This lies jnst in front of the oniicc of the inferior vena cava (f-C.) which has been 
opened. Posterosuperior to the atrial septal defect (witfun tri.mgle) arc 3 pulmonary veins representing the 
entire venous supply of the right Jung. In contrast to the position of tJic defect in rigure Vl-13, Jicre thr 
defect is removed from the superior caval oriBce (S.C.). CS. represents coron.ur>‘ sinus. The rigJit vciuriail.vr 
chamber is dilated awl its wall is h> pcrlropliied. b. Left side of Iieart. The probe li.is entered tlic left atrium 
tJiroiigli a v.ijml.ir-competent, patent forameii male. I’osterior tu it .iimJ .at essentially tJu- same v»p<TO-in- 
ferior level lies the atnal septal defect. The left pulmonary vein-s (L.r.V.) enter the lift atnum in a nonnal 
manner. The right lower pulmonary vein (flP.V.) is seen in this perspective hut it docs not enter the left 
ntriiiin, Ji.vving entered the riglit alriunt anomalously as illustrated in a. 
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icno\>Ti, in 27 the patient was fenia\e and in \6. 
Tiale. In several clinical studies of infants or chil- 
dren with atnal septal defect, the sex incidence 
A-as as follows. Wood (1950), 33 patients, 23 
females and 12 males; Braudo and associates 
(1954), 32 children, 25 girls and 7 bo)S, Disen- 
house and associates (1954), 21 patients, 12 fe- 
male and 9 male, Weidman and associates 
(1957), 71 patients, 49 female and 22 male. In 
the malformation known as persistent common 
nfriovenfricii/ar canal, the sex distribution is about 
equal (Wakai and Edwards, 1936). 

FUNCnOVAL ANTJ yniUCTUIUL. EFFECTS 
IX UNCOMPLICATED CASES 

Circulation in Fetus and Postnatal 
Changes. In the normal fetus (see Chapter 
II) a substantml amount of blood from the 
inferior vena cava is shunted across the fora- 
men ovale into the left atrium (Barcroft, 
1933. 1936; Barclay et al., 1939, 1941, 1£M4). 
In fetuses with atrial septal defects, regard- 
less £>f ri7>e, St is also reojonabJe to suppose 
that the transalrial flow is normal. After birth, 
in patients with an atrial septal defect, blood 


may flow in either direction. The occurrence 
of cyanosis during early infancy in some pa- 
tients \«th atrial septal defect suggests that 
a right-to-left shunt may predominate during 
this early period. Later, a left-lo-right shunt 
becomes established. 

Nature and Causes of Shunts. In uncom- 
plicated cases and regardless of the anatomic 
type of atrial septal defect, the direction of 
the shunt across the defect is predominantly 
from the left to the right atrium (Figure VI- 
15). 

This has been amply demonstrated by cathe- 
tenzation studies (Brannon et al., 1945; Cour- 
nand et al., 1947, Swan et al., 1956; Weidman 
et al., 1957). Evidence of this shunt is also ap- 
parent in angiocardiographic studies winch show 
"delayed emptying” of the right atrium. This phe- 
nomenon is in realit>’ a xnanifestaKon of re-opaci- 
ficabon of this chamber (Lind and Wegeltus, 
1953). The volume of the left-to-right shunt may 
exceed by 2 to 4 times the volume of left ven- 
tricular output. The volume of left-to-right shunt 
m adults commonly averages 7 to S liters per 
minute, about twice the output of Uie left ven- 
tricle. Sometimes the s.vstemic output is below 
normal but usually it is within normal limits 
(Weidman et al., 1957). It has been suggested 
that the basis for this major shunt in atrial septal 
defect is the higher pressure in the left atrium 
dunng the postnatal state (Coumand et al., 1947; 
Stead and Warren, 1947; Hickam, 1949, Little 
ctal., 1949). 

In the presence of a large atrial septal defect, 
the heart, iu effect, has but one atrium (Barger 
et al., I94S), and the major direction of flow from 
the functionally common cliamber will be in the 
direction of least resistance (Hull, 1949). The 
myocardium of both ventricles may be said to 
exert resistance to filling of the ventricles. The 
thicker the wall of the ventricle, the greater the 
resistance to its filling. Some time after birth, 
the left ventricle becomes thicket than the right, 
not only in persons with normal hearts hut also 
in those with atrial septal defect. Since the right 
ventricle will then exert less resistance to filling 
than the left ventricle, Uie blood from the func- 
tionally common atrium will be shuntetl rnainl)’ 
to the right ventricle. 

Other factors which may favor preferential 
flow uito the right ventricle arc (1) the long, 
narrow' nature of the left ventricle contrasted to 
the shorter, broader chamber of the right, and 
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(2) the greater width of the orifice of the tri- 
cuspid valve than that of the mitral vaK'C. In 
these cases of atrial septal defect, regardless of 
the great volume of pulmonary blood flow, the 
pulmonary arterial pressure is essentially normal. 
This pressure phenomenon reflects the low pul- 
monary vascular resistance. (See Complications, 
page 276.) 

Blood may also be shunted from right to left 
through the atrial defect, hut in uncomplicated 
cases the amount shunted is small (Hiclcam, 
19-i9) and the desaturation is usually insufficient 
to be detectable by manometric means Swan 
and his associates (1954) demonstrated such 
minor shunts by dye-dilution tests. They also 
demonstrated that the right-to-left shunt usually 
is derived mainly from the inferior vena cava 
with only minor, if any, contribution from the 
superior vena cava. This seems to result from the 
combination of streamlining of the caval streams 
and the close relations of the inferior vena caval 
orifice to the septal defect (Figure VI-5). 

Associated Structural Changes. The left-to- 
right major shunt in atrial septal defect in* 
volves both atria and the right ventricle. As 
a consequence, the right ntrium and the right 
ventricle show significant enlargement. In 
uncomplicated cases, liou'ever, the tliickness 
of the wall of the right ventricle is not in* 
creased. Tin's type of right ventricular en* 
largement is associated with electrocardio- 
graphic ei'idence of right bundle-branch block 


(Barber et al., 1950j Carlotti et al., 1952; 
Smull and Lamb, 1952). The left ventricle is 
of normal size. Although the left atrium carries 
blood received in the shunt, it is not enlarged, 
probably because this cliamber is readily de- 
compressed by the defect. Tlie pulmonary 
trunk and its branches are wider than normal 
and reflect the great volume of blood flow 
through these vessels (Figure Vl-lde). The 
aorta also reflects the volume of flow through 
this vessel and its lumen is of normal caliber 
or is somewhat narrower than usual. The 
small pulmonary vessels are essentially normal 
in uncomplicated cases. 

Clinical Manifestations (Taussig et al., 1938, 
Bedford et al , 1941; Wood, 1950, Brando et al., 
1954; Disenhouse ct al, 1954). In the uncom- 
plicated slate the patient is acijanotic and may 
be entirely as>’inptomatic. Some patients may 
suffer from dyspne-i on exertion. Frequently a 
blowing systolic murmur is audible to the left 
of the sternum and maximal in the left intercostal 
space. This may be the only abnormal initial sign. 
The dilatation of the pulmonary trunk, with 
stretching and consequent rigidity of the pulmo- 
nary cusps, may contribute to relative stenosis of 
the pulmonary valve and to the murmur. A 
middiastolic murmur is frequently heard along 
(he left sternal border (Blount et al, 1954). 
This should not be confused with the diastolic 
murmur of mitral stenosis which is infrequent in 



Figure VI-16, o Dilated pulmonary inink and right Ventricle, from a woman S7 >c.irs of .age with ntri.al 
septa! defect. Tlie defect in the atri.al septum is illustrated in rignre VI-o. h. lloenlgcnogram of thorax 
showing dihatation of pulmonary trunk and its branches. 


274 


PATHOLOGY OF THE HEART 


patients with atrial septal defect (Bluiint et al., 
1954). 

Leatham and Gray (1956) reviewed the sub- 
ject of heart souiuh in atrial .sept.nl defect. An 
accentuated first sound was atlrihulcd to closure 
of the tricuspid valve, and splitting of the second 
sound at the pulmonars' region was related lo 
delayed closure of the pulmonary \alve. This de- 
lay may result from the right \entriclc having a 
longer systole because it expels more hloml than 
the left ventricle. Increased flow through the pul- 
monar>’ v'alvc was thought to be the cause of n 
left parasternal s>slnlic inf/rmnr. It is doubtful 
whether the flow of blood througli the atrial sep- 
tal defect itself produces a murmur, in view of 
the large aperture and the small diflercnccs in 
pressure in the two atria. 

RocntgenoloRicaUij, the dilated pulmonar>’ 
trunk and major pulmonary arteries are expres- 
sions of the excessive pulmonar>’ blood (low (Fig- 
ure VI-16h). Roenlgenoscopic examination may 
reveal unusual pulsations of the hilar vessels, the 
so-called “hilar dance" (Roeslor, 1934; Smul! and 
Lamb. 1652). A causal relationship seems to 
exist between the frequent precordial bulging in 
patients with atrial septal defect and dilatation of 
the pulmonary trunk. Very likely the pulmon.ar>- 
arterial dilatation during the period of skeletal 
development is a f.actor in molding the sliape of 
the thoracic cage. 

The demonstration by cardiac catheterization 
of highly oxygenated blood in the right atnum 
suggests some type of atrial septal defect with left- 
to-n'ght shunt (Brannon ct al., 1945). but is not 
necessarily diagnostic (page 275). 

Distinguishing Features of Various Types 
of Atrial Septal Defect. Atrial septal defects, 
regardless of anatomic t)'pe, have in common 
certain basic functional and secondary stnic- 
tural effects. The various types of defects also 
have certain functional differences which are 
mainly detected by the study of dye-dilution 
curves obtained by injecting dye at different 
sites. 

In defects representing patency of the foramen 
ovale. Swan and associates (1950) have shown 
that the blood shunted through the defect comes 
mainly from the right pulmonary veins (Figure 
VI-6). The inferior vena cava contributes more 
blood to this righl-to-left shunt than does the 
superior v’ena cava (Swan et ah, 1954), These 
views are supported by die experimental work of 
Sliver and associates (1956). 


In defects that lie inferior to the fossa ovalis, 
the differences between tlie contributions made 
by the right and the left lungs to the left-to-right 
shunt are not as great as those just mentioned, 
although even here the right pulmonary veins 
tend lo contribute more blood to the shunt than 
do the left pulmon.iry veins. The difference be- 
tween the contribution made by the inferior and 
that made by the superior vena cava lo a right- 
to-left shunt also is not ns striking as in defects 
at the foramen ovale. Additional artcrializalion 
ma> cccur in the right ventricle (Wakai el ah, 
1056). Defects that lie inferior to the fossa 
nvahs arc part of the malformation-complex 
known as persistent common atrioventricular 
canal. Tlic partial type of this malformation has 
a cleft in the .anterior mitral leaflet hut iisnally no 
interventricular communication (Wakai and Ed- 
w.irds. 1956). In such cases, since the interatrial 
communication may be associated vvnth mitral 
insufiicicncy (nr.indenhiirg and DnSIianc, 1930), 
Lutcmbachcr's syndrome may be falsely suspected 
(Cahen ct ah, 1932), 

In the complete type of persistent common 
atrioventricular can.al the functional and clinical 
features may result principally from the asso- 
ciates! interventricular communication, alone or in 
association with atrioventricular voilvular insufii- 
cicncy (Brandenburg and DuShane, 1936). 

Defects that lie superior to Uie fossa ovalis 
produce distinctive functional features (Swan el 
ah, 1957). Half or even nil of the pulmonary 
veins are connected anomalously lo the right 
atrium or to the superior vena lava; preferential 
drainage of the right pulmonary* bIoo<l into the 
right atrium may be even more striking than in 
defects at the fossa ovalis. 

Perhaps a more clear-cut difference is a right- 
to-left shunt of significant proportions, to which 
the superior v’ena cava contnbutes more llian 
does the inferior vena eav.a. Since the blood in 
the right-to-left shunt has a higher concentration 
of oxygen because of elements derived from the 
lung, desaturation of the peripheral blood may 
be slight. The paradox of a large right-toleft 
shunt ill the presence of little peripheral desatura- 
tion clinically suggests a defect superior to the 
fossa ovalis, associated with partial anomalous 
connection of the pulmonary veins. 

ASSOCIATED COVDITIOXS 

In the pathologic collection of the Mayo Clinic, 
Fontana (1957) observed 31 atrial septal defects 
without otlier cardiac malformations, not includ- 
ing persistent common atrioventricular canal, and 
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7 hearts had atrial septal defect associated \vith 
other indepezjdeiit malformations. In this ma- 
terial, ventricular septal defect was the most com- 
mon malformation associated with atrial septal 
defect. 

The author has examined the heart of a 1-year- 
old child, which had an atrial septal defect at 
the fossa ovalis, and in addition, stenosis of each 
of the pulmonary veins at its junction with the 
left atnum. Maronde (1950) found 2 cases of 
associated ventricular septal defect among 01 
hearts with atrial septal defect. 

Defects may be associated wth persistent com- 
mon atrioventricular canal. Wahai and Edwards 
(1956) found a large atrial septal defect in I of 
5 hearts wth the partial type of persistent com- 
mon atrioventricular canal (see Figure VI-10). 
Among 14 hearts with the complete variety of 
common atrioventricular canal, 4 had associated 
large defects in the region of the foramen ovale. 
Sometimes serious malformations of the great 
vessels may be present. In 1 heart both great 
vessels arose from the right ventricle and the pul- 
monary valve was stenotic. A second heart had 
right ventricular infundibular stenosis. 

Traditionally, mongoUan idtoctj has been asso- 
ciated with persistent common atrioventricular 
canal (Wurtz and Po%vell, 1948; Buzzi et ol., 
1955), Apparently mongolian idiocy is more 
likely to be associated with malformation of the 
complete variety than with the partial or the 
transitional form. Most adult patients with the 
partial variety of malformation do not have 
mongolian idiocy. In 56 cases cf this malforma- 
tion reviewed by Rogers and Edwards (1948), 
mongolian idiocy was recorded in 17. 

DIFrERENTIAL DIAGNOSIS 

Many conditions may simulate the picture 
of atrial septal defect, including acyanotic 
conditions that are characterized by high pul- 
monary flow or pulmonary hypertension, or 
both. Major conditions include ventricular 
septal defect, patent ductus arteriosus, par- 
tial or total anomalous pulmonary venous con- 
nection, and idiopathic pulmonary hyperten- 
sion. 

Conditions, other than atrial septal defect, 
which on cardiac catheterization may have high 
oxygen-saturation of right atrial blood, include 
ventricular septal defect Nvith triaispid insuffi- 
ciency, congenital communication between the left 
ventricle and right atrium, anomalous pulmonary' 


venous connection, cor triatnatum with communi- 
cation between the accessory chamber and the 
right atrium, aneurysm of aortic sinus iiipturing 
into the right atrium, and congenital communica- 
tion beriveen a coronary artery and the right 
atnum or coronary sinus. 

Unusually Large Communication between 
Coronary Sinus and Left Atrium. Normally 
small communications may exist between the 
coronary sinus and the left atrium. Rarely, 
as in the case reported by Craig (1952), such 
a communication may be so large as to consti- 
tute, in effect, an interatrial communication 
with functional features like those of true 
atrial septal defect. From the left side, the 
heart looks as though an atrial septal defect 
were present in the lowermost part of the 
atrial septum, just above the posteromedial 
commissure of the mitral valve. From the right 
side there is no defect, but the ostium of 
the coronary sinus usually appears large. The 
distance in the coronary sinus between the 
normal communication with the right atrium 
and the abnormal one with the left atrium is 
scant Tlic treatment is simple closure of the 
right atrial ostium of the coronary sinus. 

PROGNOSIS 

With the exception of the complete type of 
persistent common atrioventricular canal (see 
page 264), patients with atrial septal defect 
usually bear the defect well for many years, 
though cardiac failure may result during 
childhood (Braudo et al., 1954; Disenhouse 
et al., 1954). Most patients ultimately show 
deleterious effects as a result of the malforma- 
t/on. In some cases the defect is discovered 
incidentally after death from unrelated causes. 
Death may result from atrial septal defect in 
infancy and childhood, but most patients 
reach adult life. 

In 19 cases studied at necropsy by Cosby and 
Griffith (1949), the aver.ige ago w.is 49 years. 
Roesler (1934) revicw’ed 62 cises of atrial sep- 
tal defect (Table Vi-1). Excluding persons who 
died of unrelated conditions, the average age at 
death was 36 years. Brando and associates 
(1954) reviewed necropsy data on 80 patients of 
all ages with atrial septal defect. In 35, death 
was related to the atrial septal defect, and the 
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TABLE VM 

Age at Death in 62 Cases of Atrial Septal Defect * 


Age in years 

Cases 

Per cent 

0-10 

5 

8.0 

11-20 

8 

129 

21-30 

15 

24 2 

31-40 

9 

14.5 

41-50 1 

10 1 

16 I 

51-60 

10 ^ 

16 1 

61-70 

3 ' 

48 

71-75 

2 

3.3 


* From Roesler (1934), by courtesy of the author, 
and the editor of Archives of Internal Medicine. 


average age was 40 years (range 6 months to 77 
years). In the remaining 45 cases in winch death 
was not related to the malfonnation, the average 
age was 40.5 years (range 1 to 80 >ears). CoiiI* 
shed and Litder (1957) reported 5 clinical cases 
in which ages ranged from 58 to 79 years. Iso- 
lated examples of unusually long sumval m atrial 
septal defect ha%'e been reported (Tamower and 
Woodruff, 1936, Askey and Kahler, 1950, 72 
years, Ellis ct al , 1950, 82 years, Stanmis ct at, 
1955, 70 years). In the Mayo Chute's pathologic 
collection of atrial septal defects, 4 of the hearts 
with the usual variety of defect were from pa- 
tients 70 years old or older. 

The general remarks concerning atrial sep- 
tal defect apply to patients with the partial 
variety of persistent common atrioventricular 
canal. Most patients with the complete va- 
riety die during the first y’ear of life (Rogers 
and Edwards, 1948, Wakai and Edwards, 
1956); rarely, the patient lives to adult life 
(Curtin, 1952, 58 years of age). The poor 
prognosis in most patients with the complete 
form of persistent common atrioventricular 
canal is probably related to frequent existence 
of an interventricular communication; associ- 
ated incompetence of the atrioventricular 
valves may also cause cardiac failure at an 
early age. 

COMPLICATIONS 

The common complications of atrial septal 
defect are pulmonary hypertension, valvular 
disease, cyanosis, and cardiac faOure. Sud- 
den death and cerebral abscess are less com- 
mon. 


Pulmonary' Hypertension. Among patients 
with atrial septal defect, cardiac catheteriza- 
tion indicates considerable variation in pulmo- 
nary’ arterial pressures. The pressure may be 
normal or only slightly elevated (systolic pres- 
sure of 40 inm. or less of mercury’ reported by 
Weidman et al., 1957), or may even be liigher 
than the systemic arterial pressure. Although 
there is no direct relationship behveen the 
pulmonary’ arterial pressure and the age of 
the patient, pulmonary hypertension is un- 
common in children; pulmonary hypertension, 
when present, is usually seen in adults (Blount 
ct at., 1954; Disenhouse cf al., 1954; Kirklin 
ct al., 1956, W'cidman et al., 1957). Pulmo- 
nary hypertension is regarded, not as a natural 
accompaniment or inevitable consequence of 
atrial septal defect, but as a complication. 

If pulmon.iry hypertension is absent, the right 
ventricle is primarily dilated: if pulmonary hyper- 
tension is present, the mass of muscle is obviously 
thickened, in atri.al septal defect with pulmonary 
hypertension, tlic degree cf hjpertrophy of the 
right ventricle is simil.ir tu that in patent ductus 
arteriosus or ventricular septal defect, a feature 
tliat coincides with the similarity of the electro- 
cardiogram in these conditions (Cosby et aU 
1932). 

Pulmonary arterial pressure is an expression of 
volume of flow .and resistance to flow. Usually 
the resistance to pulmonary flow’ is increased and 
the jnilmonanj arterioles and arteries exhibit struc- 
tural chanRCs (Edwards, 1957). Masses (1947) 
demonstrated occlusive intimal lesions of the pul- 
monary wssels in a patient who had pulmonary 
hypertension during life. 

In patients who do not have pulmonary’ hyper- 
tension, the stnicture of the entire pulmonary tree 
IS essentially' nonnal, and tlie small arteries aud 
arterioles have wide lumina and thin walls (Fig- 
ure VI-17c, b). In the presence of moderate ele- 
vation of pulmon.'iry pressure, the small muscular 
pulmonary arteries and arterioles show foci of 
fibrous intimal thickening which reduces the 
lumina (Figure VI-18c to /) . Such lesions appear 
to result from excessive pulmonary flow. The noU- 
obstructed pulmonary’ arteries and arterioles I'n 
patients with moderate pulmonary hypertension 
have wide lumina and often atrophic media with 
loss of the muscle. Patients with atrial septal de- 
fect whose pulmonary tension is elevated to a 
level approaching sy'stemfe pressure may show 



Figure VI- 17. Pulmon.'iiy vessels in aJuU patients with atrial septai defect. (From Edwards, 1057. Re- 
produced by permission of Gnine & Stratton, Inc.) 

a and b. From a woman 41 years old vviUi high pulmonary flow and normal pressure in the pulmo- 
nary arteries, a. Small muscul.ar artery and artenolar branch, showing thin walls and wide lumin.i. 
(EI-vG. This abbreviation here and m subsequent legends indicates VerhoeS’s elastic-tissue stain counter- 
stained with van Giesons conncctive-tissue slain.) X330. i». A large muscular artery and a bronchiole. 
The arterial wall is thin and the lumen is wide, features not distinguishable from the normal. El-vG. 
X70. 

c. From a patient 46 years old with left-to-right shunt and moderate pulmonary h>pertcnsion (pul- 
monary arterial pressure 89/20 to 100/37). Medial hypertrophy of large muscular artery, wh/ch lies 
beside a broncldole. El-vG. X70. 

/!, c and /. From a patient 34 years old with moelexafe pulmonary liypertension. tl. A small muscular 
artery and an arteriolar branch with no related occlusiv'e intimal lesions, showing exceedingly wide hi- 
mina. El-\G. X200. The wall of the artery is atn^hic, as illustrated in /. e. A small muscular artery 
and an arteriolar branch. Merhal hypertropliy of arlerj’ and intimal occlusion by fibrous tissue of arterio- 
lar ongin. El-vG. X330. f. Detail of wall in dilated arte^' shown in e. The medial muscle is almost 
entirely absent, the wall now being represented by the condensation of the two clastic himinae and fibrous 
thieVening of the intima and adventitia. EI-vG. X 570. 



278 


PATHOLOGY OF THE HEART 



Figure \^-l8 A large muscular artery showing 
inbmal fibrous occlusion. ( IIcmatoTylin ami eo- 
sin, X55. ) Such Icsioas were widely distnbuted 
and in addition many foci of artenal necrosis 
were present in the lung. From a man with 
atnal septal defect, severe pulmonary hyperten- 
sion and only a nght-to-left shunt ( From Ed- 
wards, 19S7. Reproduced by permission of 
Crune & Stratton, Inc.) 

oc-clusive intimal lesions in the large muscular 
arteries (Figure VI-IS). These lesions may be 
identical with those seen in the end-stage of ven- 
tricular septal defect vntli pulmonary hyperten- 
sion (page 306). Necrotizing arterial lesions may 
also be encountered in patients wiUi severe pul- 
monary h>pertension. 

Pulmonary Embolism and Thrombosis. Occa- 
sionally atrial septal defect is associated with 
massive pulmonary emboli (Canada et al., 1953), 
at other times, thrombi may develop on atherom- 
atous lesions of large arteries (Taussig et ah, 
1938). It may lie bought that the obstructing 
emboli or thrombi cause the incxeased pulmonary 
vascular resistance but, in my opinion, this is not 
the usual way in which pulmonary h>peTtefisi<ni 
is initiated in this anomaly. The earliest occlusive 
lesions of the arteriolar and small arteries should 
not be regarded as embolic or thrombotic in 
nature, the lesions seem merely to represent 
fibrous proliferation of the intima in response la 
trauma from high pulmonary flows. It is recog- 


nized that thrombosis may follow pulmonary’ ar- 
teritis. Tlie lesions are complications of pulmonary 
hypertension and the occluding thrombi accen- 
tuate but do not initiate the increased pulmonary’ 
vascular resistance. 

Pulmonary Arterial Aneurysm. Deterling 
and Clagett (1917), in reviewing the litera- 
ture, found that aneury'sm of the pulmonary' 
artery' is caused by sy'philis or is associated 
with an arteriovenous shunt. In the latter cate- 
gory, patent ductus arteriosus is the com- 
monest underlying condition and atrial septal 
defect is relatively uncommon. 

A number of cases of atrial septal defect with 
pulmonary arterial aneurysm have been reported 
(Wahl and Card, 1931; Okkels and Tlierkelsen, 
1932; Ravault et ah, 1947; Cunningham. 1948; 
Selzcr and Lewis, 1949), Usually the pulmonary' 
artenal aneurysm is identified clinically in patients 
w'lth atrial septal defect, but in the case reported 
by Wahl and Card (1931), the aneury'sm was 
saccular and clinically was first thought to be a 
mediastinal tumor. Selzcr and Lewis (1949) re- 
ported rupture of a pulmonary arterial aneu- 
rysm. 

Paralysis of Left \'ocaI Cord, Barely, in 
atrial septal defect, hoarseness may develop 
from paralysis of the left t'oeal cord as a re- 
sult of compression of the left recurrent lary-n- 
geal nerve (Erlanger and Levine, 1943; Bur- 
rett and WTiite, 1&45). 

Although the mechanism is still to I>e estab- 
lished. the existing eWdence suggests that hoarse- 
ness of this type associated with atrial septal de- 
fect is a consequence of pulmonary' hypertension. 
In the case reported by Wahl and Card (1931), 
the left recurrent bryngeal nen e was compressed 
by a saccular aneurysm of the left pulmonary 
artery'. 

Valv’ular Disease. In the presence of an 
atria! septal defect any of the cardiac valves, 
except the aortic, may be the seat of con- 
comitant complicating disease. 

Mitral Stenosis (Lutembacher’s Syndrome). 
The combination of atrial septal defect and 
mitral stenosis usually carries the designation. 
*Lutembachers syrndrome" (Figure VI-19). 
In tliis syrndrome, the mitral stenosis may be 
regarded as a c'omplication of atrial septal 
defect. 
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According to McGinn and White (1933) who 
made a comprehensive review of the literature, 
Martineau in 1865 was the first to report an 
example of this condition. Abbott’s case Avas 
described in 1915, while Lutembachers original 
report was made in 1916. McGinn and White 
analyzed 24 cases, and found a distinct predilec- 
tion for the female sex. Gibson and Roos (1935) 
stated that in 22 of their 27 analyzed examples of 
Lutembacher’s syndrome the sex was female. The 
predilection of this complex for the female sex, in 
.iH probability, is related to the tendency for 
mitral stenosis of rheumatic origin to be more 
common in females. 

In the 24 cases reviewed by McGinn and 
White, 11 patients died before the age of 30, one 
patient In’ed to 74. The average age at death w'as 
35 years. According to these authors, this is 
somewhat less than the average age at death of 
patients with mitral stenosis alone or of patients 
with uncomplicated atrial septal defect. Gibson 
and Roos (1935) stated that their patient with 
Lutembacher’s syndrome, a boy aged 10 years, 
was the j'oiingest reported to have died from this 
condition. They stated that Donnally’s patient, 
who died at the age of 2^ days, should not be 
classified as an example of Lutembacher’s syn- 
drome, since the patency of the foramen ovale 
was incidental. In that case (see Congenital 
Mitral Stenosis, page 388), the mitral stenosis was 
believed to have been of congenital origin. 

In Lutembacher’s syndrome the mitral stenosis 
is usually rheumatic and less commonly congenital 
(Soufi^ and associates, 1954). Although Lutem- 
bacher (1916) thought that the mitral stenosis in 
his patient, a woman aged 61 years, was congeni- 
tal, it is possible that the stenosis was rheumatic. 
The atrial septal defect usually taVes the form of 
a patent foramen ovale; this occurred in 18 of 
the 24 cases reviewed by McGinn and Wliile. 

In recent years the term "Lutembacher’s syn- 
drome’’ has fired the imagination of workers, ivith 
the result that more cases of this condition haw 
been reported than probably exist. If the term is 
to retain a specific connotation, caution must be 
exercised in making this diagnosis. The existence 
of an atrial septal defect of sufficient size to be 
significant must be established, and evidence of 
stenosis of the mitral orifice must be incontro- 
vertible (Nadas and Alimunmg, 1952). 

Calien and associates (1952) indicated that, in 
cases of persistent common atrioventricular canal, 
the cJinicjil diagnosis of Lutcinbacher’s syndrome 
may be erroneous. Abbott (1915) published data 


on comparable cases showing that, in patients 
with atrial septal defect, cardiac enlargement and 
pulmonary arterial dilatation were greater in de- 
gree if mitral stenosis was present than if mitral 
stenosis was absent. On the other hand, Gibson 
and Roos (1935) reported that in their 2 cases 
of atrial septal defect, 1 with and 1 without mitral 
stenosis, both hearts showed essentially the same 
degree of secondary effects. In some cases of 
atrial septal defect without associated mitral 
stenosis, enlargement of the right side of the 
heart and of the pulmonary trunk is as great as 
that found in cases of Lutembacher’s syndrome. 

Only 3 of the hearts with atrial septal defect, 
in the pathologic collection of the Mayo Clinic, 
had associated mitral stenosis. Cosby and Griffith 
(1949) found no examples of the syndrome 
among 19 cases of atrial septal defect studied at 
necropsy. Among 45 hearts with atrial septal 
defect obtained from 4 Boston hospitals, Gelfman 
and Levine (1942) found coexisting rheumatic 
disease in 5; only 2 of these were thought to be 
examples of true Lutembacher's syndrome. 

Bacterial endocarditis^ Bacterial endocar- 
ditis is a rare complication of the usual va- 
riety of atrial septal defect \Vhen it Occurs, 
the involvement is almost always on a valve 



Figure VI-19. LufemJjachcr's syndremc in a 
man 51 years of ago. The heart is viewed from 
tlie left, showing the large atrial s<-pla1 defect 
and the rheumatic mitral stenosis. (From Ed- 
wanls, J. E.: FoUgreu!. 3.327-341, 

1918. Reproduced by permission of FoUgraffu- 
ate M(^icine.) 



Figure Vl>20 Subacute bactenal endocarditis complicating Uie partial varict)' of persistent common 
atrioventricular canal m a man 36 years old. 

a Vie>ved from the right, the inferior part of the alnal septum shows a defect Immediately above 
an essentially normal tncuspul valve. Vegetations in the left side of the heart are seen through the 
atrial septal defect The region of the foramen ovale is normally formed. Tlie right ventricle is hyper- 
trophied. (From Tinney and Barnes, 1942. Reproduced by permission of the authors and Afinnesota 
itfedidne.) 

h. Left side of heart. The defect in the inferior part of the atrial septum and the cleft in the 
mitral valve are indicative of the partial variety of the malformation. In addition, vegetations of sub- 
acute bactenal endocarditis are deposited on the anomalous valve. (From Rogers and Edwards, 191S. 


Reproduced by permission 


rather than on the edges of the defect. If one 
accepts the view that bacterial endocarditis 
is usually on a traumatic basis, this localiza- 
tion is explained by the low pressures in the 
atria and the large size of the defect which 
do not subject the edges of the defect to any 
particular stress. Tlie rare occurrence of bac- 
terial endocarditis in atrial septal defect 
agrees with the observ’ations of Lillehei and 
associates (1953) who created atrial septal 
defects in dogs and then injected bacteria 
intravenously, but failed to produce bacterial 
endocarditis. 

Among 45 patients with atrial septal defect, all 
of whom were more than 2 years of age, Celfman 
and Levine ( 1942) found no instance of bacterial 
endocarditis. Jacobius and Moore (1938) men- 
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lioned a case of patent foramen ovale in which 
lesions of subacute bactenal endocarditis were 
present on the Lmbus of the fossa ovalis and on 
the mitral vah'e. Among 19 cases of fatal atrial 
septal defect, Cosby and Griffith (1949) encoun- 
tered 1 case of bacterial endocarditis and stated 
that it did not involve the margins of the defect. 
In the case of Kurz and Fischer (1949), the 
mitral valve was involved by tlie subacute bac- 
tenal endocarditis. In 1 of the cases of Bedford 
and associates (1941), the bacterial endocarditis 
\vw on the wall of the left atrium. It did not in- 
volve the mitral valve nor presumably tbe margins 
of the atrial septal defect. The patient of Geiger 
and Anderson (1947), a woman of 55, had an 
atrial septal defect measuring 3.0 cm. in diameter. 
Bacterial endocarditis involved the anterior leaflet 
of the mitral valve but not the margins of the 
septal defect. Pulmonary infarcts were present. 
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apparently as a result of paradoxic embolism of 
vegetations from the mitral valve. 

Although bacterial endocarditis is rare, it is 
more likely to occur in persistent common atrio- 
ventricular canal and in defects of the lower part 
of the atrial septum than in the usual variety of 
atrial septal defect. Among 56 cases of atrial 
septal defect involving the lower part of the atrial 
septum with associated atrioventricular valvular 
malformations, Rogers and I (1948) found 3 
cases in which bacterial endocarditis involved the 
margins of the defect or the neighboring valves or 
both (Figure VI-20). Perhaps the infrequency 
of this complication is explained by death at an 
early age of many of the patients, and conse- 
quently, by the relatively small opportunity of 
bacteremia to cause such an infection. In the 
Mayo Clinic pathologic collection, 2 hearts with 
the usual x’arietj’ of atrial septal defect h.id nsso' 
ciated mitral valvular disease, believed to repre- 
sent healed bacterial endocarditis. 

Mitral inw^cicncy and tricuspid insuffi- 
ciency. Atrial septal defects, which are part 
of persistent common atrioventriciiJar canal, 
may have varying degrees of insufficiency of 
the mitral valve, tricuspid valve or both. In 
the partial variety, the concomitant cleft 
in the anterior leaflet of the mitral valve may 
make the latter incompetent. In the com- 
plete variety, the common atrioventricular 
valve may be incompetent. 

Among cases of persistent common atrioven- 
tricular canal xvithout atrial septal defect, insuffi- 
ciency of either the mitral /alve or tricuspid valve 
may develop. Under these circumstances, mitral 
insufficiency in my experience h.as been a conse- 
quence of healed bacterial endocarditis. Tricuspid 
insufficiency may complicate dilatation of the 
right ventricle that results from a large left-to- 
nght shunt, coupled perhaps with right ventric- 
uUr failure. The tricuspid valve is basically nor- 
mal but its orifice becomes so large that the valvu- 
lar tissue is inadequate to close it completely. 
The tricuspid or mitral insufficiency is associated 
with significantly elevated atrial pressure, a con- 
dition also present in Lutembacher s sjTidronie. 

Piilfnoiiflrt/ sfenosfs or insufficiency. The clinical 
phj'siologist, when performing c,irdi.ac catlicleriza- 
tion on patients with atrial septal defect, com- 
monly observes sm.nll gradients of pressure be- 
tween the right ventricle and the pulmonary 
tmnk. It has been thoiiglit lliat those gradients 
indicate mild or relative pulmonary stemosis. Al- 


though the pulmonary valve is slightly dilated, it 
IS not as wide as either the right ventricle or 
the pulmonary trunk and, m the presence of a 
large left-to-right shunt, it is responsible for a 
minor gradient of pressure in the absence of or- 
ganic pulmonary stenosis (Weidman ef o)., 1957). 
When pulmonary hypertension is present, the 
pulmonary cusps are stretched, with resulting 
fibrosis, varying degrees of retraction (Figure 
VI-21), and ensuing pulmonary valvular insuffi- 
ciency. Available evidence suggests that pulmo- 
nary insufficiency in atrial septal defect is usually 
the result of pulmonary hypertension (Barber 
cf al, 1950, Leatham and Gray. 1956) and can- 
not be demonstrated in patients with normal pul- 
monary arterial pressures. 

Cerebral Abscess. Cerebral abscess, al- 
though a relatively common complication of 
congenital cardiac disease, is rather uncom- 
mon in atrial septal defect (Tyler and Clark, 
1957). 

Maronde (1050) found at necropsy 1 instance 
among 59 cases of atrial septal defect not asso- 



Figwre VI-21. r«lrnonaiy tnml 
and avcentlmg aorta, from a 
woman 48 years old witli atri.vl 
septal defect and pulmonary hy- 
pertension. The pulmonary trunk 
(lower portion of ilfustmtion) is 
cou-siderahly wider than the aorta. 
Tlie cusps of the pulmonary valve 
arc thickened and retr.icted hy 
fibrous tissue. The availible evi- 
dence suggests tliat tlic putmo- 
reuy valve had been incompetent. 
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dated with other malformations. Sancetta and 
Zimmerman (1950), in a review of the litera- 
ture, encountered 44 cases of cerebral abscess 
complicating congemlal cardiac disease; 3 of these 
had defects of the atrial septum without asso- 
ciated malformations. In the pathologic collec- 
tion of the Ma>o Clinic, cerebral abscess (Cates 
et al, 1947) was present in 2 of the 44 cases of 
atrial septal defect exclusi\'e of the cases sub- 
classified as persistent common atrioventricular 
canal. In both cases, the atrial septal defect was 
of the usual l>pe. 

Significant Rtghl-lo-Lefl Shunlj Cyanosis. 
In uncomplicated atrial septal defect a right- 
to-left shunt may occur, but is of small pro- 
portion, and its presence usually can be de- 
termined only by dye-dilution techniques; 
cyanosis is not present. In some complicated 
cases however, a significant right-to-left shunt 
occurs, and with it cyanosis may appear. This 
late appearance of cyanosis has been termed 
ajanose tardicc. Bard and Curtillet (1889) 
are credited with having introduced this term 
which Maude Abbott (1915) later used as a 
basis of classification of congenital heart dis- 
ease. 

The tu’o ccmmoncst ultimate causes of signifi- 
cant nght-to-Ieft shunt are right ventricular fail- 
ure with elevation of right ventricular diastolic 
pressure, and pulmonar>’ hypertension. The latter 
may be responsible for a significant nght-to-left 
shunt by virtue of increased thickness of the mus- 
cle of the nght \enlricle which may approach 
that of the left \enlricle. Elements of right ven- 
tricular failure abo may contribute to the in- 
creased resistance to filling in instances of pulmo- 
nary h>'pertension. 

In 1949, Selzer and Lewb reviened 180 cases 
of atrial septal defect from the literature and 
found cNadence of chronic cyanosb m 11. One of 
the patients wnth cjTinosis n'as a 35-year-oId man 
who also had a pulmonary' arterial aneurysm. 
Dexter (1936), confirming the findings of Lim6n 
Lason and Alvarez (1949) and of Soulic and 
associates (1954), observed th.st in patients witli 
atrial septal defect who had significant desatum- 
tion of the brachial arterial blood, the pulmonary 
venous blootl was normal!) .sahiratctl. From such 
obsersations, Selzer an<l Lessis, and Dexter staled 
that diffusion of oxygen across the alveolar mem- 
brane is not abnormal in these patients, ex-en in 
the presence of sescre pulmonary vascular dis- 


ease. The desaturation of the systemic blood is 
dependent on a right-to-left shunt, a feature 
which is readily demonstrable by d>’e-dilution 
techniques (Swan et al, 1953; Swan et al, 1954). 

In most patients with atrial septal defect and 
a significant right-to-left shunt, the presence of a 
significant left-to-right shunt usually is also read- 
ily demonstrated. In rare instances, the demon- 
strable shunt is entirely in a right-to-lefl direcb’on 
(Shepherd et al, 1957). Cyanosis, in association 
with atnal septal defect, usually represents a 
complication (Selzer and Lexvis); it had been 
present since birth in only' 2 of the 11 cases which 
they found in the literature. In the majority of 
the others it appeared in the second decade of 
life. 

Paradoxic Embolism. Paradoxic embolism 
usually concerns the spread of emboli from 
the right circulation across an abnormal open- 
ing into the left circulation. Rarely paradoxic 
flow may be from the left side into the lesser 
circulation. Usually paradoxic embolism is a 
manifestation of the right-to-Ieft shunt across 
the atrial septum but, in rare instances, it may 
be across a ventricular septal defect or even 
through a patent ductus arteriosus. For prac- 
tical purposes, paradoxic embolism is encoun- 
tered more commonly in valvular-competent, 
patent foramen ovale than in true atrial septal 
defect, because the former defect is so much 
commoner. It is probable, however, that the 
inddence of paradoxic embolism is lower 
among patients xvilh patent foramen ovale 
than among those with true atrial septal de- 
fect (Beattie, 1923). 

Tlie Iiistorical aspects of paradoxic embolism 
have been redewed by several authors (Abbott 
ct al, 1923, Thompson and Evans, 1930, Hirseh- 
Ixieck, 1933; Ingham, 1938; Young ct al, 1948). 

As a rule, the occurrence of parado.xic em- 
bolism by xvay of a vahoilar-compctcnt, patent 
foramen ovale, is preceded by significant 
pulmonary embolism. Subsequent pulmonary 
embolism produces increased pulmonary' pres- 
sure and is responsible for a right-to-lefl shunt. 
In tnie atrial septal defect, paradoxic em- 
bolism may occur in the absence of pulmo- 
nary’ emboli since a right-to-lcft shunt of some 
degree usually exists. 

Paradoxic emboli lend to re.'ich the cere- 
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bral vessels. As a rule, the p.irado\ic embolus 
is composed of bland thrombotic material, but 
it may contain tumor tissue or infected ma- 
terial. Thompson and Evans (1930) empha- 
sized that, when paradoxic embolism of either 
tumor tissue or bacteria is suspected, one 
must consider the possibility of spread of the 
tumor or infectious process from the lungs 
by way of the pulmonary veins to the left side 
of the heart. 

Cardiac Failure. Cardiac Milure in atrial septal 
defect IS usually predominantly right ventricular. 
Dexter (1956) reviewed this problem and indi- 
cated that failure of the right ventricle is de- 
pendent basically on the amount of ^vork required 
of the right ventricle. Factors that lead to in- 
creased work of the right ventricle are: (1) in- 
crease in its output, (2) increase in pressure that 
it exerts in cases of pulmonary hypertension, and 
(3) possible occurrence of tricuspid insufficiency 
m the presence of a dilated right ventricle. Left 
ventricular failure is said to occur occasionally in 
patients with atrial septal defect. 

In the complete type of persistent common 
atrioventricular canal, subvalvular interventricu- 
lar communications are common. The resultant 
dynamics are those of large ventricular septal de- 
fect and incompetence of the mitral and tricuspid 
valves, in addition to those of interatrial com- 
munication. Failure of both ventricles is prob- 
ably the explanation for early death of patients 
with this type of malformation. 

CAUSES OF DEATH 

In 1954, Braudo and associates reviexved 
the causes of death in 80 patients with afri.il 
septal defect. In only 35 was death related to 
the malformation, and in 25 of these, conges- 
tive heart failure was the responsible cause. 

Heart failure in atrial septal defect may simply 
be related to the effects of the large left-lo-rigbt 
shunt, but in many inst.inces the complicating 
features, either pulmonary hypertension or atrio- 
ventricular valvular disease, are additional precip- 
itating factors. Less common causes of death in 
atrial septal defect include embolism (either pul- 
monary or paradoxic), pulmonary thrombosis 
(Canada ef a/., 1953), subacute bacterial endo- 
carditis, abscess of brain (Sancelta and Zimmer- 
man, 1930; Maronde, 1930), paroxysmal tachy- 
cardia (Dry, 1948), and nipture of a pufmonarx’ 
firterial aiieur>'sm (Selzer and Lewis, 1949). 


SUnCICAL CORRECTION 

The surgical techniques and their indica- 
tions are discussed in Chapter XVIL 

DEVELOPMENTAL BASIS 

The developmental basis for the various 
types of atrial septal defect is discussed in 
Chapter II (page 46), 

Defects at Fossa Ovalis. The commonest 
defects of the atrial septum, those at the fossa 
ovalis, represent incompetence of the valvular 
mechanism of the foramen ovale. Defects of 
this type may be the result of any one or of 
a combination of the following conditions: 
(1) a short valve of the foramen ovale or 
overresorption of the septum primum, (2) a 
perforation of the valve of the foramen ovale 
or ectopic resorption of the septum primum, 
or (3) an e.xcessively large foramen ovale with 
normal development of the valve of the fora- 
men. The last condition may represent a de- 
ficiency in growth of the septum secundum. 

Defects in Lowermost Portion of Atrial 
Septum (Persistent Common Atrioventricular 
Canal). Defects of the atrial septum, which 
are part of the complex of persistent common 
atrioventricular canal, developmentally are in- 
timately related to failure of normal partition- 
ing of the embryonic common atrioventricular 
canal. Deficiencies in the groxs-tii of the atrio- 
ventricular endocardial cushions result in in- 
complete formation of either the tricuspid or 
mitral valve or of both valves, which is repre- 
sented grossly by a cleft in the involved valve 
or valves. Failure of the septum primurn and 
the septum secundum to fuse with the atrio- 
ventricular endocardia] cushions is the basis 
for the atrial septal component of this anom- 
alous complex. Although the older litera- 
ture indicated that the deficiency is entirely 
of the septum primum, W'akai and Ed\\'ards 
(1956) have suggested that this component 
of tJie complex may result from a deficiency 
in upward growth of the atrioventricular en- 
docardial cushions alone or as part of a de- 
ficiency of both the septum primum and the 
septum secundum. Tlie interventricular com- 
munication that is present frequently in the 
complete variety of persistent common ntrio- 



284 


PATHOLOGY OF THE HEART 


ventricular canal may be explained by de- 
ficiency in the downward growth of the atrio- 
ventricular endocardial cushions; this results 
in incomplete fusion of themuscularporlionof 
the ventricular septum with the undersurfaces 
of the atrioventricular valves. Likewise, fail- 
ure of downward growth of the atrioventric- 
ular endocardial cushions is responsible for 
the deficiency in the membranous portion of 
the ventricular septum which often character- 
izes the heart with persistent common atrio- 
ventricular canal. 

Defects in Uppermost Portion of Atrial Sep- 
tum. The developmental basis for the defect 
that lies superior to the fossa ovalis has been 
explained ( Hudson, 1955; Edwards and Helm- 
holz, 1956; Swan el ah, 1957) as an anomalous 
connection of the pulmonary veins. Tlie rea- 

PREMATURE CLOSURE 

Early workers, concerned largely with the 
structure of the fetal heart, concluded that 
practically the entire stream of inferior caval 
blood passed through the foramen os'ale to 
the left atrium. Later studies ( Barclay et ah, 
1944, Barron, 1944; Barcroft, 1947) have indi- 
cated that, although a substantial proportion 
of the inferior caval blood follow's tliis route, 
some of it enters the right atrium and mingles 
there with the blood entering from the su- 
perior vena cava. If sve omit from considera- 
tion tlie still contrm'ersial matter of Uie pro- 
portion of the inferior caval current that 
passes directly to the left atrium, it is clear 
that the left side of the fetal heart must re- 
ceive a considerable proportion of its intake 
by way of the vaUmlar mechanism at the fora- 
men ovale. This shunt is obviously a necessarv' 
mechanism for maintenance of the right-left 
balance in the prenatal development of the 
heart and for its normal postnatal function- 
ing. 

The appearance of the atrial septum may vary 
in premature closure of the foramen ovale. The 
septum maj’ show a properly formed foramen 
ovale but the opening may be closed by a mem- 
brane. This condition may be interpreted as fu- 
sion of the valve of the foramen ovale widi die 
interatrial septum secundum. The foramen ovale 


soning is that, when an anomalous connection 
between tlic pulmonaiy venous s>’stem and 
the superior vena cava is maintained, the 
gradual growtli of tJje Ijcart will result in a 
defect which appears to be of the atrial sep- 
tum. In reality, the defect lies above the true 
atrial septum. 

Ross (1936) suggested a somewhat similar 
Ktsis for this defect. He explained that, in normal 
development, the direct ronnection between the 
pulmonary veins and the heart lakes place be- 
tween the pulmonary veins, on one hand, and the 
portion of the sinus venosus that will become left 
atrium, on the other. If the pulmonary veins ini- 
tially connect to the part of the sinus venosus Uiat 
will become the right atrium, the connection of 
the puImonar>' veins will be anomalous and will 
result in a defect of this tj'pe. 

OF FORAMEN OVALE 

may be absent; that is, the septum secundum ap- 
pears to have grown be>ond its normal bounds, 
leaving no opening (foramen ovale). In still 
other coses, a narrow slitlike opening may be 
noted at the foramen ovale {Wibon et ah, 1953; 
Gresham, 1956), and associated changes reflect 
the absence of normal fiUing of the left side of 
the heart during fetal life and the concomitant 
overburdening of the right side of the heart. Thus, 
the chambers of the left atrium and ventricle are 
noticeably smaller than norma] and the cardi.ic 
chambers on the right side are larger than nor- 
mal. The right v’entricular wall is h>'pertrophied 
and the ductus arteriosus is unusually wade. 

Normally in the fetus the left atrium receives 
blood from two sources; (1) from the lungs by 
way of the pulmonary veins and (2) from the 
tight atrium through the foramen ov'ale. The de- 
velopment to normal size of the left cardiac cham- 
bers seems dependent on blood entering the left 
atrium from both these routes. If the foramen 
ovale closes during fetal life, the left atrium re- 
ceives blood only from the pulmonary veins. The 
volume received is evadently insufficient to cause 
the left cardiac chambers to develop to their 
normal capacities. As will be e-xplafned later, tlib 
underdevelopment is probably the basis for some 
of the postnatal functional disturbances resulting 
from premature closure of the foramen ovale. 

More directly related to fetal well-being is the 
burden that this condition places on the right side 
of the heart. This portion of the heart attempts to 
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accommodate to the greater volume of blood that 
it must carry, but right ventricular failure may 
develop during fetal life. When this happens, the 
fetus shows the same signs of chronic cardiac fail- 
ure that are seen in congestive failure during post- 
natal life. Hydrammon may be associated. 

If cardiac failure develops during fetal life, 
stillbirth may result or the infant may be bom 
alive but be severely edematous (Benner, 1939). 
The infant may appear normal at birth but de- 
velop cyanosis in the neonatal period. This mani- 
festation may be the result of underdevelopment 
of the left atrium and ventricle, and may be ex- 
plained as follows: When the left side of the heart 
IS smaller than normal, it may not be able to re- 
ceive a normal amount of blood, leading to in- 
creased pressure watliin the pulmonary vessels. 
If this pressure exceeds that uathin the aorta and 
if the ductus arteriosus remains open, venous 
blood will be shunted into the aorta. On the other 
hand, if the ductus closes, difBculty may be 
caused by progressive elevation in pulmonary 
capillary pressure resulting from inability of the 
pulmonary veins to empty properly, coupled with 
constant forcing by the right \'enlricle of more 
blood into the lungs. Under such conditions, life 
soon fails from pulmonary edema. 

Wilson and associates (1953) reported on 17 
cases of premature closure of foramen ovale, in 


some of which the foramen ovale was atretic, in 
others stenotic (less than 5 mm. in diameter). 
None of the patients lived more than 5 weeks and 
only 5 of the 17 lived more than 1 dav 

The developmental basis for premature clo- 
sure of the foramen ovale has already been 
suggested (Chapter II). Theoretically it may 
arise in two different ways: (1) The septum 
secundum may overgrow to such an extent 
that no foramen ovale is left (Lehman, 1927; 
Patten, 1938; Wilson et al., 1953, Case 1; 
Brody, 1953, Case 1; see Figure VI-22). Pat- 
ten has pointed out that this malformation is 
a result of local overgrowth rather than of 
developmental arrest (2) Premature closure 
miglit result if, after normal formation of the 
atrial septal complex, the valve of the foramen 
ovale becomes fused to the septum secundum, 
as it docs in the majority of persons some time 
after birth. 

A similar phenomenon might be seen jn the 
heart of the newborn infant in whom the tract 
from the foramen ovale into the left atrium is 
present but narrower than normal (Benner, 1989, 
Case 2; Read and Krumbhaar, 1932; Wilson et 
al., 19S3, Case 2, Gresham, 1956). Gresham 



Figxire Prem.ihtre closure of foramen ovale In an infant. (From P.itten. 1938. Rcpro- 

ducwl by permission of the author and American Joumai of Pathnlogi/.) A. 71)0 salve of the 
foramen ovale is adherent to the septum. B. The fossa ovahs is represented as a small slit. 
C. The largo right ventricle and the small left \entricle are the consequence of lack of trans- 
atrial Bow in the fetus. 
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Figure VI-23. Anmio'sm of fossa ovahs from diabetic ssomnn 55 years old who dietl of 
congestive heart failure resulting from exlensixe myocardial infarction, a. Right atrium. 
Note aneurysm at the fossa ovalis. The probe has passed through a vahular-competent, 
patent foramen ovale and disappeared in the left atrium. Ik Left atrium. The probe has 
passed tlirough the s’alvular-compctent, patent foramen ovale and appears in the left 
atrium. The aneurysm of the fossa bulges into the left atnum. 


noted fibrous endoenref/fl/ t/iicJlcnini; of the left 
atrium and ventricle tn his case and suggested 
that the ventricular change resulted from primary 
premature closure of the foramen ovale which had 
prevented highly oxygenated placental blood from 
entering the left chambers of the heart. An alter- 
nate explanation is that primary endocardial scle- 
rosis existed and that premature closure of the 
foramen ovale was a secondary phenomenon. 
Gresham stated that all preMously reported cases 
had left ventricular endocardial thickening. 

Raeburn (1951) thought that pressure from a 
diaphragmatic hernia was responsible for pre- 
mature closure of the foramen ovale in his pa- 
tient. Brody (1953) reviewed 11 cases, includmg 
2 of his own. Four were taken from the litera- 
ture of the last century. He noted associated 
major cardiac anomalies in 2 of the 11. In the 
case of Vernon, a newborn that lived 4% hours, 
both the aorta and the pulmonary trunk arose 
from the right ventricle and a ventricular septal 
defect was present In the second case (Brody’s 
Case 2), a newborn that lived 36 hours, persistent 
truncus arteriosus and ventricular septal defect 
were also present. 

I have examined the heart of a newborn that 


lived 10 hours, with premature closure of the 
foramen ovale, ventricular septal defect and co- 
arctabon of the aorta. 

Whatever the cause of the valvular de- 
formity, whether developmental or inflamma- 
tory, its presence in the neonatal period means 
that it had developed during fetal life. With 
valvular stenosis present, it is conceivable that 
the left atrial pressure during fetal life might 
have been greater than nonnal and possibly 
greater than the right atrial pressure. Such a 
condition would be similar to postnatal atrial 
pressure relationships, for in fetal life, as after 
birth, there would be a tendency for the valve 
of the foramen ovale to be pressed against 
ihe interatrial septum secundum and to fuse 
with tliis component of the atrial septal com- 
ple.x. 

Similar explanations are applicable to the case 
of Edwards and DuShane (1950) in whicli con- 
genital mitral atresia was associated witli pre- 
mature closure of the foramen ovale (see Con- 
genital Mitral Atresia, page 386). 


ANEURYSM AT FOSSA OVALIS 

Occasionally the floor of the fossa ovalis 19(14). Wien this happens, the foramen ovale 

(septum primum) bulges into either the right is usually, but not alw’ays, closed and the 
pr the left atrial chamber (Lang and Posselt, bulge results because the floor of the fossa 
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is redundant and the pressure is greater in 
one atrium than in the other (Figure VI-23). 
Under ordinary circumstances the bulge 
would be toward the right, since normally the 
left atrial pressure exceeds the right atrial 
pressure. Cases such as Canavan’s (1940), in 
which the aneur>’sm bulged into the left 
atrium, liave been e.xplained on the basis of 


cardiac failure, which in turn resulted in ele- 
vation of right atrial pressure. 

I have observed 6 instances of aneurysm of the 
fossa ovalis, 3 were in adults, 1 was in a newborn 
infant with tricuspid atresia, and the other 2 were 
in children. Each of the latter had a large ven- 
tricular septal defect and the aneurysm protruded 
into the right atrium. 


REMNANTS OF VALVES OF SINUS VENOSUS; GHIARFS NETWORK 


The right atrium of many normal hearts 
contains remnants of the valves of the sinus 
venosus. It may he recalled that, as the de- 
veloping sinus venosus is incorporated into 
the wall of the right atrium, the valve leaflets 
of the sinus venosus (the valvulae venosae) 
project into the right atrial chamber. The right 
valve normally develops into the valve of 
the inferior vena cava (eustachian valve) and 
the valve of the coronary sinus (thebesian 
valve). This evolution of bvo valves from one 
involves a considerable reduction in extent 
and a division into two components of the 
remnants of the right valvula venosa. Nor- 
mally the left valve suffers even greater re- 
duction and its remnants blend with the 
septum secundum of the interatrial septal 
complex. Yater (1929) reviewed the litera- 
ture on the fate of the valvulae venosae and 
reported on a study of a large number of 
hearts of adults from the point of view of 
identifying structures related to these valves. 
Most of the comments that follow are taken 
from his comprehensive and excellent review. 
In a series of hearts lie was able to find a 
variety of changes illustrating gradual pro- 
gression from unusually large but structurally 
normal thebesian and eustachian valves to 
those which showed features resulting from 
embryologic deviation. 

In 16 of a series of 120 hearts, Yater (1929) 
found that, except for the thebesian valve, a ridge 
«as all that indicated tlie previous existence of 
the right %-alve. In 69 cases the x’alve of the 
inferior vena ca\-a was crescentic. In some cases 
tills crescentic valve was thin, transparent and 
distinct from the margin of the inferior vena ca\^. 
In other cases it was firm and merged with the 
nm of the inferior vena cava and the wall of the 


atrium. In 22 cases, he found a fenestrated semi- 
lunar membrane containing one or several small 
openings. In most of these cases the valve was 
ihin. In 7 cases the valve of the inferior vena 
cava was formed in part or entirely by a nehvork 
of fibers resembling a cobweb. In all the fore- 
going cases, the valve of the inferior vena cava 
and that of the coronary sinus were distinct from 
each other. In 2 of Yater’s 120 cases, both valves 
were formed of one membrane. Three hearts had 
a Chian’s network. 

It is evident that the formation of the 
valves of the inferior vena cava and coronary 
sinus always entails a considerable reduction 
in the primitive right valve of the sinus ve- 
nosus from which they are molded. In many 
instances this reduction is so great that these 
valves are scarcely more than vestigial folds. 



Fijfun? VJ-24. Chians nct«oA. Right almim. One 
band the nclworV. (right upper p.irt of figtire) is 
attached to the ensta tcrmfnalis near the month of Uic 
superior vena cava. From a woman 74 >cars of ago. 
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Figure Vl-25 Chian's network From a man 69 
years old (Drawing by Loui'e Horae, Wayne 
County General Hospital. WCGH, 45-A -JoJ ) 


Not infrequently the rcsorptive process, by 
which the valves are shaped, results in fenes- 
tration which in some instances may be so 
extensive that the valvular tissue is repre- 
sented only by delicsite threadlike strands. 
According to Yaler, in keeping with Chians 
( 1897 ) original description, the mere presence 
of fenestrated valves should not be called 
Chiari’s network. In all of Chiari’s cases, some 
of the fibers of the network had some attach- 
ment either to the atrial >vall near the upper 
portion of the crista terminalis or to the atrial 
septum. Tlierefore, the term “Chiari's net- 
work” probably should be applied only to 
reticular formations w’hich possess threads 
with such widespread attachments. TTius, 
Chiorts network may be defined as a network 
of fine or coarse fibers in the right atrium 
with attachments extending from the region 
of the crista terminalis to the vah’es of the 
inferior \-ena cava and coronary sinus, or e>*en 
to the floor of the riglit atrium in the region 
of the orifice of the coronary sinus (Figures 
VI-24 and VI-23). 


Wriglit and Ins associates (1948) examined 
512 hearts in the anatomic dissecting room. In 
9 they found fibrous cords attached to the free 
edge of the x-alve of the inferior \'ena cavn; in 8 
of these the opposite extremities of the cords 
wtTC attached to the atrial wall but not to the 
crista terminalis; in the ninth case the cords were 
attached to the crista terminalis. In keeping with 
the tenets of Yater, Wight and his associates ex- 
pressed the opinion th.it Chiari's network was 
present only in the last case cited. 

Functionallij Chiari’s network is probably of 
no importance usually. Several reported cases 
mentioned in Yater’s review were instances of 
pulmonary embolism in which thrombotic material 
was attacherl to the network. In most cf these 
cases thrombi were also present in the veins of 
the inferior extremities. To interpret the foreign 
matenal in the valve membrane as an embolus 
caught in the network, rather than as a thrombus 
starting at this point, seems plausible. In one of 
Ins cases, Chian (1897) thought that pulmonary 
embolism had resulted frem thrombi originating 
in the network. Rossall and Caldwell (19S7) 
desenbed a case in which an unusually Urge v-alve 
of the inferior \en.i cava had evidently caused 
significant obstruction to fiow of blood. 

Remnants of the left valviilae venosae arc 



Fipire Vl-26. Remnants of left sinus venosus at- 
tached to septum secundum and posterior portion of 
fossa ovalis. 
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frequently present in normal hearts. Tlrese are 
represented by a reticulum of fibers, at times 
resembling chordae tendineae, attached to the 
right side of the atrial septum in the region 
of the posterior half of the fossa ovalis. As a 
rule, these flattened cords or bands do not lie 
free but are intimately attached to the atrial 
septum (Figure VI-26). In rare cases, por- 
tions of the filaments may extend freely into 
the right atrial chamber or, also in rare cases 
such as that of Swan (1898-99), a membrane 
may be attached to the posterior portion of 
the fossa ovalis and extend as a valve flap into 
the right atrial chamber. Although Swan 


thought that the heart in his reported case had 
a Chiari network, Yater’s interpretation that 
it represents remnants of the left valve of the 
sinus venosus seems to be correct. Remnants 
of ibe left valve of the sinus venosus are usu- 
ally of no functional consequence. 

According to Yater, Przewoski m 1896 de- 
scribed networks of fibers in the riglit atrium near 
the mouth of the great veins and along the lim- 
bus of the fossa ovalis. He expressed the belief 
that the networks represented remnants of the 
venous valves of the embrvo. This interpretation 
antedated by a year Chian's more exact descrip- 
tir.ns and inteipretations. 
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General Considerations 

I N THE FEW years since the xvriting of the 
first edition of this chapter the following 
major principles have evolved concerning 
ventricular septal defects: 

1. Ventricular septal defect exhibits a xvide 
spectrum of behavior. Some patients with this 
defect are asymptomatic; others suffer from 
left ventricular failure in infancy or child- 
hood, without cj'anosis; and still others be- 
come c>’anotic in the later stages of this dis- 
ease, usually in adolescence or early adult 
life. 

2. The idea has been championed {Selzer, 
1949; 1954a and b) that in ventricular septal 


defect the behavior of the circulation depends, 
not principally on the position of the defect, 
but rather on its size (Figure VI-27). Two 
major forms may be designated as the “large” 
and the “small.” The diameter of a large de- 
fect is about as large as that of tlie orifice of 
the aortic valve, whereas a small defect is sig- 
nificantly smaller. 

3. Small defects are obstructive and allow 
a normal differential in pressure to be built 
up between the lesser and greater circulations 
(Selzer, 1954a; Blount et al., 1955; Figure VI- 
27a). 

4. Large defects allow free communication 
between the ventricles, and tlie functional re- 
sult is the same as though a single ventricle 


[2M] 
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existed. No essential differential in pressure 
is present between the two ventricles, and pul- 
monary hypertension exists (Dexter et at, 
1950, Blount et at, 1955). 

5. In large defects, the direction of the 
shunt or shunts depends on the resistance to 
pulmonary flow as compared to the resistance 
to systemic flow (Figure VI-27b, c) (Burdrell 
and Wood, 1948, Hamilton ef at, 1950, Selzer 
and Laqueur, 1951, Dammann and Muller, 
1953; Edwards, 1957). The position of the de- 
fect is not a primary factor in determining 
whether a right-to-left shunt occurs. In the 
majority of patients with ventricular septal 
defects the aorta is in direct connection with 
the right ventricle, but if a large ventricular 
septal defect is remote from the aortic orifice, 
e.g., near the apex, the dynamics may be like 
those in large ventricular septal defects lo- 
cated near the aorta (Neill, 1951; Heath et at, 

1956) . 

6. Abbott’s suggestion (1927) that ventric- 
ular septal defect in an adult with cyanosis 
(described by Eisenmenger in 1897) repre- 
sents an entity of a specific cardiac mal- 
formation cannot be supported (Selzer and 
Laqueur, 1951; Blount ct at, 1955, Edwards, 

1957) . It is now thought best to eliminate the 


lenn “Eisenmenger’s comple.x” from classifica- 
tions of cardiac malformations. The right-to- 
left shunt associated with that term is not an 
expression of the anatomic peculiarities of the 
heart but rather, of high pulmonary vascular 
resistance in the presence of a "large” Ven- 
tricular septal defect, regardless of its posi- 
tion, When reference is made herein to the 
term “Eisenmenger complex,” the author will 
assume that it refers to a large ventricular 
septal defect with pulmonary hypertension 
and, in most cases, a right-to-left shunt. 

7. In ventricular septal defect and pulmo- 
nary (or subpulmonary) stenosis the magni- 
tude and direction of shunt or shunts depend, 
not principally on the relations of the great 
vessels to the defect but rather, on the de- 
gree of obstruction to pulmonary flow Com- 
pared with resistance to systemic blood flow 
(Burchell and Wood, 1948; Hamilton et at, 
1950, Selzer and Games, 1953; Blount ct at, 
1955; Edwards, 1957). 

In ventricular septal defect with pulmonary 
stenosis, the degree of stenosis varies and so 
does the behavior of the cardiovascular sys- 
tem. Thus, in mild pulmonary stenosis, the 
functional picture may be indistinguishable 
from that in large ventricular septal defect 



Figure VI-27. Intracardiac circulation in small and large •v’entriciilar septal defect'!. Tl)e circles beside each 
diagram indic.ate the relatne resistance to systemic flow (upper circle) and to pulmonary flow (lower circle). 
(From Edwards, 1957. Reproduced by permission of Cninc (t Stratton, Inc.) 

a. Small \entna»Iar sci^tal defect. The prrlmonary resistance is relatively nonnal, hearing essentially 
normal relationship to the systcnric resistance. Tire shunt is from left to right, the right ventncidar w.ilj js 
not h>-pcrtrophied. f>. Large \cntricular septal defect with pulmonary resistance greater than nonn.il Imt 
slightly lower than systemic resistance. Tlie shunt is from left to right. The pressure in liolh Nentriclcs is 
essentially the same, and the right ventricular wall is hypcrlroplu'etl. f. Large scntricuLir septal dcfivrt 
with pulmonary resistance considerably higher than systemic re^stance. Here the shunt is from right to left. 
A Icft-to-right shunt also may be present, but fr«iu«>tly at this stage of the clMcase it is of inmor nature. 
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without puImonar>’ stenosis. In such patients 
no right-to-loft shunt exists. At t!ie otJicr end 
of tlie scale are hearts with essentially the 
same structural abnormalities but with associ- 
ated severe pulmonary stenosis; such patients 
have a large right-to-left shunt and clinically 
represent classic examples of tlie tetralogy 
of Fallot. At the same time the functional 
changes are similar to those of patients with 
ventricular septal defect without pulmonarj’ 
stenosis, in xx’hom resistance to flow through 
the small pulmonarv* arterial vessels is ex- 
tremely great. 

It thus becomes apparent that, in different 
persons with the same anatomic malformation. 


the functional pictures may be different (Ed- 
wxirds, 1950a). 

In the first edition of this work, the telralogx’ 
of Fallot was discussed under the malforma- 
tions of the cono-truncal region. From a strict 
developmental point of xnew, such a classifica- 
tion is correct. In this edition, however, the 
subject is included in tlie present section on 
Malformations of the Ventricular Septal Com- 
plex. This is Justified by the principles already 
listed, since among cases of ventricular septal 
defect with pulmonarx- stenosis the functional 
variations may be duplicated by instances of 
ventricular septal defect uitlioul obstruction 
to blood flow in the major arterial pathways 
to the lungs. 


VENTRICULAR SEPTAL DEFECT WITHOUT PULMONARY 
STENOSIS 


Applied Anatoimj of Ventricular 
Septum 

In order to define the pathologic anatomy of 
Ncntncular septal defects, it is essentia! to idea 
tify certain anatomic landmarks in the heart, 
especially m the outflow tracts of the xentricles 
where the ma}orit> of the defects occur (Becu 
ct at., 1936). From the right xentneukar aspect 
the significant landmarks are: (1) tncuspiO nng. 
(2) papillary muscle of comis, (3) ensta supra- 
xentricularis, .and (^) aiinuhis fibrosus of pulmo- 
nary val\e (Figure VI-28a). With the heart in 
si/ii, the tncvjspid xaKe has the most inferior 
position of the four structures. The other three 
lie m progressive^ anterosuperior positions, in the 
order gixen. 

The p.ip’.lljr>' muscle of the conus is a portion 
( f the septal w-.ill of the right ventricle into which 
chordae from the left h.ilf of the anterior tricuspid 
leaflet and the ad|.acent nntenur half of the septal 
leaflet of tlip \aKe insert. At times, this structure 
IS a wcll-foimcd papillarx’ muscle, at other times, 
it IS simply the reginii of the septum to which 
the aforcmentionetl chordae att.ach. The ensta 
supraventncul.ans is a ridce of muscle tliat ongi- 
nales at tlie tricaispid ring and arches upward to- 
ward the pulmonary \-aKe .along the septal xvall 
of the outflow tract of the right xentricle. It 
should l>c emphasized that the uppermost portion 
of the right \entricnil.ir outflow tract lies at a 
more superior level in the Ixidv th.in does the 
aortic valve. Tlie crista supraventrieularis corre- 


sponds to the same horizontal level in the body os 
the central portion of the right aortic sinus. It 
should also be pointed out that the entire aortic 
valve IS not confined to the same horizontal level 
of the body. The left aortic cusp, near its Junction 
with the right, bes most superiorly and corre- 
sponds m position to that of the left cusp of the 
pulmonary valve. Tlie rest of tlie aortic valve lies 
more inferiorly in the body, the posterior cusp 
being most infenor. 

With Uiese considerations in mind, let us now 
examine the relations of the left v cnlricular aspect 
of the outflow portion of the ventricular septum. 
From the left ventricular aspect, the outflow por- 
tion of the ventricular septum lies immediately in- 
fenor to the aortic valve (Figure VI-2Sb). An 
imaginary bne drawn through the center of the 
right aortic cusp corresponds to the tissue be- 
tween the papillary muscle of the conus and the 
ensta supraventrieularis of the right side of the 
oulflovv portion of the ventricular septum. The 
membranous portion of the vcntriaiUr septum 
lies postcro-inferior to the papillary muscle of the 
conus when viewed from the right side and is 
overhung by cliorvbe which arise from the septal 
leaflet of the tricuspid valve. The left vcniriailar 
aspect of the membranoas septum lies inferior 
to the commissure between the right and posterior 
aortic cusps and varied amounts of tissue under 
the corresponding valve cusps. Posterior to the 
membranous portion of the ventricular septum is 
the anterior leaflet of the mitral valve and the 
septal leaflet of tlie tricuspid valve. This relation- 
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ship is particularly striking when defects exist 
m this area, in u’bich case the continuity tissue 
of these two atrioventricular valves is readily 
apparent. 

Normally the aorta is in close relationship with 
the right ventricle. Particular reference may be 
made to communication of the aorta with the 
right ventricle in the presence of a ventricular 
septal defect. The communication between the 
right ventricle and the aorta does not necessarily 
represent an abnormal position of the aorta. In 
the normal heart the ventricular septum prevents 
the aorta from communicating with tlie riglil ven- 
tricle; this becomes apparent if a portion of the 
ventricular septum immediately beneath the aoilie 
valve IS excised to create a simulated ventricular 
septal defect. The steps are illustrated in Figure 
\'I-29 

Pathologic Anatomy 

Ventricular septal defects may be divided 


into four groups as follows: (1) defects re- 
lated to ventricular outflow tracts (Figure VI- 
30); (2) defects related to ventricular inflow 
tracts, (3) defects common to both inflow and 
outflow portions of ventricular septum, and 
(4) left ventricular-right atrial communica- 
tions. 

DEFECTS RELATED TO VENTRICOLAR 
OUTFLOW TRACTS 

Defects Posteroinferior to Crista Supra- 
ventricularis. The majority of ventricular sep- 
tal defects inv’olve the outflow portion of the 
ventricular septum and, of these, most but 
not all lie immediately posteroinferior to the 
crista siipraventricularis ( Figure VI-31 ) . Prom 
the right side these defects are seen to lie 
in relation to the chordae whiclj emanate from 
the papillary muscle of the conus. In some 



Figure VI-28. Anatomic features of normal ventricular septum. (From Been and associates, 1956. Hepro- 
diicetl with permission of Gnine & Stratton, Inc.), a. Right ventricular aspect. The septai leaflet of the 
tricuspid valve (S.T.V. ) demarcates the junction of the right atrium (R A.) and ihe right ventricle. The septal 
leaflet of the tricuspid v.alve has been retracted upward to demonstrate the membranous portion of the 
ventncular septum (hatched circle). Anterior and superior to this is llie p.apill.iry muscle of the conus 
(P.Af.C.). From this muscle, chordae cxtcrul to the adjacent portions of the scphal and anterior leaflets of 
the tricuspid valve. Anferostipcnor to tlie papillary muscle of the conus h« the crista siipr.iv'cntricul.ari' 
(C.S.). Anlerosupcrior to the Latter he the pulmonary valve and puhnonar>' trunk. P.T. indicates pulmo- 
nary trunk; R.P.L., right pulmonary cusp, LP.L, left pulmonary cvisp, P.RV., posterior wall of right ven- 
tricle; A R.V., anterior wall of right ventricle, and A.P.Af., anterior papillar>- muscle of tncuspid valve. Tlie 
dolled vertical line corresponds to the center of the right aortic cii'p which lies at the other side of tlic 
heart illustrated in h. b Outflow tract of left ventricle and aorta. Tlie inembranous septum (.V.) lies in- 
ferior to the commissure between the posterior (P.) and the nght (R.) aortic cusps and beneath .adjacent 
portions of the right and posterior aortic cusps. Hie membr.inous septum .also lies .anterior to and in couf.icl 
with the anterior .rspect of the anterior mitral leaflet (A.M.). Hie lift aortic cusp (L.A.L.) has hmi sec- 
fioiied in opening the aortic vahe. P..t/. indicates posterior mitral leaflet; A A.V., anfenor wall of left sen- 
tncle, LC.A., ostium of left coronar> aitcT); and P.T.. piilnioniry trunk. 
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Figure Vl-29 Nomwl luMrt m \ontntnl.ir Mpu! <lcftxt u.»% arliricMlIy crc-aUt! fi» pjlliologic rpttJ' 

men, tlcfcct l>inc m wnunon location for iMlurallv nccurritig cmtnciilar «cpfal ticfrcts. (From nd'^ardi 
and associates, 1934 Ucproduccd by p<Tinis'ion of Cluirlrs C Tlioims. ) a. Tlic defect Jins Iwen crwlt'd 
inferior to the commissure bctvsocn the nght and posUnor (iionwroiinry) aortic cusps (wllJtiii drt'Ie). 
The dotted line indicates (he plane of section llial Mibsoquenlly was made tliroucli tJic heart and whith is 
illustrated in h. b Heart sc-clionwl through aorta ami artifidally crentfsl srntnciilar seiHal dtfect, dewed 
from in front. The right \entncle now c-ommunicates readily with the aorta because of rcmosnl of the 'cn- 
tricular septum. Tins demonstration supports the concept llial, in scnlriaiUr sepl.a! defects which occ<«f in 
relation to the aortic salve, the communication belsvesm the aorta and the riglit ventricle is n natural con* 
sequence of the defect and docs not depend on abnormal position of the aorta. 


instances, the defect docs not extend pos- 
teriorly beyond a line through tlie chordae 
which insert into the papillarx' muscle of the 
conus. In other instances, the defect extends 
beyond this line and involves in varj’ing de- 
gree the membranous portion of the ventric- 
ular septum. Most defects which lie postero- 
inferior to the crista supraventricularis have 
the latter structure as their anterosuperior 
boundary; occasionally a defect is confined to 
the tissue posteroinferior to the chordae which 
insert into the papillary’ muscle of the conus. 
With respect to the left ventricular aspect, 
defects wluch lie posteroinferior to the crista 
supraventricularis on the right side are seen 
to lie inferior to the posterior half of the right 
aortic cusp, and if tliey’ extend to involve the 
membranous portion of the ventricular sep- 
tum, tliey also lie inferior to the adjacent half 
of the posterior aortic cusp. Tliis tj’pe of de- 


fect has been generally classified in the past 
as a defect of the membranous portion of the 
ventricular septum. 

Defects Anterosuperior to Crista Suprax’en* 
tricularis (Figure VI-32). A less common 
x'ariel)' of ventricular septal defect lies above 
the crista supraventricularis. From tlie right 
ventricular aspect, such defects are seen to 
lie immediately beneath the piilmonarj’ valve. 
From the left ventriailar aspect, they He in- 
ferior to the left aortic and adjacent half of 
the right aortic cusps. Tlie membranous por- 
tion of the septum is intact. When defects in- 
x’olve tlie outflow portion of the ventricular 
septum, tlie aortic valve forms one boundary 
of the defect, and the right ventricle com- 
municates with the aorta. At times, the close 
relationship between the right ventricle {in^l 
tlie aorta has been referred to as “dextro- 
position of aorta,” but the implication that 
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the position of the aorta is abnormal is not 
justified (Eisenmenger, 1898; Selzer and Liq- 
ueur, 1951; Edwards et al., 1954). 

DEFECTS BELATED TO INFLOW PORTION 
OF VENTRICULAR SEPTUM 
Defects involving the inflow portion of the 
ventricular septum are entirely related to the 
muscular portion of the septum and in older 
classifications have been called “muscular ven- 
tricular septal defects.” Defects in tliis region 
may occur in any portion of the septum but 
mainly in one of two regions. The commonest 
site is that part of the ventricular septum 
which lies posterior to the papillary muscle 
of the conus and posterior to the membranous 
portion of the ventricular septum ( Figure VI- 
33). From the right ventricular aspect, the 
defect lies beneath the posterior portion of 
the septal leaflet of the tricuspid valve. From 
the left ventricular aspect, the defect lies at 
the junction of the inflow and outflow por- 


tions of the left ventricle and anterior (o the 
posteromedial commissure of the mitral Valve. 
Defects in this region tend to be single. This 
type of defect was seen by Crawford (1936) 
in a 40-year-oId man who also had a gumma of 
the myocardium. The other common site is 
the apical region of the ventricular septum. 
Defects in this location may be single but 
have a tendency to be multiple and may in- 
volve much of the muscular septum (Figure 
VI-34). 

When inflow defects are single, they are usu- 
ally restricted to the apical region as m the cases 
reported by Weiss (1927), Mason and Hunter 
(1937), Konar and Sen Gupta (1954), and 
Heath and associates (1956), and in the case 
of a yak calf reported b>' Wimsatt and Leivis 
(1948). Wlien multiple, they are usually dis- 
tributed along the ventricular septum ]ust behind 
the anterior wall of the heart. The uppermost of 
the defects may be m the outflow tract while the 
lowermost is at the apex of the heart. Commonly, 



Figure \’l-00 Coivmon Uxations of defects fn oufilfni- portion of 
\ entricul-ir septum {I and 2) and in inflmv portion of \cntricular 
septum (3 .md •/). (From Kirilin and associates, 1957. Repro- 
duced by penniSMon of C. V. Mosby Company.) 
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Figure VI-31. T«o cases of ventricular s^al defect related to ventricular outflow tracts which 
he postero-infenor to crista supraventnculans. 

a and b. Right and left sides, respectively, of heart witli ventricular septal defect bring 
postenor to papillary muscle of comis (point of arrow in a S. indicates septal leaflet of tri- 
cuspid vab'e; R., right aortic cusp, F , posterior aortic cusp; and A/., anterior mitral leaflet. 
(From Been and associates, 1956 Reproduced with permission of Gnine & Stratton, Inc.) 

c and d. Defect involving outflow tract of ventricular septum and lying immediately’ pos* 
tcro-inferior to crista supraventriciilans 'This defKt extends posteriorly to involve membranous 
portion of septum Crossing llie defect are cdiotdae which insert into the papillary muscle of 
the conus (point of arrow in c C.S indicates ensta supraventricularis; S., septal leaflet of tri- 
cuspid valve, and P.V., pulmonary valve. In d, the defect is immediately beneath the right 
(R.) and postenor (F.) aortic cusps and immediately m front of the anterior mitral leaflet 
(Af. ). The chordae, which insert into the papillary muscle of the conus and are clearly seen in 
c, are also visible through the defect in d. 
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Figure VI-32. Venlricular septal defect related to outflow portion of ven- 
tricular septum and lying anterosuperior to crista supraventricularis. a. 
Right ventricle. The defect lies above the crista supraventricularis (C.) 
and immediately beneatii the pulmonary valve. It is removed from the 
papilla/)’ muscle of the conus (point of arrow), b. Left ventricular aspect- 
The defect lies in the most anterior portion of the ventricular septum and 
IS remosed from the membranous portion which lies just in front of the 
anterior mitral leaflet (M.). The aortic valve is bicuspid. From a child 
who also had coarctation of the aorta. (From Kirkhn and associates, 1957. 

Reproduced by permission of C V. Mosby Co.) 



Figure VI'33. ^’entricular stpta) defect invobing inflmv {lortion of lentriciil.ir •.epJiim and J>ing inferior to 
septal leaflet of tricuspid \al\e. (From KirVlin and associates 1957. Rvprosluccd by permission of C. V. 
Mosby Compan)’.) a. Right side of he.irt. TJie defect is surrounded by muscle awl lies Infcnor to the sept.i! 
leaflet of the tricuspid v.iUe. I>. Left side of heart. Defect lies some distance from aortic vabc and anterior 
to povleromedial commissure of mitral s.rbc. 
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Figure VI-34. Multiple \enlncular septal defects, in- 
\-olving nuiscular portion of ventnailar septum Probes 
lie in three of the multiple defects which extend from 
the apex to the outflow portion of septum. 


hearts with such defects ha\e great trabectilation 
not only of tlie right \entncle but also of the 
septal wall of the left \entricle. The course of 
the defect through the muscle may be tortuous, 
and careful inspection is sometimes necessary to 
make certain that a defect actually exists. Defects 
of the inflow part of the septum, whether single 
or multiple, may be associated with the common 
x’ariety of defect in the outflow part of the sep- 
tum (Mason and Hunter, 1937, Becu et at , 1956, 
Kirldin et at., 1057, Warden et at. 1957). 

DEFECTS CXJMMOX TO OUTFI-OW A.M) INFLOW 
PORTIONS OF XTINTRICULAB SEPTUM 

On rare occasions a large ventricular septal 
defect is seen which, when viewed from the 
right, lies under the septal leaflet of the tri- 
cuspid x'alve and extends upward to involve 
the membranous septum and beyond to the 
crista supraventricularis. From the left side, 
the defect lies beneath the posteromedial com- 
missure of tlie mitral valve and the adjacent 
portion of the posterior leaflet of the mitral 
valve. The defect continues anteriorly to in- 
dude the membranous portion of the septum. 
Such defects occupy the position of tlie inter- 
ventricular communication present in the 
complete variety of persistent common atrio- 
ventricular canal. They are to be distinguished 
from the latter malformation, howex’er, b)’ the 
intact atriox’entricular valves and by absence 
of an atrial septal defect 


LEfT VE,VmiCUl-AR-niCHT ATRIAL 
COM.MUNTCATIONS 

WTicreas the usual commiinicalion in ven- 
tricular septal defect related to the mem- 
branous septum is between the right and left 
ventricles, in some instances the left ventride 
communicates, not with tlie ri)iht X’entride, 
but with the right atrium (Perry* ei al., 19-19). 
Tliey may take cither of two forms as follows 
(Figure VI-35): (1) Tlie defect of the mem- 
branous septum may he continuous with a de- 
fect in the floor of the right atrium (Buhl, 
1857, .NfcCiiIIoiigh and Wilbur, 194*1). (2) An 
opening in the septal leaflet of the tricuspid 
\*alve may be associated, and the edges of 
this opening may be fused to the right side 
of (he margins of tlie ventriailar septal de- 
fect. In this way, intraventricular communi- 
cation is prevented but the left ventricle com- 
municates instead xrith the right atrium 
(Perry cl al., 1949). In other instances (Cut- 
zeit, 1922; Ilemsath et al, 1938), tlie ventric- 
ular septal defect is of the usual v*arJcty but 
the tricuspid valve is deformed. The septal 
deformity allows primary entrance of arterial- 
ized blood into the right ventricle but the 
vab’ular deformih* allow-s regurgitation of 
some of the arlen'alized blood from the right 
ventricle into the right atrium. 

RELATIONS OF CONDUCmON TISSUE 
TO DEFECTS 

The conduction tissue of the heart appears 
to have a dose relationship to those defects 
dial lie in the outflow portion of the ventric- 
ular septum and posteroinferior to the crista 
suprax’entricularis. It has been observed at 
operation (Kirklin ct al, 1957) that trauma, 
either from a fi.xation-forceps or a needle, to 
tissue lying at the posteroinferior margin of 
such a defect, may cause %'entricular asystole 
or prolonged heart block. 

Although the relationship of the conduction 
system to ventricular septal defects has yet to 
be inv«tigated in detail, nevertheless, observa- 
tions on randuction disturbances during and sub- 
sequent to repair of ventricular septal defects 
support the view that the conduction system in 
hearts with such a defect is placed essentially as 
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it is in normally formed hearts, as described by 
Widran and Lev (1951). Thus, the bundle of His 
and its right and left branches may be related 
closely to defects that appear in the outflow tract 
of the right ventncle inferior to the crista supra* 
1 entrjciilaris. In such defects, the main bundle 
is located in the tissue forming the postero- 
inferior extremity of the defect while the begin- 
ning of the right branch of the bundle of His 
lies more or less parallel to the inferior edge of 
the ventricular septal defect, as the right branch 
runs forward toward the base of the papillary 
muscle of the conus. Beyond this, it turns dowm 
ward along the ventricular septum at some dis- 
tance from the position of the usual type of 
ventricular septal defect. The base of the papil- 
lary muscle of the conus, while grossly related to 
the position of the right branch, lies beyond the 
origin of fibers of the left branch. Tlie fibers of 
the left bundle in the normal heart are so placed 
as to cross toward the left in the tissue inferior 
to the position of the type of defects under dis- 
cussion. The flfnocenfricidar node, lying above 
the base of the septal leaflet of the tric-uspid 
valve and in the lowermost part of the atrial sep- 
tum at a position anterior to the orifice of the 
coronary sinus, is not as intimately relale<l to 
the position of v'entncular septal defects as are 
the main bundle of Hts and its right and left 
branches. Defects in the outflow tract of the 
left ventncle that are superior to the crista supra- 
ventncularis and immediately inferior to the pul- 
monary valve are not closely related to the posi- 
tion of the bundle of His and its branches De- 
fects in the apex of the septum arc not intimately 
related to the position of the conduction system. 
Those defects lying beneath the septal leaflet of 
the tricuspid valve may be related to the position 
of elements of the right branch of the bundle of 
His. 

Incidence of All Types 
In various reviews ventricular sept.!! defects 
constituted about 10 per cent of all cardiac mal- 
formations. In 1949 Scizer reported 12 cases 
of ventricular septal defect which had been 
encountered among 7243 necropsies of persons 
of all ages. In addition, he reviewed cer- 
tain collections of cases in the literature among 
which he found 80 cases of ventricular septal de- 
fect, exclusive of those designated as examples of 
the Eisenmenger complex; the material was from 
patients of all ages, except for the cases reported 
by Gibson and Clifton (1938) whose material 
had been obtained from infants and children. In 


these collected series, Selzer encountered 80 cases 
of ventricular septal defect, 72 examples of atrial 
septal defect, and 40 examples of ventricular 
septal defect with pulmonary stenosis (tetralogy 
of Fallot). Ventricular septal defect was found 
among congenital malformations of the heart and 
great vessels of persons of all ages, in the follow- 
ing frequency: 4 of 44 (Nicholson, 1936); 11 of 
73 (Philpott, 1936), 3 of 36 (Rannels and Propst, 
1937), 6 of 49 (Roberts, 1937); 29 of 169 
(Jacobius and Moore, 1938), 41 of 141 (Claw’- 
son, 1944, 15,597 necropsies); 20 of 223 (White, 
1955, 15,000 autopsies); 32 of 357 (Fontana, 



Fiaiixe VI-3S. Diagranunatic representation of enm- 
mnntcation between left ventricle and right atrium, 
and associated conditions, a. Representation of de- 
fect in case reported by Perry and associates ( 1949). 
•Vote, in addition to defect in membranous part of 
ventricular septum, the double orifice of tricuspid 
valve. Tlie adjacent edges of the two defects are fused 
so that the left ventricle communicates with the right 
atrium. 6. Usual type of defect involving membra- 
nous part of ventricular septum, with communication 
between two ventricles, c. Double onfico of tricuspid 
valve involving septal or mnlinl JeaUct. il. Defects in 
cases reported by Gutzeit (1922) and by Ilcmsath and 
associates (J936). As in a, defect in mcmhr.moiis 
part of the ventricular septum is associated with 
double orilkc of fnctispid sahe. In contrast to con- 
ditions in a. edges of two defects arc not fused, 
e. Defects in cases reported by Buhl (1657) and by 
McCullough and Wdbur ( 1914). In contrast to con- 
difiom in a ami rf, defect of nieniliranons part of ven- 
tricular septum lies above orifice of tricuspid valve 
and is associated with a defect in fltior of right atnum. 
The tncuspid valve is nonnal. (From Perr^, E. L., 
Burchcll, II. B. and Edwards, J. E., Proc. Staff Meet., 
Mevo Clin., 24.195-200, 1919.) 
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Figure VI*36. Central circulation during normal 
fetal life. It is important to recognize that the rewst- 
ance to systemic flow is essentially the same as the 
resistance to pulmonary flow. The pressures in the 
two ventricles and in the pulmonary tnmk and aorta 
are essentially eoual. Blood flows from ductus arteri- 
osus into descending aorta The circles to the right of 
the dungram Indicate the relatiie resistance to sys- 
temic flow (upper circle) and to pulmonary flow 
(losver circle). 


1937). Among 336 necropsies on infants up to 
I year of age, exclusive of stillbirths, Terplan and 
Sanes (1936) found 21 instances (6.3 per cent) 
of congenital malformations of the heart, incliid- 
mg 4 examples of ventricular septal defect. 

Relatice Inctticiice of Various Types 
Of 50 specimens with venlnetilar septal defect 
reported from the pathologic collection of the 
Mayo Clinic by Been and associates (1956), in 
40 the defect involved the outflow portion of the 
vcntnciilar septum. In 35 the defect Lay postero- 
inferior to the crista supravenlnatlaris while in 4 
llie defect was anlcrosuperior to the crista. In 10 
cases single defects were present in the inflow 
portion of the ventricular septum; in 4 of these 
the defect was related to the alriovcnlriciilar 
valves while in C it was in the apical portion of 
the septum. One patient had two defects, one in 
the outflow portion of the veiitncular septum 
posterior to the crista suprav entricubris and the 
other in the inflow portion in relation to the atrio- 
vcntrieular valves. In 27 of a scries of 36 surgical 


cases of ventricular septal defect, which are not 
included in this collection reported by Becu and 
associates, Kirklin and associates (1957) found 
that the defect was restricted to the outflow tract. 
In 25 the defect was posteroinferior to the 
crista supraventricularis and in 2, anterosuperior 
to it. In the other 11 cases the defect was re- 
lated to the ventricular inflow' tracts, and in 8 
of these it was further related to the atriov’en- 
tricular valves. In 1 of the 3 other cases, the 
defect was in the apical portion of the inflow 
part of the ventricular septum; and in 2, multiple 
defects involved the apical region as well as the 
muscular part of the outflow portion of the ven- 
tricular septum. Warden and associates (1957) 
analy7ed hearts with ventricular septal defect 
which they had observed at operation. If the 
types of defects listed are classifled according to 
our terminology, 84 hearts had ventriciiLir septal 
defect without pulmonary stenosis. In 71 of these, 
the defect was in the outflow portion of the 
ventricular septum posteroinferior to the crista 
supraventricularis, in 5 the defect lay superior to 
the crista supraventricularis; in 5, in the inflow 
tract in relation to the atrioventricular valves; and 
in 3. in the apical portion of the ventricular sep- 
tum. Two of the last 3 hearts had multiple de- 
fects. 

Sex Distribution 

Among patients with ventricular septal tlefecl 
males predominate slightly. Among Fontana’s 
patients in the M.ayo Clinic series 18 were male 
and 11 were female. Fontana reviewed the re- 
ports of Selzer ( 1949) and of Selzer and Laqueiir 
( 1951). Of the 118 patients in whom the sex was 
given, 62 were male .and 56 were female. 

Ftmclional and Structural Effects in 

t/nconip/icoferf Cases 

CmCULATIOV IS' FETUS 

During normal fetal life systolic pressures 
in the two ventricles arc essentially equal as 
are the pressures in the systemic and pulmo- 
nary' arteries (Hamilton et al., 1937; Ardran 
Ct at, 1952; RevTiolds, 1956; Figure VI-36). 
Minor differences of magnitudes in pressure 
may accompany hlood flow llirough the duc- 
tus arteriosus from the pulrnonarv’ arteries into 
the descending aorta. In fetuses with ventric- 
ular septal defect of various sizes, the cir- 
culation prohahly docs not differ from that 



MALFORMATIONS OF THE VENTRICULAR SEPTAL COMPLEX 


305 


in the normal fetus, since the ductus arteriosus 
is available for normal flow. 

POSTNATAL. CIRCULATION 

The following discussion of the functional 
features of the postnatal circulation of pa- 
tients with ventricular septal defects of vari- 
ous sizes and at different stages in the dis- 
ease is derived in part from reports (Bing 
et al., 1947; Adams, 1952, Swan and Wood, 
1953, Soulie et al, 1953, Swan cf al, 1954; 
Brown cf al, 1955; Dammann and Ferencz, 
1956) and in part from data obtained in the 
Physiology Laborator)' of the Mayo Clinic 
(made available by Drs. Earl H. Wood, H. J. 
C. Swan, H. F. Helmbolz, Jr., and others). 

After birth, when the tendency for pulmo- 
nary vascular resistance to fall is manifest 
(Reynolds, 1936), the size of the defect be- 
comes of paramount importance. A small de- 
fect presents a high degree of resistance to 
blood flow (Figure VI-27n). It constitutes an 
obstruction between the left ventricle on one 
hand, and the right ventricle and the pulmo- 
nary arteries on the other. The left ventricle 
is then obviously not in free communication 
with the lesser circulation, and a differential 
in pressure is possible in the two compart- 
ments (Baldwin et al, 1946, Dexter et al, 
1947; Vandam et al, 1947; Handelsman et al, 
1948; Cournand ef al, 1949). This happens as 
the pulmonary vascular resistance falls to- 
ward nonrial postnatal levels, and normal 
postnatal changes of the pulmonary arteries 
and arterioles become manifest. Tlie small de- 
fect prevents large volumes of blood from 
shunting from the left ventricle to the lesser 
circulation. The pulmonary and right ventric- 
ular pressures are normal. A large defect, hav- 
ing about the same diameter as the aorta 
(Selzer, 1949), allows free communication 
between the left ventricle on one hand and 
the right ventricle and pulmonary arteries on 
the other. It laclns the obstructive character 
of the small defect (Figure VI-276 and c). 

The blood flows predominantly into the s>s- 
tem having the lower resistance. The tendency 
for the piilmonar}’ %aseiiJ.ir resistance to falj in 
the normal infant after birth is paralleled to Some 
extent by the condition in patients with xcntric- 


ular septal defect (Dammann and Muller, 1953; 
Dammann and Ferencz, 1956). Consequently, 
tlie classic shunt in infants with large ventricular 
septal defect is entirely in a left-to-nght direc- 
tion. Because the pulmonary flow is so much 
greater than the systemic flow and because the 
two ventricles are essentially the same compart- 
ment, the pulmonary pressure tends to become 
elevated and to approach the systemic systolic 
pressure. In infants, the pulmonary diastolic 
pressure is usually significantly lower than the 
systemic diastolic pressure. With time, the magni- 
tude of the left-to-right shunt tends to decrease 
as a consequence of progressive elevahon in pul- 
monary arterial resistance. As the pulmonary 
arterial resistance rises to the general range of 
systemic arterial resistance, a right-to-left shunt 



FiRiire VI.37. Largo ventricular sopt.il defect in a 
male infant 2 of age. a Pidmon.ary tninl and 
onrt.t from ubovc. The pulmonar>’ Inink is obviously 
wider (lian tlie caliber of tiie nonml aort.i /». Left 
atnum and left ventricle Note 'ccond.ir) endocardial 
sclerosis of left atrium and left ventricle, and nnxUratc 
dd.itation of both tJiamlion. 



306 


PATHOLOGY OF THE HEART 



Figure VI-38 Aneuo’sm of fossa osabs in 5->caf-old bo> \Wth sentrinilar septa! 
defect and large left-to-nght shunt at ventncuUr level, a. night atrial aspect. The 
aneurysm of the fossa ovals bulges into tlie right atniini. b. Left atrium. Above 
the mitral valve lies the cavat> of the aneur>''m of the fossa ovalls vvliieh pro- 
trudes into the right atrium 


may become manifest. The right*to*Ieft shunt may 
eventually become dominant. It must be empha- 
sized that pulmonary v’ascular resistance, in the 
range of s>stemic vascular resistance, results from 
complcating organic changes that lakes place in 
relatively large muscular arteries of the lungs. 
These changes will be described in another sec- 
tion and may be regarded as complications rather 
than as an integral part of the pu]monar>’ v’ascular 
response in ventricular septal defect. 

In uncomplicated cases of ventricular septal 
defects, left atrial and pulmonary capillary' (pul- 
monary “arterial wedge”) pressures are normal 
(Calazel et al., 1931). When elevation does oc- 
cur, hovv'ever, it is probably a consequence either 
of left ventricular failure or of associated mitral 
insuQiciency. In either event, such a change is 
best ihoiigbt of as a complication rather than as a 
usual manifestation of the dy’namics of the circu- 
lation in the malformation. 

STRt’CrunAL aiAXGES IX HEART AXD 
PULMONARY VESSELS 

Small Defects. In hearts with small defects 
of the ventricular septum the thickness of the 
two ventricles is usually normal, but the left 
ventricle may be slightly enlarged. The pul- 


monary' trunk is not dilated. Tlie right ven- 
tricle opposite the ventricular septal defect 
and also tJie septal leaflet of the tricuspid 
valve may show hyaline focal thickenings 
(Weinstein, 1926). These are tissue responses 
to the trauma of the jet of blood flowing 
through the small opening from a V'entricle 
having a high pressure to one having a low’ 
pressure (“jet lesions”). The small pulmonary' 
vessels are essentially normal in structure (Ed- 
wards, 1957). 

Large Defects. In hearts vvitli large ven- 
tricular septal defects, the most striking 
change is hypertrophy of the right v’entricle. 
The right ventricular hy'pertrophy is the ana- 
tomic reflection of the increased pulmonary 
and right v’cntricular systolic pressures which 
are equal to or approacli those of the greater 
circulation. The pulmonary arterial sy’stem 
show’s abnormalities at all levels in patients 
with large ventricular septal defects, as well 
as in those with wide, patent ductus arterio- 
sus in which the abnormal channel allow’s free 
communication between the aorta and pulmo- 
narj' arteries. In each of tliese malformations 
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the pulmonary trunk is considerably wider 
than normal and considerably \vider than the 
ascending aorta (Figure VI-37a). The latter 
is about normal in caliber, as represented by 
the cases of Rosedale (1935) and of Warner 
(19-1-4). Young patients have no other sig- 
nificant changes in the elastic pulmonary ar- 
teries while older patients may have atheroma 
of the elastic arteries of the lungs. 

The left ventricular wall is somewhat 
thicker than normal, but the most striking 
change is enlargement of the chamber. This 
change is especially prominent in patients in 
whom a large left-to-right shunt existed dur- 
ing life. The left atrial chamber also may be 
enlarged. Tlie endocardium of the chambers 
on the left side, particularly that of the left 
atrium, may show fibrous thickening or “sec- 
ondary endocardial sclerosis” (Figure Vi- 
37b), apparently as a result of stretching of 
the endocardium of the enlarged chamber. 
The foramen ovale may be closed or may 
show valvular-competent patency. The author 
has examined 2 hearts which had a foramen 
ovale, and an aneurysm of the fossa ovalis 
which protruded into the right atrium. This 
finding serves as anatomic support for the ex- 
istence, in some cases of ventricular septal 


defect (Figure VI-38), of higher pressure in 
the left than in the right atrium. 

Two types of change occur in the smaller ves- 
sels, that is, in the muscular arteries and the 
arterioles. The first type I have termed (Edwards, 
1957) a high-resistance, high-reserve system; the 
other, a high-resistance, low-reserve system (Fig 
ure VI-39). The former type is the usual change 
m patients less than 2 years of age, but may be 
seen in patients of any age. With time, however, 
the pulmonary vascular bed tends to change from 
the high-resistance, high-reserve type of system 
to the high-resistance, low-reserve type. 

The high-resistance, high-reserve type of vas- 
cular bed is essentially like that of the normal 
fetus (Civin and Edwards, 1951; Dammann and 
Ferencz, 1956). It has the following character- 
istics: The muscular arteries of all sizes have thick 
muscular medial layers associated with thick elas- 
tic laminae (Figure VI-40fl and b). At times the 
thickness of the adventitia is increased by dense 
collagen. The arterioles show thick muscular 
medial layers and often %vell-defined elastic lay- 
ers, as well as suggestions of thickened adven- 
titia. The thickening of the muscular medial 
layer extends for varywg distances along the ar- 
terioles, but consistently the first portion of the 
arterioles is most strikingly involved by the medial 
thickening and luminal narrowing. At times the 
muscle fibers of the thickened arterioles are nticuo- 



Ed^^a^ds, 1937, Reproduced with penni>sion of Grune & Stratton, Inc.) 
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Figure VI-40. Pulmomry small imi«cubr arlcrics an<l orlorioles from patients with 
large ventricular septal defects (From Edwards 1057. JU-prodiiccil hy permisdon 
of Grune & Stratton, Inc. ) <i Small muscular arterj' and artcriol.ir branch from 

5- month-old infant watli large scntnculir septal defect and puLnonary hypertension. 
Medial hypertroph> (VcrhoelFs ebstic tissue stain, counterstained %s1lh van Gleson 
connettise tissue stain, X 330 ) b Small muscular artery and arteriolar branch from 

6- >ear-oId child with multiple large sentncular septal defects. Medial h>T>erlrophy. 
Suggestion of intimal fibrous thickening at onpn of artenole. (E1-\C{ X33ri.) In 
a and b the pulmonary bed was designated as that of a lilgh-rt>sistance, high* 

reserve type (see Figure Vl-39). 


lated. Intimal fibrous lesions are usually absent 
or, if present, are few and are restricted to small 
arteries or arterioles. 

In the high-resistance, low-reserve pattern, the 
large muscular arteries show characteristic ob- 
literative intimal lesions. Tlie small muscular ar- 
teries and arterioles may show similar lesions, but 
the majority have thin walls and dilated lumina. 
The intimal lesions inv'oUe arteries as large as 300 
inicra in diameter. These lesions frequently show 
a plexiform arrangement in individual cross-sec- 
tions. In serial sections, the involved segment of 
artery show’s irregularly deposited collections of 
young connective tissue, resultmg in a markedly 
narrowed liunen with irregular configurabon. 
Older lesions are acellular and hyalmized. Hie 
irregular spaces in the lumen of the artery with 
intimal thickening may suggest the appearance 
of an organized thrombus. In my opinion, the char- 
acteristic lesion Is not an organized thrombus, 
although organized thrombi may exist m the same 
cose. 


The intimal arterial lesions which may be seen 
in v'entricular septal defect are obsen’ed also in 
some cases of patent ductus arteriosus, atrial 
septal defect and so-called primary pulmonarv’ 
hypertension (zur Linden, 1924). Some authors 
luve claimed that these lesions are glomus-Iike 
congenita! malformations. Others have suggested 
that they are arteriovenous communications 
(Spencer. 1950, Brewer, 1935). This latter sug- 
gesbon implies that cyanosis which may appear 
in ventricubr septal defect is a consequence of a 
shunt through these hypothetical channels. 
Neither of the claims can be supported, since the 
lesions may readily be demonstrated by serial 
sections to be confined to arteries (zur Linden, 
1924, Evans, 1951; Edwards, 1935; ^^^utaker 
et al., 1953; Heath et al., 1950). 

A remarkable difference is evident in the small 
arteries and arterioles between lungs of the high- 
resistance, low’-reserve type and those of high- 
resistance. high-reserve pattern. ^Vhereas in the 
btter the arteries and arterioles show medial hy- 
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pertrophy with coriespondingly narrow Iiimina, 
most of the small vessels of the high-resistance, 
low-reserve type of lung show wide lumina and 
thin walls. The thinning and dilatation of the vas- 
cular walls are universal, occurring both beyond 
obstructed arteries and m areas where arteries are 
not obstructed. In some cases, the dilatation of 
the small arteries and of the arterioles may reach 
extreme proportions with saccular fomation. 
When these dilated vessels he near the air 
spaces, they may herniate into them. Rupture 
may cause hemoptysis in patients with this type 
of pulmonary vascular bed (Heath et al., 1956). 
Brewer (1955) has indicated that some of these 
dilated vessels represent collateral channels aris- 
ing from pulmonary arteries above the sites of 
obstructed lumina to the vascular bed beyond. 
Heath (1957) has suggested that some are col- 
lateral channels from the bronchial arterial sys- 
tem. The majority of the dilated vessels are nor- 
mal at the sites of origin and termination. 

The location of the intimal occlusive lesions in 
relatively large arteries correlates well with obser- 
vations m postmortem angiographic studies, when 
the arteries show a blunted configuration (Hult- 
gren et al., 1953, Yu et al., 1954). This has been 
called a “pruning” effect by Evans (1951). In 
addition to the intimal lesions, necrosis and 
thrombosis may be observed in the large mus- 
cular arteries (Old and Russell, 1950, Edwards 
and Chamberlin, 1951; Kipkie and Johnson, 
1951, Symmers, 1952, Cosh, 1953; Hicks. 1953). 

The pulmonary vascular bed with occlusive 
intimal arterial lesions often displays a high re- 
sistance to flow. The reason is that the occluded 
arteries are large, often being 0.3 mm. or wider 
in diameter m adults; and, therefore, they chan- 
nel blood to a relatively large part of the pulmo- 
nary tissue. With multiple lesions of this type, a 
considerable amount of the pulmonary vascular 
bed is eliminated from the effective perfusion 
channel of tile lesser circulation, even allowing for 
some collateral circulation to this area from the 
bronchial arteries. As far as the functional capac- 
ity of the pulmonary vascular bed is concerned, 
it IS as though portions of tlie lung liad been ex- 
tirpated. Ferguson and Varco ( 1955) have re- 
moved portions of the lung and produced pulmo- 
nary hypertension by reducing tlie total capaaty 
of the vascular bed and additionally by Increasing 
the flow to the remaining pulmonary tissue. 

Clinical Features 

The varied clinical pictures among patients 


wdth ventricular septal defect have been re- 
viewed by Joly and associates ( 1951 ) and by 
Dammann (1955). Patients with small ven- 
tricular septal defects, as already indicated, 
have normal pulmonary and atrial pressures 
and relatively small shunts. In addition, the 
vvalls of the two ventricles are essentially nor- 
mal in thickness. The resulting clinical picture 
is one of good tolerance to normal conditions 
and exercise, as shown by the roentgenogram 
and electrocardiogram. The major abnormal- 
ities revealed in the clinical examination are 
related to the shunt through a small opening 
and between high and low pressure systems. 
These are reflected in a systolic murmur and 
thrill which are usually most intense at the 
left of the sternum at the level of the third or 
fourth intercostal space. This type of lesion 
has been said to be representative of ven- 
tricular septal defect and is sometimes spoken 
of as the “maladie de Roger.” 

This type of case is now recognized as being 
far less common than large ventricular septal de- 
fects. Whereas patients with small ventricular 
septal defects are usually asymptomatic, having 
abnormalities detected only on physical examina- 
tion, patients with large defects usually have 
symptoms. In earlier stages the symptoms result 
from pulmonary hypertension and from left ven- 
tricular failure caused by the left-to-right shunt. 
These manifestations are followed by symptoms 
resulting from the pulmonary hypertension and 
complicating right-to-left shunt. Cyanosis is not 
present during infancy and childhood. Some pa- 
tients may seem normal during this period, while 
others manifest a variety of pulmonary symptoms, 
often called “attacks of bronchitis or pneumonia” 
or both. These lesions, in all prob.ability, represent 
attacks of pulmonary edema. 

Patients who stirx'ive infancy and chfldhood 
usually achieve a relatively stabilized state dur- 
ing wliich they have a left-to-right shunt of x-ary- 
ing magnitude. In this stage they may be asymp- 
tomatic or, more often, dyspneic on exertion, and 
tlje thoracic roentgenogram clearly shows promi- 
nence of the pulmonary' arterial shadow. The elec- 
trocardiogram indicates biventricular h>-pertrophy 
with predominant enlargement of the left \en- 
tricle and left atrium. In some cases right bundle- 
branch block may be present (Marsico et al., 
1953). 

If occlnsixe intimal lesions appear in the pnl- 
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Figure VI-ll. Tlioraiic roontgcnogr.un’. «i( pilunits of difFerntt ngi-s wilh large- MTifrlcnilar -Miifal defi-etr 
shoNNing changes in the picture with progresMse age as the Lirge kft'tivnght shunt of early life esentii-iHy 
gis« \sa> lo a nghl-to-k'{t slwnt a Frenn a infant. I». rrnni a 7*monlh-oU infant, r. Prtnn a 

2'jesir-olcl child t/ Prom a fJ->cdr-oUI chiltl c and f. Prom a wemuii 


monary tessels, the complicating nglil-to-Icft 
shunt may be responsible for e>anosis (Doiizclot 
et of., 1949). The thoracic roentgenogram, which 
in early stages shosss evidence of cardiac enlarge- 
ment and pulmonary engorgement, at this late 
stage may show only a prominent shadow of the 
pulmonary trunk (Figure VI -41). The pulmonary 
fields become more radiohiccnl as evidence of 
reduction in magnitude of the left-to-nght shunt 
(Dammann and Muller, 1953; Mahaiin, 1949, 
Wiltenborg and Neuhauser, 1955; Dammann and 
Ferenez, 1956). The electrocardiogram shows evi- 
dence of predominant right ventricular hyper- 
trophy, a pulmonary diastolic murmur of pulmo- 
nary valvular insufficienc)’ may be heard, and a 
precordial systolic murmur is usually heard and a 
thrill palpable. Hemoptysis may complicate this 
stage of the disease and is perhaps derived from 
enlarged bronchial arteries (Heath, 1957). Pa- 
tients who have a right-to-left shunt of suffident 
magnitude to cause cyanosis may show polycy- 
themia, digital clubbing, and tlie fainting attaches 
of cerebral anoxia which are common in odier 


forms of congenital canli.ic disease having chronic 
des.ituration of the systemic arterial blood. 

Asrocio/erf Conditions 

Ventricular septal defect Is often associated 
with other malformations, including persistent 
tnmeus arteriosus, complete transposition of the 
great vessels, corrected transposition of the great 
vessels, and the so-called tctralogv' of Fallot (ven- 
tricular septal dcfc-ct with pulmonary stenosis). 
Elxcluding such combinations of malformations, 
Becu and associates (1958) studied at necropsy 
a group of 50 hearts with ventriailar septal defect 
in which no operation had been performed. In 
36, significant cardiovascular malformations were 
not associated vvitli the ventricular septal defect. 
In the other 14, the malformations associated with 
the ventricular septal defect did not form recog- 
nized anatomic complexes of cardiac malforma- 
tions. The four major associated malformations 
observed were atrial septal defects of the u-sual 
variety, patent ductus arteriosus, coarctation of 
the aorto, and vascular rings. In . ’ mstance. 
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the vascular ring when present was characterized 
by a right aortic arch with a retro-esophagea! seg- 
ment and a left-sided descending aorta (Figure 
VI-42). 

Among 36 hearts with ventricular septal defect 
which were observed at operation, Kirkhn and 
associates (1957) found 4 with coexistent atrial 
septal defect, 3 with persistent left superior vena 
cava and 1 each w'tir patent ductus arteriosus, 
congenital mitral stenosis and nght aortic arch. 
Bowers and associates (1955) described the clini- 
cal findings and those at cardiac catheterization 
in a child with ventricular septal defect and 
patent ductus arteriosus. Bond (1951) reported 
2 cases of ventricular septal defect which had 
been reported m the literature as examples of the 
Eisenmenger complex. One patient had patent 
ductus arteriosus associated with the ventncular 
septal defect, the other, mild coarctation of the 
aorta. Warden and associates (1957) reported on 


87 cases of ventricular septal defect observed at 
operation. In 3 the ventricular septal defects were 
multiple and in 8 atrial septa! defects coexisted. 
In 4 hearts the defect was associated with patent 
ductus arteriosus; m 2, coarctation of the aorta; 
in 1, corrected transposition of the great vessels, 
in 5, persistent left superior \’ena cava; and in 7, 
endocardial fibroelastosis. It is probable that the 
last condition may not have represented a mal- 
formation but rather secondary endocardial scle- 
rosis, since this is relatively frequent m patients 
who have ventricular septal defect ivith large left- 
to-right shunts and concomitant dilatation of the 
left ventricle. 

Kurtz and associates (1927) observed ventric- 
ular septal defect and moderate coarctation of 
the aorta m a 14-year-oId boy. Espino-Vela and 
Mata (1956) described a case of ventricular sep- 
tal defect with a right aortic arch and retro- 
esophageal segment. They also described 2 other 



Figure VI-42. Right nortic arch of usual pattern, associated with \entricular septal 
defect, a Right ventricle .md beginning of pulmonary tnmh Jiave been opened; a probe 
has been placet! in tlic sentricnl.ir septal defect which lies just beneath tlic crista snpra- 
\cnfriciil.iris. The prolw lias p.a«<xl into tlie aorta and has appc.ired through the right 
common carotid artery. Tlie aortic arch is over the right bronchus. Tlic branches wliich 
anso from tlie aorta are tlie left common carotid artery, tlie rigid common carotid 
artery (containing probe) and, bc>ond it, the right suliclavian artery, in that order. The 
left suhcl.ivian artery hes to the left of the trachea and Ins arisen from t!)e li.iel of l)jc 
.lorta as its foiirtli brandi. This Is illustrated m h. b. I’ostcnor view of mcvliastinal 
structures. Aorta lias passes! over right bronchus and lias reaclict! left siile of liot!)’ !>>• 
p.issiiiR behins! esophagus. U descends to the left of the esophagus. The left siilicl.isi.m 
artery anses from the junction of the descending aorta and tlic riglit aortic arc!i. 
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cases with a peculiar narrowing of the ascending 
aorta. The author has observed an example of 
so-called double orifice of the mitral valve m 
association with ventricular septal defect, in 
which it seemed that the extra opening may have 
been responsible for significant mitral insuffi- 
ciency. 

Di0erential Diagnosis 

A small \entricular septal defect in a patient 
who IS essentially asianpiomatic and has only a 
murmur and thrill, is to be distinguished from 
pulmonary vaUoilar stenosis and intact ventricular 
septum. 

In infants suffering from excessive pulmonary 
flow and attacks of pulmonary edema, many con- 
ditions must be considered. These include condi- 
tions that cause left ventricular failure in infancy, 
such as patent ductus arteriosus, single ventricle 
without pulmonary stenosis, certain forms of per- 
sistent tnincus arteriosus, tricuspid atresia with 
cut obstruction to pulmonary flow, origin of both 
great artenes from the right ventricle, and the 
complex of ventncular septal defect, subaortic 
stenosis and aortic obstruction. Also included are 
completely persistent common atrioventricular 
canal, coarctation of aorta, stenosis at or near 
the aortic valve, anomalous ongin of left coronary 
artery from the pulmonary tnink, and myocarditis. 
In addition one must consider conditions that 
cause pulmonary venous obstruction, such as con- 
genital mitral stenosis, cor tnatriatum, and pri- 
mary endocardial sclerosis (Ash et al , 1939. Fe- 
rencz et al., 1954; Edwards, 1954), and also ven- 
tricular septal defect and mild pulmonary stenosis 
in patients having only, or predominantly, a left 
to-nght shunt. 

The cjinical picture in infants or children willi 
ventncular sept.!! defect and large left-to-right 
shunts but no sinking evidince of pulmonary 
edema may be confused with that of pab'ents who 
have patent ducbis arteriosus, atrial septal defect, 
single ventricle without pulmonary stenosis, ox 
so-called pnmary pulmonary hypertension of in- 
fancy and childhood (Berthrong and Cochran. 
1955). 

In patients with ventricular septal defect with- 
out pulmonary stenosis, w’ho have obvious cgn- 
nosis, an entirely different group of conditions 
must be considered. Paramount among these are 
vcntricubr septal defect with pulmonary' stenosis 
(tetralogy of Fallot), atrial septal drfect with 
pulmonary hypertension and right-to-Ieft shunt, 
patent ductus arteriosus with “reversal of flow” 
(Figure VI-43), single ventricle witli pulmonary 


stenosis, single ventricle without pulmonary ste- 
nosis but with occlusive changes in the pulmonary 
vuscular tree, and total anomalous pulmonary 
venous connecb’on. So-called primary pulmonary 
hypertension with a righl-to-left shunt at a patent 
foramen ovale should also be considered. 

It must be borne in mind that certain condi- 
tions may be associated with ventricular septal 
defect, and that sometimes only the associated 
condition or only the defect is recognized. For 
example, in the pab’ent with ventricular septal 
defect and coexistent atrial septal defect the find- 
ings at cardiac catheterizab'on usually will indi- 
cate the presence of the atrial septal defect, but 
may not indicate evidence of a left-to-right shunt 
at ventricular level. Similarly, in a patient with 
a ventricular septal defect and patent ductus ar- 
teriosus, cardiac catheterization may indicate the 
presence of the ventricular septal defect but not 
the patent ductus arteriosus. 

Prognosis 

While the older literature leads one to regard 
ventricular septal defect as a condiUon which 
ordinarily causes Lttle difficulty in early life, 
more recent studies (Ash et at., 1039, Marquis, 
1930, Edwards, 1950b; Engle, 1954; Ferenez et 
al., 1954; Hamed et oh, 1933; Becu et ah, 1936) 
indicate that this condition may be lethal in early 
infancy. The prognosis In ventricular septal defect 
seems basically’ to depend on the she of the de- 
fect, patients with small defects generally living 
longer than patients with large defects (Selzer, 
1949). Selzer found that among 38 patients with 
small or medium-sized ventricular septal defects 
only 5 died when less than 1 year of age, 13 died 
between the ages of 1 and 15 y’cars, and 20 after 
the age of 15, Among 31 patients with large or 
extremely large ventricular septal defects, 13 had 
died when less than 1 year of age, 8 died between 
the ages of I and 5 years, and 10 after the age of 
13 years. 

Becu and associates (1956) shidied 34 hearts 
in which a single ventricular septal defect was 
the only significant cardiovascular malformation. 
These hearts were in the pathologic collection of 
the Mayxi Clinic prior to the era of surgery for 
xentricular septal defect. They found tliat in 19 
patients, death was related to the ventricular sep- 
tal defect. In the remaining 15, death was attrib- 
uted to some other condition, usually a major 
malformation in another organ. Of the 19 pa- 
tients who died as a result of the defect, 12 were 
less tlian 1 year old; 4 were 14, 18, 33 and 55 
years of age, respectively. 
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Figure Vl-43. Differences of position in catheter which has entered aorta 
during right ventricular cardiac cathetenzation in a patient with \enlricul.ir 
septa! defect and in a patient with patent ductus arteriosns. These differ- 
ences may be used as important differential points between t!ie two con- 
ditions. 

a and h. Ventricular septal defect. Anleropastcnor and lateral \ieus 
respectively. In the anteroposlcnor roentgenogram the catheter has passed 
through a ventricular septal defect from the right ventricle into the aorta. A 
distinguishing feature of this pattern is that the downward limb of the 
catheter lies farther to tlie patient’s left than does the upward limb of the 
catheter. In llie lateral roentgenogram the catheter in the aorta tales a s« wp 
to a subslernal position before arching backward. 

c and d. From a patient with patent ductus arteriosus. In tlie antcro- 
po'lerior roentgenogram the downward hmb of the catheter in the aorta 
lies to the patient’s nght of the upward hmb of the catheter. In the l.itcral 
roentgenogram the c.stheter does not approach the sternum as it enters 
the aorta. The author Is Indebted to Dr. E- 11. Wood for the illustrations. 
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Complications 

Bacterial Endocarditis. Among patients 
with small ventricular septal defects, the most 
significant complication is bacterial endocar- 
ditis; this complication also may affect large 
ventricular septal defects (SprcnVel and Stew- 
art, 1933; Millman and Komblum, 1936). 
Bacterial endocarditis tends to develop along 
points of trauma (Furlong, 1944). Tlie infec- 
tion may start on margins of the septal defect, 
on the trimispid valve, or on the ventral wall 
of the right ventricle, and extend to other 
points. From the left ventricular side, it may 
extend to the aortic valve. 

Of 535 cases of congenital cardi.ic disease of 
clinical significance anaJj-zcxl hy Abbott (1023). 
40 were examples of ventricuhir septal defect and 
16 of these (40 per cent) «cre complicated by 
bacterial endocarditis. Celfman and Lexme 
(1042) shidied 453 cases of congenital cardwe 
disease. 35 xi’cre complicated by b.ictcrj.11 endo- 
carditis. Of 164 patients of all ages with \en- 
tricular septal defect, 10.4 per cent { 17 patients) 
had bacteri.'il endocarditis; of the remaining pa- 
tients with all other t)pes of congenital cardiac 
disease, onl>' 6.2 per cent h.id tfiis complication. 
Of the 433 patients. 181 were 2 >cars of age or 
older at the time of death; 31 of the 181 had xen- 
tricular septal defects and 13 of the 31 (42 per 
cent) also had bacterial endocarditis. This inci- 
dence of haclenal endocarditis complicating xen- 
triailar septal defect, therefore, corresponds to 
that reported by Abbott. In only 5 of the cases 
of Gelfman and Lex’ine in xvhich the patients 
were 2 years of age or older did the bacterial 
infection involx'e the margins of the defect. 

The higher incidence of bacterial endocar- 
ditis complicating x'entricular septal defect in 
the older group bears out, in a broad way, tlie 
maxim that tlie longer the patient willi con- 
genital cardiac disease surx’ives, the greater 
his chance of acquiring bacterial endocarditis. 
This is related to the chance of repealed ex- 
posure to bacteremia with increasing age. 

Furlong (1944) and others have expressed the 
opinion that a complicating infection is more 
hlcely to develop in hearts in wliich the shunted 
blood has a traumatizing effect than in hearts in 
xvhich there is no such influence. Blumgart 
(1933) pointed out that since the shunt in ven- 


tricular septal defect is from the left to the right 
xxintriclc, emboli from bacterial endocarditis usu- 
ally inx'olvc the pulmonary cimilation rather th.an 
the s>'Stemic circiiJ.ilion, and tb-it posftixe cultures 
of the peripheral blood may he absent. Charac- 
teristically bacterial endocarditis involving the 
right side of the heart lias the following features: 
(1) presence of a cardiac lesion in a right cardiac 
cbamljor; (2) evidence of generalized infection; 
(3) no cxidence of peripheral emboli in the 
greater circulation but, instead, sjanptoms and 
signs of protracterl pulmonary infection caused by 
miiltiplc septic pulmonary jiifamts. Only in far- 
adv-ancxrd disease, xxhen there is necrosis of the 
septic pulmonary' infarcts, do org-misms tend to 
reach the sjstcmic circulation. 

Esplno-Vcla and Mata (1956) oliserved closure 
of a xentncnilar septal defect by tlie adlierent sep- 
tal leaflet of (he tricuspid x-alxv. 'Hicy reasonctl 
111.11 the adhesion xvas the result of healed bac- 
tenal endocarditis. 

Pulmonary Edema, Pulmonary edema is 
the major cause of death among patients xvilli 
large Ventricular septal defects xxlio die in in- 
f.mcx', probably as a result of left ventricular 
failure. 

Occlusive Pulmonarj* Vascular Changes. 
In the review of (he stnictum? changes in the 
pulmonar>' vascular betl in patients with ven- 
IriCTilar septal defect, it was pointed out that, 
among those hax’ing large ventricular septal 
ticfccts, sex’cre occlusive cliangcs may ulti- 
mately result from thickening of the intiina 
of the muscular arteries of the lungs. Tin's de- 
velopment should he looketl on as a compli- 
cation. Tlie occlusive changes arc responsible 
for development of a right-to-left shunt, at- 
tendant cj’anosis and anoxic attacks, and 
rarely (Baumgartner and Abbott, 1929), cere- 
bral abscess in the absence of bacterial endo- 
carditis. 

Cardiac Failure. In addition to left ventric- 
ular failure giving rise to pulmonary oslema. 
clironic congestix’c heart failure is a potential 
complication in patients xx’ith Large ventricular 
septal defects. Usually this hpe of heart fail- 
ure occurs in adult life (Daliymple. IS4S; 
Eisenmenger, 1897; V'ciss, 1927; Stewart and 
Crawford, 1933). 

Rigbt-lo-Left Shunt. It has already been noted 
fliat intimal lesions in the pulmonary muscular 
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arteries may raise the resistance to pulmonary flow 
to exceed ordinary systemic resistance. A chronic 
nght-to-Ieft shunt develops which ma)’ be asso- 
ciated with cyanosis, clubbing of the digits, and 
anoxic attacks indicated by fainting. If for some 
reason the systemic resistance should fall, the 
nght-to-left shunt may be accentuated, especially 
m a patient ha^ong high pulmonary vascular 
resistance. This may account for intensification of 
cyanosis and for death in certain patients with 
ventricular septal defect during the terminal 
phases of pregnancy (Tucker and Kinney, 1945, 
Bond, 1931). Delivery constitutes a hazard to the 
patient with ventricular septal defect, since it 
may be accompanied by a fall in systemic blood 
pressure (Mendelson and Pardee, 1941; Jensen, 
1949, Kerr and Sodeman, 1951). Paradoxic em- 
bolism may occur in the presence of a right-lo-left 
shunt (Richards and Cohn, 1934). Such an em- 
bolism to the coronary system may explain the 
episode of acute myocardial infarction in the clini- 
cal case of Vesell (1934) of a 34-year-old man 
with ventricular septal defect. 

Complete Heart Block. Complete heart 
block may be associated with ventricular sep- 
tal defect, and occasionally may be suspected 
before birth of the infant if the fetal heart 
sounds have a slow rate (Massey, 1948). In 
some patients, even in those having this 
abnormality before birth, the conduction dis- 
turbance may represent a complication rather 
than an accompanying finding in this disease 
(Burchell, 1949; Rogers and Rudolph, 1951). 

In a personal communication to the author. 
Dr. Weldon J, Walker has indicated that, in 
patients xvith ventricular septal defect and com- 
plete heart block, the incidence of corrected trans- 
position of the great vessels is inordinately high. 
He also pointed out that, in the case of complete 
heart block reported by Yater and associates 
(1933), the illustrations indicate the coexistence 
of corrected transposition and ventricular septal 
defect. In that case, study of serial sections of 
tlie conduction system gave evidence that a con- 
nection between the atrioventricular node and the 
bundle of His was absent. 

Hoarseness. Hoarseness may complicate 
the course of a patient with large ventricular 
septal defect, as in the case of Baumgartner 
.and Abbott (1929). The hairscness results 
from paralysis of the left vocal cord and sim- 


ulates that seen in other cardiac conditions, 
either acquired or congenital, in which pul- 
monary hypertension forms a part of the dis- 
ease. 

Pulmonary Arterial Aneurysm. Pulmonary 
arterial aneurysm may complicate the pulmo- 
nary hj'pertension that accompanies large 
ventricular septal defect (Richards and Cohn, 
1954). In Johannsen and Connor's case (1948) 
the defect was associated with a patent ductus 
arteriosus. 

Aortic Insufficiency. In a number of instances 
aortic insufficiency has been associated ivith I’en- 
tricular septal defect (Taussig and Semans, 1940; 
Hurst and Sebemm, 1948; Soulie et ah, 1949; Ash 
and Murphy, 1950, Ascenzi et ah, 1951, Danaraj, 
1956; Winchell and Bashour, 1956). In these 
cases the defect was located immediately be- 
neath the aortic valve, and the murmur simu- 
lated that of classic patent ductus arteriosus. In 
some instances, operation was performed because 
a diagnosis of patent ductus arteriosus was made. 
The right cusp shows fibrous thickening and 
some retraction (Figure Vl-44) which in part 
result from the trauma of turbulence of the blood 
at the aortic valve (Edwards and Burchell, 1957). 

The association of aortic insufficiency and ven- 
tricular septal defect must be distinguished from 
the combination of aortic sinus aneurysm and ven- 
tricular septal defect (Morgan and Burchell, 
1950; Burchell and Edwards, 1951). 

Surgical Correction 

Methods have been perfected for temporary 
extracorporeal circulation during which the in- 
terior of the heart may be exposed and ventricu- 
lar septal defects closed (Kirklin et ah, 1955; 
Lillehei et ah, 1955,- DuShane et al , 1956; Kirk- 
lin et ah, 1957; Warden ct ah, 1957). At present 
patients with small ventricular septal defects are 
not generally regarded ns candidates for surgical 
closure of defects, because of the good prognosis 
without surgical correction. These patients, how- 
ever, should have prophylactic treatment against 
bacterial endocarditis, fust like patients with 
residual lesions of rheumatic fever. Surgical do* 
sure of the defect is indicated in patients with 
large ventricular septal defects, and particularly’ 
in children ivitli large left-to-righl shunts. In 
some children and In most adolescents and adults 
the indications are not as clear-ait, since severe 
occlusive cliangcs may have developed in the pul- 
monary* vessels. Such p.it]'cnls Iiave varying de- 
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Figure VI-44 VtntntuUr septal defect and aortic 
insufRciency, in a S-ycar-oId bo>. 

a Aortic valve The defect lies beneath the 
adjacent portions of the right and postenor (non- 
coronary) aortic cusps. Note fibrous thickening of 
cusps adjacent to defect Dislocation of the aortic 
orifice causes come prolapse of (he cusps and is 
probably mainly responsible for the aortic insuffi- 
ciency. b Roentgenogram of thorax In addition 
to evidence of pulmonary congestion from a large 
left-to-nght shunt, (he heart is enlarged because 
of dilatation of the left ventricle to nhich the 
aortic insufficiency contnbuterl 


grees of right-to-left shunts. In general, the larger 
the right-to-left shunt, the less likely are the pul- 
monary arterial and nght ventricular pressures to 
fall to the desired levels as a result of closure of 
the defect. In infants, a large left-to-nghl shunt 
represents a formidable problem. On the one 
hand, such infants are in great danger of dying 
if the defect is untreated, on the other hand, they 
do not respond well to the major surgical treat- 
ment required to close the defect. As a temporary 
measure, the surgical production of pulmonary 
stenosis (Civin and Edwards, 1950; Muller and 
Dammann, 1932a and b) may be justified; if this 
prevents death in infancy it may be followed by a 
definitive operation for closure of the defect when 


(he patient is older and In's general condition more 
favorable. 

Developmental Basil 

Tlic vurions types i)f ventricular seplal de- 
fects have different explanations for their 
genesis. Simplest to understand arc defects 
of the muscular p.irt of tlic inflow portion of 
llie ventricular septum, xvliicli represent per- 
sistence of the interventricular communica- 
tions in the developing heart (\\^imsatt and 
I.a?wis. 1918). (Sec Chapter H, page 50). 

Tlic common variety of ventricular septal 
defect, which lies inferior to the crista supra- 
xcntricnlaris and inferior to the aortic valve, 
in tlic pjist has been termed membranous ven- 
tricular septal defect, the implication being 
that the defect results from deficiency in de- 
x'elopment of the membranous portion of the 
septum. Although this may explain the de- 
fects that are restricted to the normal territorv' 
of the membranous portion of (he ventricular 
septum, it cannot explain defects that involve 
die tcrrilor)’ of the muscular part of the ven* 
tricular septum. A more acceptable explana- 
tion for tbese defects is that the tissue tlut is 
to form the membranous portion of tJie ven- 
tricular septum fails to make union with die 
tissue of the muscular part of the ventricular 
septum. Even without deficiency in growth 
of tissue, simple failure of fusion would lead 
to an interventricular communication as the 
heart grows in size. 

Defects fj/ing above the crista supravcnlric- 
fiJam and bordered above by the pulmonaiy* 
and aortic valves involve tissue that is derived 
from the cono-truncal septum. These defects 
appear to represent deficiency in development 
of septal tissue of that area. 

Tlie rare defects that lie immediatehj be- 
neath intact otrioi’cntricn/flr valves may be 
e.xplained by failure of fusion between ibe 
atrioventricular endocardial cushions above 
and the muscular part of the ventricular sep- 
tum beloxv. Here again, a simple failure of 
fusion will produce a defect as the heart grows 
and as tw’o tissues, which should have joined, 
are drawn away from each other. 

Defects of the ventricular septum that allow’ 
communication hettveen the left ventricle and 
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the right atrium, may be regarded as tnie de- Twcker and Kinney (1945) have described a 
fects of the membranous part of the ventric- defect in the outflow portion of the ventricular 
ular septum. In the normal heart a portion of septum of the heart of a rUother and that of her 
the floor of the right atrium is formed by fehis. 
membranous ventricular septal tissue. 

VENTRICULAR SEPTAL DEFECT WITH PULMONARY STENOSIS 

Small Defect defect is of minor importance, the behavior 

McCord and associates ( 1957) reviewed the cardiovascular system being then essen- 

hemodynamic spectrum of pulmonary stenosis '’•''"y *at in hearts with an intact ven- 
combined with ventricular septal defect. If septum (Shumaclcer and Lurie, 1953, 

the ventricular septal defect is large, the di- McGoon and Kirklin, 1958). 
rection of shunt depends principally on the 

degree of pulmonary stenosis. If the defect Large Ventricular Septal Defect 

IS small, the pulmonary stenosis becomes the (Tetralogy of Fallot) 

dominant feature and the ventricular septal In most cases in which a ventricular septal 



Figure \'l-45. DmgranimuUc representation of ths intracardiac circulation in the anatomic tetralogy 
of Fallot with mild, moderate and severe pulmonary stenosis and roentgenograms of lliree jllustmtise 
cases, a. Mild pulmonary stenosis ssith only a left-lo-nght shunt h. Ilocntgcnogram of a 10-> car- 
old child, representative of the condition shot\'n in a. c. Moderate pulmonary stenosis witli prt*- 
doininant left-lo-right and small nght-to-lcfl shunt. <f. Roentgenogr.im of a 7-year-old child, repre- 
sentative of conditions shown in c. c. Severe pulmonary stenosis with signific.rnt right-to-lcft shunt. 
/. Ilocntgcnogram of a 3->c.-ir-ol<l child, representative of tlie conrhtion in c. TJie child also hail a 
right aortic arch. (From Cdw.uds. “Recent Concepts of the Function.d Tathology m Ventricular 
Septal Defect." U’frconsiii Med. ]., 56;48l-485, 1937. Rcpnxliiced with permission.) 
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Figure \^-46. Anatomic tetralogy of Fallot with »©• 
lere pulmonary stenosis, a The nght ventricle and 
aorta liave been opened, rev caling tlie characlenstic 
features of the anatomic tetralogy of Fallol. The 
sigmoidal subpulmonary outflow tract of the nght 
v'entricle is shown lying befnwn die crista supraveo- 
tricularis (C.S.) and the ventral wall of llie n^t ven- 
tricle (R.V.). The open pulmonary trunk and pulmo- 
nary valve are shown in b. b. Subpulmonary outflow 
tract of tbenght ventncle and open^ pulmonary valve 
and trunk. The tliick endocardium of the subpulnwiiaiy 
tract of the right ventncle is evident. The tract lies be- 
tween the ensta suprav entncularis (C S ) and the ven- 
tral wall of die right ventncle (H.V.). In the Inferior 
part of the tract, warty vegetations are attached to the 
endocardium wall. The pulmonary valve is bicuspid, 
c. Outflow tract of the right ventricle and opened 
pulmonary trunk in a case of tetralogy of Fallot with 
severe pulmonary stenosis. The outflow tract of the 
right ventricle, which lies between the crista supra- 


defect is associated with ptilmonar)’ stenosis, 
the ventricular septal defect is large and, 
therefore, allows free communication between 
the two ventricles. In the past, the so-callcd 
Ictralog)' of Fallol was believed to have a 
consistent clinical picture. It is now e\ident, 
however, that patients with essentially the 
same anatomic cardiac defects may varj’ 
considerably in their functional and clinical 
manifestations (Figure VI-15). Tims, among 
patients having the malformation which ana- 
tomically may be designated as tetralogs’ of 
Fallot, the functional behavior of the cardio- 
vasctilar system may vary as widely as in 
patients who l>avc ventricular septal defect 
without pulmonaiy stenosis (McCord et ah, 
1957). 

Ilhtorica) Aspects. According to Bennett 
(1946). Sanclifort in 1777 uas tlie first to give a 
clear description of the condition now known as 
the “tetralogy of Fallot." Fallot (IS88) reported 
on the chnicopalhologic correlation of the mal- 
formation in which pulmonary’ stenosis was se- 
\cre. Willins (1048) reviewed accounts of this 
condition published during tlie eighteenth cen- 
tury* and early nineteenth century*, including those 
of William Hunter, Farrc and Cintroc. 

PATHOLOGIC ANA*rO.MV 

Tlie anatomic tetralogy of Fallot consists 
of a large ventricular septal defect, obstruc- 
tion to pulmonary blood Dow (in the lieart, 
at the pulmonary* valve, or in tlie pulmonary 
trunk), ready communication of the aorta 
with botli ventricles abo^’e the %*entricular 
septal defect (so-called de.\troposition of 
aorta), and a tliick right ventricular wall. 
Hearts with this malformation have a striking 
abnormality* of the crista supraventricularis 
(Figure ^^-46). Tliis structure normally* (Ed- 
wards et ah, 1947) arches from the tricuspid 
ring tow’ard the patient’s left and toward the 
pulmonary* valve. In the heart w’idi an ana- 
tomic tetralogy* of Fallot, the crista is more 


ventricularis (C S. ) and the ventral vvall of the right 
v’entricle (/I.V.), is narrow and has a sigmoidal shape 
brought about by the projection of the crista supra- 
ventricularis into the channel. The atretic pulmonary 
valve is illustrated in better prospective in Figure 
VI-48e. 
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vertical than normally and its lower aspect is 
not closely related to the tricuspid ring, but 
rather lies more to the left side, and is related 
to the anterior wall of the right ventricle be- 
tween the ventricular septum and the tricus- 
pid ring. Another difference is in the chordae 
which normally emanate from the adjacent 
portions of the anterior and septal leaflets of 
the tricuspid valve and insert into the ven- 
tricular septum at the papillary muscle of the 
conus; in anatomic tetralogy of Fallot, how- 
ever, they insert to the right of the arista 
supraventricularis, frequently at the lower 
edge of the ventricular septal defect. Tbus, in- 
stead of their normal close relation to the out- 
flow tract of the right ventricle, they are re- 
lated more closely to the origin of the aorta. 
Formerly it was thought that the ventricular 
septal defect in the anatomic tetralogy of 
Fallot was located in the membranous part 
of the septum. The membranous portion of 
the septum, however, may be present in its 
entirety or it may be identified as a rudimen- 
tary structure which protrudes into the space 
between the two ventricles. Tlie ventricular 
septal defect lies posterior to the crista and 
more superiorly than in the usual variety of 
ventricular septal defect. 

In ventricular septal defect without pulmo- 
nary stenosis, the ready communication of the 
aorta with the right ventricle in the anatomic 
tetralogy of Fallot is some^vhat more striking 
than is the communication of the aorta with 
the right ventricle. The ventricular septal de- 
fect should be viewed, not as a true deficiency 
of ventricular septal tissue, but rather as a 
space located above the ventricular septum 
and just below the origin of the aorta from 
both ventricles. 

Usually, the basis for impairment to pulmonary 
blood flow (Brock, 1949; Sellors and Belcher, 
1930, Burke et at., 1951; Berri et al., 1952; BaSes 
et al., 1953; Brinton and Campbell, 1953; Johns 
et al., 1933) in tetralogy of Fallot is the narrow 
suhpulmonanj otitflow tract of the right ventricle. 
This channel, which has been termed “the third 
ventricle,” is bounded by the crista supraventric- 
ularis posteriorly, the anterior wall of tlie right 
ventricle anteriorly and the ventricular septum on 
the left. The caliber of this narrow tract V'aries. 


In some instances it has essentially the same diam- 
eter throughout its course; more commonly the 
Imvermost portion is the narrowest. Occasionally 
(Brinton and Campbell, 1953) there are two 
zones having about the same degree of stenosis 
in this tract. The lowermost region of the subpul- 
monary tract of the right ventricle has been 
termed the ostium of the infundibulum. In the 
past, instances of obstruction restricted to the 
ostium of the infundibulum have been separated 
from those of tetralogy of Fallot in which the 
entire tract showed some degree of narrowing 
(Figure VI-47). 

When the obstruction to pulmonar>’ florv’ is 
restricted to the lower portion of the ostium of 
the infundibulum, the infundibulum above the 
obstruction is usually fairly wide, and the pulmo- 
nary valve and pulmonary trunk are of normal 
width or sometimes ivider than norma!. The pul- 
monary valve then has three cusps whereas, in 
most cases of anatomic tetralogy of Fallot, the 
pulmonary valve is bicuspid (Koletsky, 1941; Fig- 
ure VMfid). Atresia of the subpulmonary tract 
of the right ventricle is rare (Figure VI-48b). 

Next in order of relative frequency to infundib- 
ular stenosis, as a cause of major obstruction to 
pulmonary blood flow, is stenosis of the pulmo- 
nary valve itself. This stenotic valve (Eduards 
et al., 1947) may be the point of greatest obstruc- 
tion to the flow of blood between the right ventri- 
cle and the pulmonary trunk. Sometimes the 
barrier to pulmonary blood flow seems to be the 
result of a combination of stenosis of both the 
subpulmonary outflow tract and the pulmonary 
valve. Significant obstruction may occur at the 
pulmonary valve (Figure VI-48c and d) or there 
may be atresia of the \’alve (Figure VI-48<? and 
/) caused either by fusion of the pulmonary cusps 
or by absence of a continuous channel between 
the right ventricular cavity and the pulmonary 
trunk. The ptilmonarj' trunk is usually narrower 
than the aorta and narrower than normal, but 
may be of normal width or wider. 

Least common among the causes of obstruction 
to pulmonary blood flow is riarroicing of the pul- 
monary trunk. In most instances of tetralogy of 
Fallot, the pulmonary trunk is narrower than nor- 
mal but is not the narrowest portion of the chan- 
nel leading to the pulmonary arteries. Barely the 
pulmonary trunk is stenotic (Chase, 1929; East 
and Barnard, 1938; Feldman and Snook, 1938; 
Sternberg ct al., 1947) or atretic and resembles a 
fibrous cord (Greenspon and Leaman, 1939, .Mis- 
kail, 1945). 

Aruitomic tetralogy of Fallot with atresia of the 



320 


PATHOLOGY OF THE HEART 



Figure VI-47. Stenosis ol ostium infundibnii from a 47-}ear-oIJ man, a patient of Civln and 
Eduards (1930). a. The nglit %cntnc)c and the puknonar>' s.iKe. Camlal In the pulmonary 
valve, the outflow tract of the nght ventnclc is narrovvw! by a fibrous collar, h. Tlie opened 
pulmonary valve and cephalic portion of the right ventricular outflow tract. At the caudal 
portion of the tract is shovv-n the unopcncvl collar. comtituUng stenosis of ostium infundibuli. 

Functionally, tlus is classed as ventncular septal defect witli mild pulmonary stenosis. 


lower portion of the pulmonary trunh has been 
called “truncus arteriosus” by Taussig (1947o and 
b). Cooley and associates (1949) referred to this 
type of malformation as “pseudolnincus arterio- 
sus" and, in so doing, adopted Taussig's designa- 
tion. From a developmental point of \ie\v, how- 
ever, the term “tninciis arteriosus” for this condi- 
tion should be avoided, the presence of a pul- 
monary trunk, even though it is atretic, and of an 
aorta is sufficient evidence that the truncus ar- 
teriosus has been partitioned. 

In most instances of pulmonary atr«ia, the left 
and right pulmonary arteries are present and 
patent, rarely eitlier the left or the right pulmo- 
nar>’ artery’ is absent. Blalock (1948) noted, at 
operation or necropsy, absence of one of the 
pulmonary arteries in 9 of 610 patients operated 
upon for pulmonary stenosis. In anatomic tetral- 
ogy of Fallot, the left pulmonary artery is usually 
the one tliat is absent (Emanuel and Fattinson, 
1956). A right aortic arch is present in about 60 
per cent of these cases. 

Constriciion of the pulmonary trunk at its bi- 


furcation. with involvement of the origins of its 
branches, is occasionally obsen’ed in patients with 
ventncular septal defect and pulmonary’ stenosis 
(Shumacker and Lurie, 1933; Spndcrgaard, 1954; 
Coles and Walker, 1936; Williams et al., 1937). 
Spndergaard suggested the term “coarctation of 
Uie pulmonary artery” for this condition, a Wevv 
supported b>’ Coles and Walker. It is not >et 
known whether the constriction is congenital or 
acquired and, for this reason, it is preferable to 
use the less definitive term, postcalcular stenosis 
of the pulmonary artery, proposed by Williams 
and associates. 

Absence of the pulmonary valve is occasionaUy 
encountered (Case 1 of East and Barnard, 1938; 
Sternberg et al., 1947). Campeau and associates 
(1957) noted absence of tlie pulmonarj* \-alve, 
associated with a single coronary artery and a 
large wntricular septal defect but no pulmonary 
stenosis. In many instances of tlie anatomic 
tetralogy of Fallot, the pulmonary cusps may 
show peculiar e.TCrescences representing focal 
concentrations of loose connective tissue. Because 
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Figure VI-48. V'’arying causes of obstniction to tlie pulmonary blood flow. a. In 
serial sections of the heart and pulmonary tnink, no connection was found between 
the right ventricular cavity (RD.) awl the pulmonary tmnk (P.r.). V.S D. in- 
dicates ventricular septal defect, C.S , crista supraventncularis; R.V., nght ven- 
tricular cavity. (EI-\G, X4.) b. ^orta and pulmonary trunk in cross section 
.it the base of the lieart. Tire pulmonary valve is bicuspid and is only mildly 
stenotic, c. Pulinon.iry valve from above, the pulmonary tnink b.is been opened 
longitudinally. The valve is bicuspid and stenotic, d. Piilnionar>’ valve from 
above; the pulmonary trunk has been opened longitudinally. Severe pulmonary 
stenosis is present, c. Pulmonary vahe from above, the pulnion.nry tnink lias been 
opened longitudinally. The two cusps of tlie bicuspid pulmonar>' valve are 
fused to fomi an imperforate dome-shaped structure, f. One of a series of serial 
sections through the pulmonary trunk and outflow tract of the right ventricle. 
The pulmonary valve (P.V.) is anomalous and has no v.alvular stnicture. In- 
stead, a plate of )oung connective tissue lies between the pulmonar>’ trunk (P.T.) 
above, and the right ventricle (B.V.) below. (HcmatO'cylin and eosin; X30.) 



322 


PATHOLOGY OF THE HEART 



Figure vr-49 Anomalous coronary arteries associated svilli anatomic tetralogy of Fallot, a. Tlie riglit 
coronary artery docs not arise as an independent vessel. Only one cort)nar>’ artery, llie left coronary 
artery (LC ), is present. It has it» usual branches, namely, the anterior (lesccmling (A.D,), the left 
eircumflc'c (Lcir.) artenes, in addition, it gises rise to the right coronor>' artery (llC.) sshlch erotset 
the front of the outflow tract cf the right vcntnclc on its way to the right .atriosentriCTiUr sulcus, h. Ab- 
sence of the origin of the left coron.ary artery. Only a single artery, llic nglit coronary' artery (R.C.), 
emerges from the aorta From tins vessel arise Uie left circitmflcs coronary artery (L.c/r.) and a large 
branch which crosses the front of the outflow tract of the right ventricle (A.D.) on its way to the 
anterior interventricular sulcus. The right coronary artery its<-If contimics directly into the right alno- 
ventnciilar sulcus. 


this appearance is mast striking m hearts <if new’- 
bom infants and is less often seen in older Indi- 
viduals, it may be that, w-ith growth as tissue is 
incorporated in the valve cusps, some of the 
changes are effaced. 

Usually the aortic cahe is normal, having three 
well-formed cusps. Rarely the three cusps are of 
unequal size Sometimes there are four cusps, 
three being essentially normal and the fourth, 
rudimentary. Histologically, the aortic wall is 
normal, but the wall of the pulmonary tnink is as 
thin as a vein, its media being thm and its elastic 
fibers often discontinuous (Heath et ai , 1958). 

The coronary arteries arise from the aorta and 
frequently their ostia are located m anomalous 
positions with respect to the aortic sinuses. Occa- 
sionally one coronary artery may be absent. In 
Bach’s case (1928) only the right coronary artery 
was present. In one specimen examined by the 
author, the ostium of the left coronary artery was 
stenotic but the vessel beyond this point vvxis of 
normal caliber and the right coronary artery was 
normal, the wall of the left ventricle showed wide 


areas of scarring, resembling a Iiealetl infarct. A 
large branch of the right coronary artery often 
descends along the anterior wall of the right 
ventricle in relation to its outHovv tract, especially 
if atresia of the main left coronary artery is asso- 
ciated. Branches from the right coronary artery 
may proceed to the apex of the right ventricle 
or may anastomose with branches of the anterior 
descending coronarj' artery in the anterior aspect 
of the heart. The anomalous position of such a 
prominent branch from the right coronary artery' 
must be recognized in performing corrective sur- 
gery', since it lies close to tlie usual site of right 
ventriculotomy'. This is also the case when the 
right coronary arterial ostium is closed, and large 
collateral vessels from the left coronary artery 
cross on the anterior surface of the base of the 
right ventricle to reach the right atrioventricular 
sulcus (Figure VI-19). 

A cardinal feature of the anatomic tetralogy’ of 
Fallot is increased t/iicAcning of the right ventric- 
ular wall which usually equab or exceeds that 
of the left ventricle. This is understandable since 
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the right ventricle shares with the left the func- 
tion of supplj’ing blood to the aorta. In this con- 
dition the right ventricle resembles that of the 
normal fetus in that the right ventricle and the 
left each acts as a systemic ventricle. Patten 
(1946) emphasized that the thich right ventricu- 
lar wall in tetralogy of Fallot, therefore, represents 
persistence of a fetal relationship between the 
two ventricles. The chamber of the right x-entri- 
cle may be of normal size, but often it is some- 
what larger than that of the left ventricle. This 
enlargement is e.vpiained by the return of more 
blood through the systemic veins to the right 
side of the heart than is returned through the pul- 
monary veins to the left side of the heart The en- 
larged and thickened right ventricle characteris- 
tically forms the cardiac apex (Pescatore et al., 
1959). 

Gasul and associates (1949) reported the oc- 
currence, in a girl aged 0 years, of atrial septal 
defect and enlargement of the left ventricle m 
association with tetralogy of Fallot; left axis de- 
viation was demonstrated in the electrocardio- 
gram during life. Cooley and associates (1949) 
reported that, in a boy aged 3 years and 8 months, 
the clinical and angiocardiogiaphic findings were 
consistent with those of the anatomic tetralogy of 
Fallot, but the electrocardiogram shoived left axis 
deviation. In a case reported by Taxissig (1947b), 
the left ventricle was larger than the right. Paul 
and associates (1954) observed electrocardio- 
graphic evidence of left ventricular hypertrophy 
in a cyanotic infant who was thought to have 
atresia of the tricuspid valve. Subsequent exami- 
nation revealed anatomic tetralogy of Fallot \vith 
pulmonary stenosis and enlargement of the left 
v’entricle. 

The foramen ovale often is valvular-competent 
and patent, but a true atrial septal defect is un- 
common. The complex of patency of the foramen 
ovale, associated with the other features of the 
anatomic tetralogy of Fallot is sometimes referred 
to as the “penfology of Fallot.” 

INCIDENCE 

In a study of 357 hearts with congenital mal- 
formations of the heart and great ^’essels at the 
Mayo Clinic, Fontana (1957) found 28 instances 
of the anatomic type of tetralogy of Fallot (8 
per cent). BrinJon and Campbell (1953) not^ 
various types of congenital cardiac malformations 
in 55 necropsies in Cuv's Ifnspilal during the 
years 1947 to 1950 .and encountered 25 hearts 
with the tetralogy of Fallot. This relatively high 


incidence may be explained by the relatively high 
percentage of patients avith this condition ivho 
were seeking medical and surgical advice. 

Ober and Moore (1935) studied malforma- 
tions of the heart causing death in the neonatal 
period. They found the tetralogy of Fallot in 4 
per cent, as compared with 15 per cent in the 
series of Abbott (1927). The relatively low inci- 
dence of 4 per cent in Ober and Moore’s study is 
undoubtedly explained by the derivation of their 
material from a selected group of young persons. 
In general, patients with anatomic tetralogy of 
Fallot die at older ages than patients with many 
other cardiac malformations. 

Among 49 persons with malformations of the 
heart in whom specific diagnoses were made at 
the Charity Hospital in New Orleans, 3 had the 
tetralogy of Fallot (Roberts, 1937). 

SEX DISTRIDXrriON 

Of the 27 cases studied by Fontana (1957) in 
which the sex was known, 16 were males and 11 
females. Of 25 cases of anatomic tetralogy of 
Fallot with pulmonary stenosis (no cases of pul- 
monary atresia) reported by Brinton and Camp- 
bell (1953), 11 were in males and 14 in females. 

FONCriONAL AND STnUCTURAL EFFECTS 

The essential functional disturbances of the 
tetralogy of Fallot with severe pulmonary ste- 
nosis have long been understood from corre- 
lated studies of the clinical and morphologic 
features (Fallot, 1888, Young, 1907). 

Studies of cardiac catheterization, peripheral 
oxygen saturation, and angiocardiography (Grish- 
man cl al., 1941; Siissman et el., 1943; Eskildsen, 
1944, Keith, 1948; Cooley cf al., 1949; Campbell 
and Hills, 1950; Holling and Zak, 1950; Keyes 
ct al., 1951; Loive, 1953) have gii-en braider 
understanding of the functional delations. 

Tlie Fetal Slate. In normal fetal life, the 
two major systems of circulation are in free 
communication by way of the ductus arterio- 
sus and, therefore, the existence of a large 
ventricular septal defect is basically of no con- 
sequence. In anatomic tetralog>' of Fallot in 
wlilch the puJmonar)’ stenosis is severe, the 
reduction of flow from the right ventricle into 
the pulmonar)’ trunk is coinpensaltKl by the 
flow from the right ventricle into the aorta. 
In such cases it is probable that tlic direction 
of flow in tbe ductus arteriosus during fetal 
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life is from the aorta into the pulmonary trunk. 
In some patients with severe pulmonary ste- 
nosis, the ductus arteriosus may be absent or 
not identifiable by the time of birth. Such 
findings must be interpreted to represent, not 
failure of formation of the ductus arteriosus, 
but rather early obliteration, the channel hav- 
ing been used too little as a consequence of 
the associated malformations. 

The Postnatal State. After birth, in hearts 
wth large ventricular septal defects, the de- 
gree of obstruction to pulmonary flow be- 
comes the determining factor in the behavior 
of the caedfavascu}ar system (Selzer, 2931). 
Patients with the anatomic tetralogy' of Fallot 
may be classified into three groups, depend- 
ing on the degree of resistance to pulmonary 
flow compared to systemic flow, namely, those 
with (1) severe, (2) moderate and (3) mild 
pulmonary stenosis. One may assume that se- 
vere pulrnonary stenosis or atresia is present 
when the resistance to flow through the ste- 
notic channel is greater than the resistance to 
flow through the systemic circulation, mod- 
erate, when the resistance to flow through the 
tract leading to the pulmonary arteries Is 
about the same as, or slightly less than, that 
in the systemic circulation, and mild, when 
resistance to flou' through the stenotic chan- 
nel is distinctly less than through the sy’stemic 
circulation. 

Severe Pulmonary Stenosis. An essential 
feature of the anatomic tetralogy of Fallot 
with severe pulmonary stenosis is that the 
right ventricle supplies blood to both the 
aorta and tlie lungs. Since the systemic sys- 
tolic blood pressure is within normal limits 
(Baker et al., 1949), the right ventricle, which 
shares with the left ventricle the function of 
supplying blood to the aorta, must exert sys- 
temic pressure. Thus the condition resembles 
that in the normal fetus, in which both ven- 
tricles supply blood to the systemic circula- 
tion. In the fetus tlie right ventricular wall is 
as thick as the left, because the two ventridw 
exert similar pressures (Hamilton cf al., 1930). 
In anatomic tetralogy of Fallot, the thidmess 
of the right ventricle is explained in a similar 
manner (Paffen, 1946). Cafheten'zafi’on stud- 
ies have demonstrated right ventricular hyper- 


tention. Moreover, simultaneous readings 
show that the systolic pressure of this chamber 
is like that in the aorta (Bing et al., 1947; 
Dexter et al., 1947; Lagerlof et al., 1949). The 
pressure within the major pulmonary arteries 
Is understandably lou', u^hile the character- 
istic difference in pressure between the right 
ventricle and the pulmonarj’ trunk is ex- 
pLiined by the interposilion of the zone of 
stenosis. 

Dow and .associates (1950) reported that, in 
the tetralogy of Fallot, pressure tracings suggested 
stenosis both of a vaK-uIar orifice and of the Io^ver 
portion of the snhpufmonary tract. The basis for 
this Interpretation was that the sj'stolic pressure 
in the outflow tract of the right ventricle ^^'as 
greater than that in the piilinonar>’ trunk and less 
than that in the main portion of tlie right ven- 
tride. The volume of pulmonarj’ blood flow is less 
tlian nonnal. The right*to-Ieft shunt from the 
right ventricle to the aorta may be demonstrated 
by angiocardiographic studies and by dye-dilution 
studies (Swan et al., 1933) such as a short circu- 
lation-time from arm to tongue (Cordon et al., 
1953). Quantitation of the degree of right-to- 
left shunt is also possible by the dye-dilution 
method. 

Sys/cmic arterial dcstniction in tlie ana- 
tomic tetralogy of Fallot with severe pulmo- 
nary’ stenosis (Burchell, 1947; Campbell. 
1948) is dependent in a large measure on 
two dosely interrelated factors: (1) a shunt 
of venous blood from the right ventride into 
the aorta, and (2) diminished pulmonary’ 
blood flow. In general, the greater the de- 
gree of pulmonary' stenosis, the more blood 
wdll flow from the right ventride into the 
aorta. At the same time, it must be realized 
that the blood which flow's from the left ven- 
tride into the aorta has passed through the 
lungs, having entered the lungs through the 
pulmonary trunk and collateral channels. Tlie 
gross barrier to pulmonary' blood flow is fixed 
at a given time. All other factors being equal, 
the amount of blood which will flow to the 
lungs through the area of pulmonary stenosis 
Avill depend on the le^'cl of the resistance to 
systemic blood flow. 

In patients with the anatomic tetralogy of Fal- 
lot and severe pulmonary stenosis, a se\'ere faU in 



MALFORMATIONS OF THE VENTRICULAR SEPTAL COMPLEX 


325 


systemic blood pressure is accompanied by a pre- 
cipitous decrease in the oxygen saturation of the 
peripheral arterial blood (Burchell and Wood, 
1949; Hamilton et al., 1950). These reactions 
probably depend on greatly altered resistance to 
systemic flow. With the changes in systemic blood 
pressure induced by administration of tetraethyl- 
ammonium ion and phenylephrine hydrochloride 
(neosynephrine hydrochloride), Burchell and 
Wood observed no significant change in the oxy- 
gen saturation of the arterial blood. Moreover 
positive-pressure breathing faded to cause a de- 
crease in oxygen saturation of the arterial blood, 
although this procedure might be expected to 
raise the resistance to pulmonary blood flow. 

During exercise, patients with this defect char- 
acteristically have intensificabon of cyanosis and 
a fall in the oxygen saturation of the peripheral 
arterial blood (Rutledge and Adams, 1947, Mont- 
gomery et al., 1948). This phenomenon is prob- 
ably dependent on several factors, including in- 
creased uptake of oxygen by the tissues, increased 
cardiac output, decreased resistance to systemic 
flow, and possibly increased resistance to pulmo- 
nary blood flow (Burchell et al, 1950). Angio- 
cardiographic studies indicate that the subpul- 
monary outflmv tract of the right \'cntricle nar- 
rows wth ventricular contraction (Boesen et al, 
1958). 

Endocardial Thickening of the Subpulmo- 
nary Tract is the result of formation of col- 
lagen and elastic tissue (Figure Vf-50) and 
adds to the irregularity of the contour of the 
channel and to an accentuation of the obstruc- 
tion. These deposits may represent the re- 
action to the trauma of the blood which flows 
through the stenotic region. Brock (1949) has 
emphasized that the secondary changes in the 
lining of the subpulmonary tract make the 
channel more rigid and progressively more 
stenob'e. In addition to endocardial thicken- 
ing at the site of the major obstruction, sec- 
ondary thickenings also occur beyond this 
region. The latter are thought to result from 
the trauma of impact of jets of blood originat- 
ing at the primary site of obstruction (Figure 
VI-50(I and c). 

Collateral Supply to the Lungs. One of 
the consequences of severe obstruction to 
pulmonary blood flow is the presence of en- 
larged collateral vessels to the lungs (Figure 
VI-51). Tins s>’stcm seems to develop with 


increasing age of patients. Thus, Bing and 
associates (1947) found that young patients 
had little evidence of blood flow through the 
lungs beyond tliat which flowed through the 
pulmonary trunk, while older patients had 
evidence of collateral circulation. This obser- 
vation, in general, supports the concept that 
the better the collateral circulation to the 
Iimg, the more likely the patient is to survive 
severe obstruction to pulmonary blood flow. 

The Bronchial Arteries are important col- 
lateral pathways to the lungs in pulmonary 
stenosis or atresia (Stolker, 1864; Weiss, 1875; 
Middendorp, 1886; East and Barnard, 1938; 
Greenspon and Leaman, 1939; Talbott et al., 
1941; Sternberg et al, 1947; Allanby et al, 
1950). Christeller (1917) has given an excel- 
lent review of the subject. Graphic demon- 
stration of the rich collateral vascular supply 
to the lungs furnished by the bronchial and 
other mediastinal arteries has been presented 
(Hales and Liebow, 1948; Britton et al., 1950; 
Collister ct al, 1953) by means of vinylite 
corrosion-casts of the lungs. It should be 
emphasized that in most cases of anatomic 
tetralogy of Fallot with pulmonary atresia, 
the collateral vessels are the sole channels 
by which blood comes to the lungs. More- 
over, in many cases of severe pulmonary or 
subpulmonary stenosis, the lungs receive more 
blood from the collateral vessels than they do 
by the normal pathway. The dilated bronchial 
arteries may distort the esophagus (Taussig, 
1947b; Campbell and Gardner, 1950). This 
feature may be demonstrated roentgenograph- 
ically (Cooley et al., 1949). 

Case I of Taussig (1947b) was a 4-months-old 
infant with pulmonary atresia and greatly dilated 
bronchial arteries. Absence of the ductus arterio- 
sus was disclosed at necropsy, Tliis suggests that 
collateral pathways had developed during fetil 
life, since they were the only avenues for passage 
of blood to the lungs, and must have been in 
effective operation when the umbilical cord u-as 
ligated at birth; other^rise, life svould have failed 
at tlial time. Kintner and Kintner (1951) de- 
scribed collateral supply to the lungs from a coro- 
nary arter>% 

One should suspect that a collateral arlcr>’ com- 
municates with one of the major pulmonarj’ ar- 
teries if, during cardiac catheterization, the ox>’- 



326 


PATHOLOGY OF THE HEART 



Figure VI-oO Sites of endocardial and intimal fibrous thickening in anatomic tetralogy of Fallot. 
a. Right sentncle. Within the lo«er portion of the subpulmonary oulfloiv tract is a zone of marked 
endocardial hbrous thickening. C.S indicates crista supraventriculans, and P.T., pulmonary trunk. 
h Iligh-pmver illustration of area sviUun square in a. Tlie marked endocardial thickening is shossm. 
(El-\-G, X4 ) c Associated infundibular stenosis- Upper portion of subpulmonary tract and of 
pulmonary valve There is irregular fibrous thickening of endocardium of right ventricle and of 
pulmonary valvular tissue. (El*vC, X3.) d. Pulmonary trunk and outflow tract of right ventricle. 
Tlie probe extends from the right ventricular cavity through the infundibulum and appears in the 
pulmonary trunk above the pulmonary valve which is bicuspid. At the upper end of the probe, 
there is thickening of wall of pulmonary trunk which is illustrated in e. €. Jet lesion on pulmonary 
trunk which is illustrated grossly in d. (EbvG; X90.) 


gen saturation of the blood within the pulmonary 
artery is found to he significantly higher than in 
the right ventricle. It is obvious that such flow 
into a major pulmonary artery may complicate 
the procedure of extracorporeal circulation, for a 
considerable portion of the blood perfused into 
the systemic arterial system will appear in the 
operative field either through the pulmonary ralve 


or through the ventricular septal defect after flow- 
ing through the pulmonary circuit into the left 
side of the heart. The author has observed un- 
usual collateral pathways in 3 cases of anatomic 
tetralogy of Fallot with severe pulmonary stenosis. 
In one, an accessory’ artery extended to the right 
lower pulmonary artery from the abdominal aorta. 
Jn the other two cases, wide bronchial arteries 
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communicated with the right pulmonary arteries 
at the pulmonary hilus (Figure VI*51c and d). 

Tejada Valenzuela and associates (1954) re- 
ported, in anatomic tetralogy of Fallot with pul- 
monary atresia, that an anomalous artery from 
the abdominal aorta supplied the lower half of the 
right lung, while the upper half of the right lung 
was connected normally with the pulmonary ar- 
teries. In addition, the ductus arteriosus was 
widely patent. 

It is recognized that persistent patency of 


the ductus arteriosus produces the same func- 
tional effects as in the type of collateral ar- 
teries mentioned. In most cases of tetralogy 
of Fallot, the ductus arteriosus is patent dur- 
ing the first 2 weeks after birth, and then 
undergoes closure, despite the desirability of 
continued patency. 

The Intrapulmonary Arteries. The structure 
of the smaller intrapulmonary arteries and 
arterioles is within limits of normal (Tosetti 



Figure VI-51. Collateral vessels to lung. a. Anteiior vie\v of thoracic organs from a 3-\\ecl-olcl 
cluld with ventncular septal defect and pulmonaTy stenosis. Tliere is a right aortic arch. Tlie pul- 
monary trunk (P.T.) is very narrow and continues as the left pulmonary artery. The right pulmo- 
nary artery is absent. Bronchial arteries in this case arc illustrated in b. h. Posterior \icw of 
thoracic org.rns of specimen illustrated in a. The aorta (A.) hes to the nght of the esopliagin 
(E.). Wide bronchial arteries originate from the descending aorta and proceed to each lung. A 
large branch to the left lung is seen crossing behind the esophagus, c. Posterior view of hilum of 
the right lung and right-sided descending aorta from a Id-month-old child with \entricular septal 
defect and pulmonary atresia. A series of large bronchial arteries arise from tlie anterior aspect of 
the upper descending aorta and extend to tlie right lung. The vessel aliove the point of arrow 
courses inferior to tlie right bronchus aixl is seen in belter perspective in rf. d. At the point of the 
arrow, the bronchial artery (seen at the point of arrow in c) crosses in front of tlie right bronchus 
and makes gross connection (C.) with the upper branch of the nght pulmonary artery ( Jl U.) as 
well as crossing directly (Br.A.) Into the bllus of tlie right Jung. 
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et ah, 1953; Daramaim and Ferencz, 1956; 
Edwards, 1957). The walls are not thickened 
as in large ventricular septal defect without 
pulmonary stenosis. 

Rich (1948) reported a high incidence of 
thrombi of varying ages, including completely or- 
ganized thrombi, mtbin the intrapulmonary ar- 
terioles. This observation has been confirmed 
(Hales and Liebow, 1948, Tosetti et ah, 1953). 
The reason for development of pulmonary arteri- 
olar thrombi is not clearly evident, though they 
may result from polycythemia. The possibility of 
emboli from vegetations occurring in the outflow 
tract of the right ventricle must also be consid- 
ered. These changes do not afiect to any measur- 
able degree the resistance to pulmonary fio\v. In 
many cases which the author has studied, no oc- 
clusive arteriolar lesions were found. 

Moderate and Mild Pulmonary Stenosis. 
Selzer and Carnes (1953) emphasized the role 
of pulmonary stenosis in regulating blood flow 
wiien a large ventricular septal defect is 
present. 

The function of hearts with the anatomic 
tetralogy of Fallot but only mild or moderate 
pulmonary stenosis differs from that of hearts 
with anatomic tetralogy of Fallot and severe 
pulmonary stenosis. In hearts with mild pul- 
monary stenosis, the striking feature is the 
left-lo-right shunt. In such cases some respon- 
sibility for the regulation of blood flow rests 
on the pulmonary arterioles and small arteries 
which may show medial hypertrophic changes 
exactly as in the case of a large ventricular 
septal defect >vithout pulmonary stenosis (Ed- 
wards, 1957), If the pulmonary stenosis is 
moderate, tlie functional characteristics are 
those of a significant left-to-right shunt and a 
mild right-to-left shunt. The functional fea- 
tures of such a heart may be simulated in the 
creation of pulmonary stenosis as a palliative 
procedure (Muller and Dammann, 1952) in 
patients witli large ventricular septal defects 
and large left-to-right shunts without pulmo- 
nary' stenosis. 

Blount and associates (1935) have pointed out 
that left-to-right shunt may occur in ventricular 
septal defect with pulmonary stenosis when the 
degree of pulmonary stenosis is less than usuaL 
Other u-rifers ha%e also described such cases 


(Deuchar and Zak, 1952; Broadbent et ah, 1933; 
Rudolph et ah, 1934; Bashour and W'inchell, 
1955; Eldridge and Hultgren, 1935; Rowe et ah, 
1935). 

CLINICAL FEATURES 

The clinical picture in pulmonary stenosis 
with large ventricular septal defect depends 
principally on the degree of pulmonary ob- 
struction. 

Severe Pulmonary Stenosis. The clinical fea- 
tures of severe pulmonary' stenosis or pulmo- 
nary atresia have been described in a number 
of references (Brotvn, 1945; Green, 1945; 
Humphreys, 1947; Taussig, 1948; Wood, 1950; 
Gibson, 1952; Wells, 1952; Campbell and 
Deuchar, 1953), Tlie predominant sign is cya- 
nosis which is a reflection of the significant 
desaluration of the systemic arterial blood. 
In pulmonary atresia tlie cyanosis may be 
noted at birth while in many cases of pulmo- 
nary stenosis, the appearance of this sign is 
delayed. At times it appears at or shortly 
after birth; less often, it may not become ap- 
parent until childhood; and rarely, not until 
adolescence (Gasul et ah, 1957). Cyanosis, 
when present, is often accentuated by physical 
exertion; it is associated with clubbing of the 
digits and polycythemia. Squatting has often 
been noted in these patients. During this act, 
the oxygen saturation of the systemic arterial 
blood rises (Burchell, 1930). Patients with 
Qranosis may have fainting spells which are 
related to increased magnitude of the right-to- 
left shunt (Burchell, 1950). A systolic mur- 
mur may be genwated at the stenotic subpul- 
monary tract (Reinhold and Nadas, 1954). 
Absence of such a murmur may suggest 
pulmonary' atresia. 

Cyanosis commonly is intensified at the time of 
adolescence. ^Vilh growth of the body, the actual 
size of the stenotic tract leading to the pulmonary 
artery does not change much, but the volume of 
cardiac output increases, resulting in delivery of 
a greater volume of right ventricular blood to the 
aorta. In addition, with progressing age, as the 
endocardium of the right ventricular infundibu- 
lum shows progressive fibrous thickening (Figure 
VI-50), the tract leading to the pulmonary trunk 
may become narrower. Casul and associates 
(1957) noted that some cj-anotic patients nho 
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presented evidence of ventricular septal defect 
and pulmonary stenosis had not been cyanotic 
on earlier examinations and had shown little, if 
any, evidence of pulmonary obstruction. The 
probable explanation is that in such patients the 
pulmonary stenosis was relatively mild during 
early life when the cardiac output was relatively 
small and the sire of the infundibulum caused 
little obstruction. As the body grew and cardiac 
output increased, with the infundibulum remain- 
ing the same size, the orifice then became rela- 
tively narrower and, therefore, a right-to-left 
shunt appeared. Retardation of body firotvih has 
been noted (Harada, 1951, Adams el al , 1954). 

Among the roenigenographic features m the 
anatomic tetralogy of Fallot with severe pulmo- 
nary stenosis (Dry et al., 1948; Baker et al , 1949, 
Grob and Rossi, 1949, Keyes et al., 1951, Down- 
ing, 1952, Gasul and Wamick, 1952, Wlttenborg 


and Neuhauser, 1955) . The most consistent find- 
ing is increased radiance of the lungs, a mani- 
festation of diminished pulmonary blood flow. 
WTule classically the pulmonary arterial segment 
is concave, in many cases this feature is not evi- 
dent. If a concavity is present, the associated 
round apical shadow gives the heart the contour 
of a wooden shoe (coeur en sabot). Angiocar- 
diographic studies give evidence of the right-to- 
left shunt between the right ventricle and the 
aorta, in that early filling of the aorta occurs 
simultaneously with filling of the narrow pulmo- 
nary arterial tract. In patients ivith sei’ere pul- 
monary obstruction, cyanosis may be absent if 
the bronchial aitenal flow is great. The authoi 
observed a patient who had roentgenographic 
signs of a narrow pulmonary trunk but evidence 
of excessive pulmonary flow. The patient was not 
cyanotic, having at rest an oxygen saturation of 



Figure \’I-52 An.ifomic tetralogy of Fallot with right aortic arch. a. The arch of the 
aorta passes \enlral to the root of the nght Inng. h. Posterior mcw of thoracic organs. 
After the arch of the aorta has passed \enlral to the root of tlie right long, tlie upper 
part of the desccnihng aorta rcnuiins ori the liglit. (Figures a and h were prepared 
from tlie heart of a girl 7 year, of age.) c. Tire aortic arch is on the nght side. Its 
branches arc reversed as coinpared to normal. The first branch is the left innominate 
artery (L.I A.), the second, the right common carotid (ftC.C.); and the third, the 
nght subclavian artery (R.S.A.). d. Tlie arch is viewed from tJic right side. Tlie ductus 
arteriosus (D.A) runs between the nght pulmoiury artery (RP.A.) and the aortic 
arch. (Figures c and d were prepared {mm a female infant 22 days old.) 
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Figure VI-53 T>pe» of nght aortic arch erieounlered in anatomic tetralog)’ of Fallot. Abbreviations on pic- 
tures are evident. <i. Qcanchcs of arch are mirrored image of the normal. In the case illustrafitl, a ductus 
arteriosus was present on the nght side. In some inslanccs of tliis aortic nialfonualion, no ductus arteriosus 
is present on either side. In otlier instances, it is present on the left, as in b. h. Right aortic arch with 
mirrored image of branches of arch. The ductus arteriosus runs bctvwen the left pulmonary artery and the 
base of tbe left sulKl.ivian artery, c. Right aortic arch, with left sulxilavian arter>' arising dirc'ctly from the 
aorta as its fourth branch, .\ftcr passing behind the esophagus, the left subclavian arterj’ receives the duc- 
tus nrtenosns the lower portion of which is attached to Uie left pulmonar}* arteo’- Figure VI-54 is a roent- 
genogram from a case of this type, d Right aortic arch in wiucli the left subclavian artery docs not connect 
with the aorta hut. instead, takes origin from llie loft ductus arteriosus. In tlie ease illustrated, a ductus arterio- 
sus IS present on each side, av in the case of Glinn ( 190S). 


arterial blood of about 90 per cent. Functional monary stenosis. Tbe clcclrocardiofiram indicates 
studies indicatcvl a severe degree of pidinoiiar>* riglit ventricular hypertrophy (Joly et a!., 1932). 
stenosis as well as a greatly iiicreasesi collateral 

blood supply to the lungs. The clinical pietuie in or moderate jmhnonanj stenosis. In 

such a patient is apparently paradoxic, since cya- pulmonary stenosis of mild or moderate dc* 
nosis is absent despite the presence of severe pul- gree, outward signs may be absent or the 
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patient may even suffer from the effects of 
the left-to-right shunt. If the latter case, the 
clinical features resemble those of patients 
having large ventricular septal defect without 
pulmonary stenosis. A precordial systolic mur- 
mur and thrill may be elicited. Cyanosis is 
absent in mild pulmonary arterial obstruc- 
tion. In moderate pulmonary stenosis, cya- 
nosis may be evident only on exercise. At 
times this sign may not be apparent to the 
eye, while instrumental studies will reveal 
mild degrees of arterial oxygen desaturation. 

ASSOCIATED COMDITIONS 

Malformations of Aortic Arch. Usually in 
the tetralogy of Fallot, the aortic arch and 
descending aorta are in normal location. In 
about a fifth to a fourth of the cases, how- 
ever, the aortic arch is on the right side. The 
association of a right aortic arch with the 
tetralogy of Fallot is at times referred to as 
“Corvisart’s disease” (Corvisart, 1818). 

Blalock and Bahnson (1948) reported that a 
right aortic arch was present m approximately 140 
of 610 patients operated upon for congenital 
pulmonary stenosis, most of whom had tetralogy 
of Fallot. Dammann and associates ( 1949) found 
a right aortic arch in 28 of 108 patients (26 per 
cent) operated upon for cyanotic congenital car- 
diac disease. Baker and associates (1949) re- 
ported 14 instances of right aortic arch among 
50 patients operated upon for pulmonary stenosis; 
the great majority of the 50 patients had tetralogy 
of Fallot. ^Vlle^ a right arch is present, the upper 
portion of the descending aorta also is usually on 
the right side (Figures VI-52 and VI-53a and b). 
In the lower part of the thorax, at about the level 
of the eighth thoracic vertebral body, the noita 
then deviates to the left and leaves the thorax 
through the aortic hiatus of the diaphragm (Ed- 
wards, 1948). When the aortic arch »s on the 
right side, the branches of the arch are usually 
reversed (Figures VI-52c and d and VI-53a and 
h). The first branch is an innominate artery from 
which the left common carotid and left subclavian 
arteries arise, the second brancli of the arcli is 
the right common carotid artery, and the ihii^, 
the right subclavian artery. In variations of this 
pattern, the one in which four branches arise 
directly from the right aortic arch is probably 
most common. The first of these is the left com- 


mon carotid artery; the second, the right common 
carotid, the third, the right subclavian artery; and 
the fourth, the left subclavian artery (Figure VI- 
53c). In this respect, the aortic arch and its 
branches form a mirrored image of that common 
malformation in which the right subclavian artery 
arises as the fourth branch of an otherwise normal 
aorta. (See Section on Malformations of the Aor- 
tic Arches, page 467.) When the left subclavian 
artery arises as the fourth branch of the right- 
sided aorta, it passes behind the esophagus to 
reach the left arm. The anomalous subclavian 
artery may then compress the esophagus and, at 
times, cause dysphagia, its presence may be de- 
tected on roentgenography (Figure VI-54). 

While the upper portion of the descending 
aorta is usually on the right side when the aortic 
arch IS on the right, in a relatively small number 
of cases the right arch crosses the midlme behind 
the esophagus to jom the upper portion of the 
descending aorta on the left side of the thorax 
(Brown and Morris, 1931). 

Double aortic at dies may be present occasion- 
ally. Blalock and Bahnson (1948) found one 
example of this aortic malformation in the 610 
cases which they reported. Harris and Whitney 
(1927) encountered this malformation in a pecu- 
liar form. Of the two aortic arches, the one on the 
right side was much wider. In spite of a left- 


Figure VI-51. Roentgenogram showing compres- 
sion of ooplugns by a %ascnl.ir ring of l>'pc illus- 
trated in I'lgine VI-53c. From a Jjoy 

xstth the an.ilomic lctralog>’ of I'allot ami severe 
piilmonarj' stenosis. 
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sided ductus arteriosus, the upper portion of the 
descending aorta was on the right side of the 
body. Paul (1948) described a left aortic arch 
with a right descending aorta in two cases in 
which operation was performed for the tetralogy 
of Fallot. 

Among 56 hearts with anatomic tetralogy of 
Fallot which the author has examined, 10 were 
associated with a right aortic arch and one with 
double aortic arch. In 2 of the cases of right 
aortic arch, the left subclavian artery arose as 
the fourth branch of the aorta and was attached 
to the left ductus arteriosus after the subclavian 
artery had reached the left side of the body. In 1 
case of right aortic arch, the left subclavian 
artery did not liave any connection with the aorta 
but, instead, communicated at its origin with a 
narrow left patent ductus arteriosus (Figure VI- 
53d). The vascular connections were like those 
m the case of Ghon (1908), except that in Chon's 
case there were bilateral ducti arteciosi. In an- 
other case in uhich the aortic arch was on the 
left side, the right subclavian artery arose as a 
fourth branch of the aorta and crossed to the 
right side of the body behind the esophagus. 

Ductus Arteriosus. ^Vl 1 en the aortic arch is 
on the left side, the ductus arteriosus also 
is almost always on that side. When the aortic 
arch is on the right side, the ductus arterio- 
sus may take one of two positions. It may run 
between the right pulmonary artery and the 
aortic arch, inserting into the arch just be- 
yond tlie origin of the right subclavian artery 
(Figure VI-52d), or it may extend from the 
left pulmonary artery either to the left sub- 
clavian artery or to the left-sided innominate 
artery. 

Blalock and Bahnson (1948) found that, when 
a right aortic ardi %\'as associated with tetralogy 
of Fallot, die ductus arteriosus was usually a left- 
sided structure inserting into either the left sub- 
damn or the left innominate artery (Figure VI- 
53b). In Case 3 of De.\ler and associates (1947), 
a boy of 10 years h.id the tetralogy of Fallot and 
eWdence, clinically and on catheterization, of a 
right aortic arch associated Niith a right-sided 
descending aorta and a patent ductus arteriosus. 
The murmur of the patent ductus was more 
prominent oi-er the aortic region Uian over the 
pulmonary, suggesting that the ductus entered 
the right pulmonar>’ artery rather than the left- 
A left-sided ductus, however, was represented dia- 
grammatically in their paper. 


Absence of Ductus Arteriosus. Inasmuch 
as the aorta during fetal life is in free com- 
munication with the right ventricle, the duc- 
tus may be used little as a channel for bring- 
ing blood from the right side of the heart to 
the aorta. It may atrophy during fetal life 
and so be unidentifiable at the time of birth. 

The writer has observed several such cases in 
each of which the aortic arch and upper portion 
of the descending aorta were on the right side 
(see also Myers and Keith, 1926). Taussig 
(1947b) reported an instance of atresia of the 
lower portion of the pulmonary trunk in which no 
tissue of the ductus arteriosus could be found at 
necropsy. Several instances of absence of the 
ductus arteriosus are listed in the re\'iew of Stol- 
ker (1864) on pulmonary stenosis. 

Patency of the ductus arteriosus is uncommon 
(Miskall, 1945; Dexter et al, 1947). ^Vhen a 
patent ductus is present, it acts as an important 
collateral channel for blood to Bow from the aorta 
to the pulmon.'iry arterial system. In most pa- 
tients with the tetralogy of Fallot who live be- 
yond infancy to childhood or adult life, there is 
another well-developed system of collateral ves- 
sels which arise chiefly from die bronchial arteries. 

Other Associated Conditions. In 1 of 56 
cases of anatomic tetralogy of Fallot, the author 
observed a second ventricular septal defect which 
was located in the inflow' portion of the ventricu- 
lar septum. In still another case, the pulmonary 
valve was absent. A persistent left superior vena 
cava was observed on one occasion. In 2 cases 
mitral atresia W’as associated ^vith anatomic tetral- 
ogy of Fallot. In 1 of these, an additional anom- 
alous connection of the right pulmonary veins 
was present and in the other, there was also 
atresia of the larynx. Two patients, each sho%ving 
a ventricular septal defect and infundibular ste- 
nosis, also had the atrial septal and atrioventricu- 
lar TOUxilar malformations which could be classi- 
fied as persistent common atrioventricular canal. 
In 1 patient in whom the usual pulmonar>’ veins 
were identified as connecting with the left atrium, 
a small accessory pulmonary vein from the upper 
lobe of the left lung was connected with the left 
innominate vein. A tracheoesophageal fistula was 
associated in 1 patient having a right aortic arch. 

Of special importance is the uncommon phe- 
nomenon of atresia or stenosis of one of the coro- 
nary arteries. The autlior has examined a case of 
anatomic tetralogy of Fallot and atresia of the 
right atrial ostium of the coronary sinus, in which 
the coronary sinus communicated with the left 
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atrial cavity. (See section on Anomalies of Coro- 
nary Smus, page 431.) 

DIFFERENTIAL DIAGNOSIS 
Among patients having a small ventricular 
seplal defect with pulmonary stenosis, the 
major condition to be considered is ventric- 
ular septal defect with intact ventricular sep- 
tum. 

The differential diagnosis of a large ventricular 
septal defect with pulmonary stenosis requires 
consideration of many conditions. Patients with 
severe pulmonary stenosis or pulmonary atresia 
have cyanosis. If cyanosis is present, the condi- 
tions that must be ruled out include transposition 
of the great vessels, persistent tmncus arteriosus 
with pulmonary stenosis, single ventricle with pul- 
monary stenosis, tricuspid atresia with pulmonary 
or subpulmonary stenosis, ventricular septal de- 
fect without pulmonary stenosis but with severe 
occlusive lesions in the intrapulmonary arteries 
and artenoles, single ventricle without pulmonary 
stenosis but with occlusive lesions in the muscular 
artenes and arterioles of the lungs, Ebstein’s mal- 
formation of the tricuspid valve, and pulmonary 
arteriovenous fistula with cyanosis. 

In patients with a large ventricular septal 
defect and mild or moderate pulmonary ste- 
nosis, conditions to be considered are those 
having a large left-to-right shunt. These in- 
c/ude large ventricular septal defect w/thc«t 
pulmonary stenosis and without occlusive le- 
sions of the pulmonary vessels, single ventricle 
without pulmonary stenosis, tricuspid atresia 
without pulmonary stenosis, the usual variety 
of persistent truncus arteriosus, and patent 
ductus arteriosus with left-to-right shunt. 

PROGNOSIS 

’The following discussion on prognosis, sur- 
vival, and complications pertains to patients 
who were not treated surgically. Some of the 
factors discussed are modified by an anasto- 
motic operation and are eliminated by a cor- 
rective one. 

In 1927, Abbolt ren'ewed 97 cases of tetralogy 
of Fallot. Among 73 patients in whom pulmo- 
nary stenosis was present, the highest age at tlie 
time of death was 28 >ears, the average being 
10.8 years; among 24 who had pulmonary atresia, 
the greatest length of life was 13 years and the 


average age at death was 3.4 years. The shorter 
survival in patients with atresia, as compared with 
those exhibiting pulmonary stenosis, is probably 
related to the lesser degree of collateral blood 
supply to the lungs in the young as contrasted 
with older patients. In patients with atresia, a 
patent ductus arteriosus may be an important col- 
lateral channel during the first few weeks after 
birth. When the ductus closes, the other collateral 
pathways may supply blood to the lungs in 
amounts insufficient to maintain life. In patients 
who have pulmonary stenosis, the existing arterial 
channel to the lungs, though narrow, may be 
adequate to maintain life until such time as the 
collateral vessels develop to carry significant 
amounts of blood to the lungs. 

A number of authors have reported unusually 
long survival of patients with the anatomic tetral- 
ogy of Fallot without surgical treatment (Vvhite 
and Sprague, 1929, survival for 59 years; Feigin 
and Rosenthal, 1943, survival for 53 and 43 years; 
Middleton and Ritchie, 1947, 45 years; Vollni 
and Flaxman, 1938, 41 years; Middendorp, 1880, 
33 years; East and Barnard, 1938, 33 years; Perl- 
man and Meyer, 1945, 82 years; and Bach, 1928, 
30 years). Long survival may sometimes indi- 
cate a relatively mild pulmonary stenosis, as in 
the case of stenosis of the infundibular Ostium 
associated with ventricular septal defect, reported 
by Civin and Edwards (1950; Figure VI-47). 

COMPLICATIONS 

The causes of death include pneumonia, 
congestive cardiac failure, subacute bacterial 
endocarditis, cerebral thrombosis, and cere- 
bral abscess. In some cases, the cause of 
death cannot be demonstrated anatomically 
(Ash and Harshaw, 1939). Some patients, 
particularly children, may die during a char- 
acteristic attack of intensified cyanosis and un- 
consciousness, the probable immediate cause 
of death being cerebral anoxia. 

The complication of pneumonia is serious for 
the patient with tetralogy of Fallot for Uvo rea- 
sons: (1) Even a small reduction of functioning 
pulmonary parench>Tna may cause increased hy- 
poxia; (2) peripheml vasodilatation, with accom- 
panying decreased resistance to systemic flow, 
may tend to increase the shunt of venous blood 
from the right ventricle to (he aorta. 

Congesthe cardiac failure may develop in pa- 
tients who survive to adult life (Feigin and Ro- 
senthal, 1943, Middleton and Ritchie, 1947), but 
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apparently is not a pronainent cause of death dur- 
ing childhood or adolescence. 

Bacterial endocarditis is a frequent complica- 
tion, particularly among pab’ents who suiviv’e 
childhood. Gelfman and Levine (1942) noted 
bacterial endocarditis as a compIicaHon in 125 
per cent of patients of all ages with the tetralogy 
of Fallot, and in 29 per cent of those who were 
2 >ears of age or older. The endocarditis usually 
involves the nght side (tricuspid v’alve, Perlman 
and Mever, 1945, wall of subpulmonary outflow 
tract of right ventncle, Dustin and Lambert, 
1942; pulmonary valve, Leadingham, 1930). In 
each of the cases cited the pabent was 15 years 
of age or older at the hme of death. 

Cerebral thrombosis is probably best explained 
as a result of the polycythemia which is a char- 
acteristic finding in patients with tJie anatomic 
tetralogy of Fallot and severe pulmonary obstruc- 
tion (Berthrong and Sabiston, 1951). Cerebral 
infarction may occur in the absence of thrombosis. 

Cerebral abscess may develop in the absence 
of inflammatorv’ disease of the heart. The condi- 
tion is encountered in about 4 or 5 per cent of all 
cases of major congenital malformations of the 
heart and great vessels. Classically it is associ- 
ated only with hearts in which a venous arterial 
shunt is possible. 

The complication is explained as follows. 
Ever)’ person may have bacteremia from time to 
time, particularly in the presence of an infectious 
process such as tonsillitis or nasopharj-ngitis. Or- 
dinarily, organisms entering the penpheral venous 
blood pass through the lungs and are filtered out 
of the blood stream. If, hovvev’er, a venoarterial 
shunt exists, some v enous blood canying bacteria 
bypasses the lungs and flows into the systemic 
drculation without the benefit of the filtering ac- 
tion of the lungs. The peculiar tendency for infec- 
tion to localize in the brain is not completely 
understood (Robbins, 1945). Since the telralog) 
of Fallot with pulinonar)' obstruction is the most 
common malformation characterized by a veno- 
.'irterial shunt, in which the chances for a rela- 
tively long survival are good, it is understandable 
\vh>’ cerebral abscess is commonly encountered. 
In about half of the patients with the s>’ndrome of 
cerebral abscess and congenital cardiac disease, 
the cardiac malformation is pulmonary stenosis 
with vcntriailar septal defect (Habinowitz et a1., 
1932; Wechsler and Kaplan, 1940; Hanna, 
1941; Robbins, 1945; Cates et al., 1947; Ma- 
roncle, 1950, Sancetta and Zimmerman, 1950). 
Ustiallj’ the abscess is solitarj’, less often multiple 


(Sancetta and Zimmerman, 1950). Among pa- 
tients in whom an abscess of the brain was 
recognized clinically (Sidenberg et al., 1946; 
Smolik et al., 1946; Hand, 1947; Arana Iniguez 
et al., 1950; Beller, 1951; Cohen et al., 1951; 
Green and Nadas, 1954), 4 were cured of the 
abscess by appropriate surgical treatment. 

Some investigators still adhere to the concept 
that ptdmonary tuberculosis is a common compli- 
cation of tetralogy of Fallot (Buckingham and 
Hoffman, 1935). Tlie diminished pulmonar)' 
blood flow is a convenient, if not a critical, ex- 
planation for this opinion. Refutation of this 
erroneous notion will be fou.id in the report of 
Sloan and associates (1954). 

Paradoxic embolism may occur if a right-to-left 
shunt exists. The source of emboli may be vegeta- 
h'ons, either infected or bland, from the right side 
of the heart, or thrombi from peripheral veins. In 
a case seen by the author, paradoxic emboHsm to 
the superior mesenteric arter)' resulted in infarc- 
tion of the intestine. The embolus w’as beb'eved 
to have arisen in a peripheral venous thrombus. 

SUBCICAL COWlCCTION 

Tlie principles involved in treatment of ana- 
tomic tetralogy of Fallot depend on the de- 
gree of puhnonortj obstruction. Some patients 
have severe stenosis or atresia, witli the prob- 
lems of a large right-to-Ieft shunt; others have 
mild or moderate pulmonarj' stenosKS. 

Severe obstruction to piifmonarj/ flow may be 
surgically coirectetl by anastomosis of the aortic 
arch to one of the pulmonan’ arteries (Blalock 
and Taussig, 1945, Potts et al., 1946), The essen- 
tial effect of this operation is the production of a 
greater volume of pulmonar)’ blood flow; the 
elimination of cyanosis is reflected in a rise in 
ox)gen concentration of the aortic blood (Mont- 
gomery et al., 1048; Potts and Gibson, 1048; 
Taussig, 1948; Leininger et al., 1951; Taussig and 
Baueisfeld, 1953). WTiile the effects of the right- 
to-left shunt are minimized by an increase In pul- 
monar)’ blood flow, certain hazards arc intrinsic 
in the anastomotic procedure. Bahnson and Zieg- 
ler (1930) studied 99 fatalities among 500 pa- 
tients in whom such an operation was performed 
for congenital c>’anotic cardiac disease. In 15 
instances in which death resulted from congestive 
failure or pulmonary edema, it was thought that 
the anastomotic stoma had been larger than ideal. 
Postoperative complications include cerebral in- 
farction (Bahnson and Ziegler, 1050, Berthrong 
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and Sabiston, 1951), cerebral abscess (Baker et 
al., 1949), and bacterial endocarditis (Taussig, 
1948) which may be located at the anastomotic 
site. 

Operations for the relief of severe pulmonary 
stenosis in the anatomic tetralogy of Fallot (Sell- 
ors, 1948; Brock, 1948, 1949, 1950, 1952; Glover 
et al , 1950, 1952; Downing et al., 1951) are de- 
signed not to create an anastomotic stoma but to 
relieve the stenosis, either directly by resection of 
infundibular tissue or by creation of a pulmonary 
valvulotomy, or by both procedures. The primary 
disturbances are attacked directly without the 
creation of an additional abnormality. An obsta- 
cle to success with this procedure is the presence 
of atresia at some point m the tract leading to 
the pulmonary artery. 

With the aid of extracorporeal circulation, a 
surgical procedure may be instituted to close the 
communication between the right ventricle and 
aorta and adequately to enlarge the infundibulum 
and pulmonary arterial tract (Lillehei cf al., 
1955) . Patients in whom the defect is closed and 
the obstruction to pulmonary blood flow is over- 
come may be returned to normal cardiac function. 

Treatment of patients with mild or moderate 
pulmonarij stenosis is concerned with elimination 
of the left-to-nght shunt. This degree of pulmo- 
nary stenosis exerts a protective function in the 
presence of a large ventricular septal defect. 
Therefore, one should not attempt to relieve the 
pulmonary stenosis if the ventricular septal defect 
is not to be closed. Surgical therapy consists of 
closure of the ventricular septal defect and suffi- 
cient resection of the obstructive lesion to elimi- 
nate any stenosis between the right ventricle and 
the pulmonary arteries. 

DEVELOPIUENTAl, BASIS 

The developmental basis for the anatomic 


tetralogy of Fallot resides in maldevelopment 
of the truncus arteriosus. References to Chap- 
ter II Nvill show that the primitive truncus 
arteriosus is divided by a spiral septum winch 
converts the single vessel into the pulmonary 
trunk and the ascending aorta, each resulting 
vessel being of about the same diameter. In 
the anatomic tetralogy of Fallot, it appears 
tliat the eccentric position of the truncoconal 
septum results in two vessels of unequal size. 
Since the partitioning of the outflow portion 
of the embryonic ventricle is accomplished in 
part by the lower portion of the tnincoconal 
septum, one will understand that similar mal- 
position of the septum will result in infundib- 
ular stenosis. 

The explanation for vitracentricular com- 
munication follows. The membranous septum 
is said to be absent in this condition. In ex- 
amination of such hearts it is, however, pos- 
sible frequently to find a tag of tissue which 
seems to represent rudimentary membranous 
ventricular septal tissue. In all probability, 
this is the component of the membranous ven- 
tricular septum that is contributed by the 
anterior atrioventricular endocardial cushion. 
In malposition of the truncoconal septum, its 
lower portion is not in line with the plane of 
the muscular septum and, therefore, the 
truncoconal septum and the muscular septum 
cannot unite. The ventn'cnfar septal defect 
then may be regarded, in part, as a deficiency 
of the membranous portion of the septum and, 
in part, as a space between the uppermost por- 
tion of the muscular septum and the origin 
of the aorta. 


COMMON (SINGLE) VENTRICLE 


A single ventricle may be further character- 
ized by whether it is associated with a single 
or a divided atrium. When two atria and one 
ventricle are present, the condition is called 
cor friloctilnrc bfntrintum. When a single 
atrium and a single ventricle are present, the 
condition is called cor bilocularc. 

Cor Tfiloctilarc Biotrmtum 
In this condition the two atria are normally 


developed and their venous connections are 
normal. The atrioventricular valves are nor- 
mal so that the common ventricle rec(?ives 
blood directly from each atrium, but (he con- 
figuration of the ventricles and the relation- 
ship of the great arteries differ from normal, 
hfost of these hearts have one of ftco patterns. 
More commonly, the great vessels are trans- 
posed and the aorta lies anterior and parallel 
to the pulmonar>‘ trunk. The pu1monar>' trunk 
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Figure VI-55. Cor triloculare biatnatum nithout pulmonary stenosis and 
with transposition of the great vessels. From a female infant 5 months old. 
a. An masion from a right anterior to a left posterior posibon has divided 
the single ventricle and the great artenes. Hie two halves have been 
swung open, as though on a hinge. In the photograph to the left, the 
probes are in tlie tricuspid and mitral onficcs. The aorta lies anterior to 
the pulmonary trunk and is narrower than the latter. A muscular band, 
crista supraventnciilans, divides the outflow tract of the ventricle into a 
wide subpulmonary and a narrow suhaorbe channeL b. Heart, lungs, and 
great vessek. The great vessels are transposed, the relatively narrow as- 
cending aorta l>ing to the right and in front of the wide pulmonary trunk. 
Also, that part of the aortic arch between the ongins of the left common 
carobd and the subclavian artenes is narrow. Coarctation of the aorta is 
present between the left subclavian artery and the Lgaraent artcriosum. 
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is wide and no obstruction exists between it 
and the common ventricle. In the second type 
of cor triloculare biatriatum, the pulmonary 
blood flow is obstructed. Tlie two great ar- 
teries are related to each other, essentially as 
in tlie anatomic tetralogy of Fallot, the aorta 
taking origin to the right of the pulmonary 
trunk. 

In most cases without pulmonary stenosis, 
the outflow portion of the ventricle is divided 
into a wide, posterior subpulmonary part and 
a narrower, anterior subaortic compartment. 
The muscle in the outflow portion of the com- 
mon ventricle is so oriented that it may cause 
considerable narrowing at the site of com- 
munication of the subaortic chamber with the 
rest of the common ventricle (Figures VI-55 
and VI-56). The general arrangement in cor 
triloculare biatriatum without pulmonary ste- 
nosis is essentially identical with that in cor- 
rected transposition of the great vessels, ex- 
cept that in cor triloculare biatriatum, by 
definition, the ventricular septum is absent. 

In cor triloculare biatriatum with pulmo- 
nary stenosis, the outflow portion of the heart 
is divided into a right posterior subaortic por- 
tion which is not obstructed and a left anterior 
subpulmonary portion which has an intra- 
mural tract (Figure VI-57). This often is the 
site of obstruction betiveen the common ven- 
tricle and the pulmonary arteries, although in 
some cases (Campbell et al, 1953) the pulmo- 
nary valve is stenotic. 

In less common varieties of cor triloculare 
biatriatum, the relationship between the aorta 
and tlie pulmonary trunk is normal (Drey et 
al.. 1938). 

The incidence of cor triloculare biatriatum is 
relatively low. Among 357 consecutive cases in 
the pathologic collection of the Mayo Clinic, 
Fontana (1958) found 11. On review of 81 cases 
of cor triloculare biatriatum, most of which were 
taken from the liferahjre, Campbell and associates 
(1933) found no obstruction to pulmonary flow 
in 42; pulmonary atresia in 15; and valvular and, 
or, infundibular obstruction in 24. Among 20 in- 
stances of cor triloculare biatriatum studied by the 
author, 16 did not have pulmonary’ stenosis, 3 had 
infundibular pulmonary stenosis, and one did not 
have an abnormal relationship behvcen the great 
arteries or any pulmonary stenosis. 


The sex distribution in cor triloculare biatriatum 
is about 2:1 in favor of the male. 

The functional features depend on the relative 
size of the aortic and pulmonary channels. Hearts 
without pulmonary stenosis are essentially similar 
functionally to those with ventricular septal defect 
wtfhout pulmonary stenosis. Pulmonary hyperten- 
sion is associated. In the early stages there is 
an excess pulmonary flow (Megevand al., 
1953; Ferencz et al., 1954) . Later, with develop- 
ment of the occlusive vascular changes (Ed«’ards 
and Chamberlin, 1951; Heath, 1957), a signifi- 
cant nght-to-left shunt may appear. 

The degree of saturation of the blood in the 
aorta and in the pulmonary trunk may be iden- 
tical (van Buchem et al., 1954). Usually, how- 
ever, the findings on catheterization in cor ttilocu- 
Jare biatriatum without pulmonary stenosis are 
similar to those in a large ventricular septal de- 
fect (Bixnv ct al., 1958). The oxygen saturation 
IS lower in the pulmonary arteries than in the 
aorta. This indicate's that although the blood 
from the 2 atria enters the common chamber, the 



Figure VI-56. Cor triiocularc biatriatum without 
pulmonary stenosis Both atrioscntricular orifices lead 
into the common ventricle. Subaortic stenosis is 
created through orientation of tlie ensta supraven- 
tricularis. Blood coming from the mitral onfice tends 
to be directed toward the aorta and blood entering 
through the tricuspid onfice tends to be dirwtctl to- 
ward the pulmonary trunk. (From Edivards and 
Chamberlin, 1051. Reproduced with permission.) 



338 


PATHOLOGY OF THE HEART 



Figure VI-57 Cor tnlociilarc biaJnatum with Mib- 
pulmoTur> stenosis From a ear-old girl Tlie 
common scntncle, aorta (/).) and pulmonary Inmk 
(?.) are sliown. There is no obstniction beneatli 
the aortic \al\e. An intramural, narrosv muscular 
tract leads to tlie pulmonary sahe The pulmonary 
salve IS bicuspid 


tvv’O streams maintain their identity so that the 
left atnal stream tends to flow to the aorta and 
the right atrial stream to the pulmonary trunk. 

Pabents with pulmonary stenosis have a low 
pulmonary arterial pressure and a significant 
right-to-left shunt. These conditions are tndis- 
bnguishable clinically from those m patients with 
anatomic tetralogy of Fallot and severe pulmo 
nary stenosis or atresia (Campbell ef a/., 1953). 

Conditions associated with cor triloculare bi- 
atriatum include patent ductus arteriosus, obstruc- 
tion of the aorta, mitral stenosis and isolated 
dextrocardia. Ravvson and Doemer (1953) re- 
ported that, in a 48-> ear-old man with cor trilocu- 
lare biatnatum but no pulmonary stenosis, the 
right atrium received the pulmonary veins while 
the left atnum receh’ed the systemic v eins. 

Since the funchonal derangements of cor tri- 
loculare biatnatum depend on the relative size 
of the aortic to the pulmonary tract, the condi- 
tions to be entertained in the differential diagnosis 
are similar to those considered in the differential 
diagnosis of ventncular septal defect without 


pulmonary' stenosis and ventricular septal defect 
with pulmonary’ stenosis (anatomic tetralogy of 
Fallot). The clinical difTerentialion of cor trilocu- 
lare biatrialiim from ventricular septal defect is 
diflictilt. The angiocardiogram is not specific and 
cardiac catheterization may not he helpful. An 
exception was the case reported by Deuchar 
(1932) ill which the cardiac catliefer supposedly 
entered the nght ventricle and then passed 
tlirniigh the mitral valv'c into the left atrium and 
pulmonary' veins. Under these circumstances the 
suspicion of a single ventricle may be entertained. 
Electrocardiographically, the signs may not be 
different from those of patients having vcntriailar 
septal defect. The unusual finding of essentially 
similar QRS C’ompletes in all prccordial leads 
might suggest tlie presence of a single ventricle 
(Frcircich and NTcolson, 1932). Roentgeno- 
graphic examination is not a dislinguisbiiig fea- 
ture. Patients having cor triloculare biatnatum 
and no pulmonary stenosis yield signs which are 
similar to those of patients having ventricular 
septal defect without pulmonary stenosis (Figure 
VI-55o and />). whereas patients having cor tri- 
loculare biatnatum with pulmonary stenosis usu- 
ally present roentgenographic signs which are In- 
distinguishable from those in the tetralogy of Fal- 
lot with severe pulmonary obstruction (Figure 
\T-58candd). 

The complications of cor triloculare hialriatum 
likewise follow the pattern set by ventricular sep- 
tal defect. W'hen no pulmonary obstniction exists, 
death associated with excessive pulmonary flow 
IS common during early infancy. Later tlie com- 
plications of pulmonary vascular obstruction and 
the appearance of a sigruficant rigbt-to-left shunt 
are important features. Patients with pulmonary 
obstruction suffer from the righl-to-left shunt, in- 
cluding anoxic episodes, and may develop a cere- 
bral abscess. 

The prognosis in cor tnloculare biatnatum 
vanes considerably. In their review of 85 cases, 
Campbell and associates (1953) found that more 
than half of the patients died within the first year 
of life, but 18 reached the age of 20 years, the 
oldest being 56 years. Prognosis is poorest for 
patients who do not have pulmonary obstruction 
and for those with pulmonary’ obstniction result- 
ing from pulmonary’ atresia. In general, patients 
with pulmonary stenosis survive longest. Refer- 
ences to unusual longevity are to be found in the 
reviews of Rogers and Edwards (1951), Barry 
and Isaac (1953), Campbell and associates 
(1953), and Heath (1957). 
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Cor Bilocttlare 

Cor bilnculare represents the most primitive 
type of heart encountered, in that it lias a 
single atrium and a single ventricle. Malfor- 
mations of the great vessels frequently are 
associated. The single atrium usually shows 
a strand of abortive septal tissue which runs 
from the anterior to the posterior u’all above 


the common atrial valve (Figure VI-59fl). As 
a rule, there are 2 atrial appendages, a per- 
sistent left superior vena cava and a right 
superior vena cava. The left superior vena 
cava terminates at the left portion of the su- 
perior aspect of the common atrium. Under 
these circumstances, the coronary sinus is 
absent (Figure VI-59a). Below the common 
atrioventricular valve is a single ventricle. The 



Figure VI-58. Roentgenograms of 0*013% in two cases of cor triloculare biatriatum, uilhout 
piilmonar}' stenosis in one case ami with pulmonary stenosis in the oilier, a and l>. From a 
3-monlh-old male infant svathoul pulmonary stenosis, a. Poslero-anlcrior view showing evi- 
dence of incre.ised pulmonary vascularity, h. Lateral view, showing siihsfcrnal prominence 
resulting from the anterior position of the ascending aorta, c and d. From a 4-ycur-<)ld girl 
with subpiilmonary sientysis whose spocamen is Illustrated in Figure VI-57, c. .Anteroposterior 
view, showing concavity in anticipated location of tlic ptilmon.'uy trunk and evidence of 
rlecrcnsetl pulmonary flow In the pulmonary Helds, d. Right anterior obli/jue view, sliowing 
concavity at the region of the pulmonary trunk, and decreased vascularity of the pulmonary 
fields resulting from ^minisbed pvhnonaTy blood flow’. 
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Figure VI-59 Cor bilwulare in an It->i‘ar-oIi] girl ivlio also had agenesis 
of the spleen, a Right side of heart. In front of the onficc of the inferior 
vena casa (7.V.C ) is a straml of alxtrtiM* septal tissue ninning hetween 
Uie postenor and anterior walls of the conimon atrium. Tliere is no coro- 
nai> sinus, inasmuch a.s the left wipcnor \cna casa had joined the left 
side of the common alniim. b Tlie ventricle and aorta. Relilnd the un- 
opened aorta, the probe lies m a stenotic inlraimisculur tract whicli con- 
nects with a wade p<ilmonar>' tnml. 


arrangement of the great arterial system var- 
ies. Usually, the aorta lies anterior and 
parallel to the pulmonar>’ trunk, while the 
pulmonary trunk is stenohe or atretic and, 
m some instances, may not even be identi- 
fiable. When pulmonary obstruction is severe, 
a ductus arteriosus is the usual route by which 
the blood is carried into the piJmonary ar- 
terial system. Frequently a stenotic subpul- 
monary infundibular tract runs through the 
muscle of the common ventricle. Tlie ventric- 
ular orifice of this tract lies in the posterior 
wall of the common ventricle ( Figure VI- 
o9b). 

Severe pulmonary obstmetion may be asso- 
ciated with the prsence of transposed great ves- 
sels (Kugel, 1932; Rossman, 1942; Miskall and 
Fraser, 1946). A persistent truncus arteriosus 
may be encountered occasionally (Giustra and 
Tosti, 1939; Goltman and Stem, 1939; Michel- 
son, 1943). Rarely the aorta and pulmonary trunk 
are properly interrelated and neither is obstructed 
(Derow, 1934). A right aortic arch is commonly 
associated with cor bdoculare. Anomalies of the 
venous S)’Stem, in addition to persistence of left 
superior vena cava, are common. These include 
total anomalous venous connection and malforma- 


tions of the inferior vena cava. In a case df" 
scribed by Campbell and associates (1952), the 
hepatic veins joined the common atrium; the re#t 
of the blood from regions below the diaphragm 
was carried by way of an enlarged a 2 >gos vein 
to the superior vena cava. 

Many patients witli cor biloculare have egenesft 
of the spleen and associated visceral malformS* 
tiuns, as situs inversus o^ the stomach and incom- 
plete rotation of the mesenterj’ (see reviews of 
Ivemark, 1955; Putschar and Manion, 1956; and 
Gilbert et ah, 1958). 

fncidence. Fontana (1958) encountered cor 
biloculare only 6 times among 357 examples of 
malformations of the heart and great v essels from 
patients of all ages. The sex distribution is about 
equal in our experience. 

The functional derangement depends princi- 
pally on the relative size of the aortic and pulmo- 
nary' tracts. Tlie greater the degree of pulmonary 
obstruction, the greater wall be the right-to-left 
shunt. In severe pulmonary obstruction, the ulli' 
mate arterial oxygen saturation in the aorta will 
depend on the volume of collateral blood flow' 
to the lungs; the greater this flow’, the higher th^ 
desaturation. The appearance of the patients, 
therefore, may vary widely. Cyanosis is com' 
monly, but not invariably, present. The problems 
are the same as those inherent in interpretation of 
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special tests in cor triloculare biatriatum. The 
presence of a single atrioventricular orifice, fre- 
quently coupled with venous malformations, 
makes the chance greater that a ventricular sam- 
ple of blood will be a true mixture. Under these 
circumstances the level of oxygen saturation of 
the ventricular and aortic blood may be identical. 
Such a finding may suggest the presence of a two- 
chambered heart but does not exclude complete 
transposition of the great vessels. 

The conditions to be entertained in the differ- 
ential diagnosis depend on the level of oxygen 
saturation of the arterial blood. If the desatura- 
tion of arterial blood is considerable, among other 
conditions, one must exclude complete transposi- 
tion of the great vessels, anatomic tetralogy of 
Fallot with severe pulmonary stenosis, and total 
anomalous pulmonary venous connection. If the 
oxygen level in the systemic arterial blood is not 
sufficiently low to cause cyanosis, the conditions 
to be ruled out are ventricular septal defect with- 
out pulmonary stenosis and other functionally re- 
lated lesions. The finding, in smears of the periph- 
eral blood, of Heinz-Ehrhch bodies or Howell- 
Jolly bodies and other hematologic manifestations 
of asplenia (Polhemus and Schafer, 1955; Willi 


and Gasser, 1955; Lyons et al., 1957) often sug- 
gest the presence of cor biloculare because of 
the common, but not invariable, association of 
this cardiac malformation with congenital asple- 
nia. 

The prognosis in cor biloculare is generally 
poor, most patients surviving less than I year. 
Death usually results from the effects of severe 
hypoxia. The author has observed 2 unusual 
cases; in 1, the patient reached the age of 10 
years and had bacterial endocarditis of the com- 
mon atrioventricular valve; in the other, the pa- 
tient lived to the age of II and had chronic 
glomerulonephritis, Taussig’s patient (1947) lived 
25 years, 

Al present no operative procedure is curative. 
If pulmonary stenosis is severe, an aortopulmo- 
nary anastomosis should increase the pulmonary 
blood flow and consequently the oxygen satura- 
tion in the aorta. 

The malformation seems to result from an arrest 
in development at an early stage. Frequently 
associated is pulmonary stenosis or atresia which 
apparently results from eccentric partitioning of 
the truncoconal channel. 


ANEURYSM OF MEMBRANOUS SEPTUM 


Aneurysms of the ventricular septum in- 
volve the pars membranacea. While usually 
of no clinical significance, they may cause a 
disiurbsace in ^trinyentzicuhr condvctisvy 
(Clark and Wliite, 1952, Rogers ct al.. 1952). 
They are represented by an outpouching of 
the membranous septum toward the right. 
The mouth of the aneurysm lies inferior to the 
aortic orifice (Figure VI-60). On the right 
side, the base of the aneurysm bulges either 
into the right ventricle, beneath the septal 
leaflet of the tricuspid ’t'ulve, or into the base 
of the right atrium just above the septal leaf- 
let of the tricuspid valve (Cannell, 1930). 

'The lesion is rare. Up to 1938, about 70 cases 
had been reported (Lev and Saphir, 1938). (See 
also reports and reviews by Leckert and Stern- 
berg, 1950; Vaneiek, 1950; and Rogers et al., 
1952.) 

Although a variety of theories of etiology haw 
been presented. Lev and Saphir regarded most 
of the aneurysms as truly congenital. The>’ recog- 
nized that theoretically an inflammatory process 
may lead to an aneuiysm in this region but 


pointed out that existing aneurysms may become 
infected and cause difficulty in determining the 
course of events. 

Mall (1912) reported an aneurysm of the 
membranous portion and stated that the mal- 
formaXion may be traced to an embryonic arrest 
of development. In this condition, the muscular 
portion of the septum does not move to the right 
sufficiently but remains with the vestibule of the 
aorta, as is normally the case in the ox and pig. 
Consequently, the membranous portion assumes 
a horizontal rather than a vertical position. It is 
lliereby weakened and predisposed to fonnation 
of an aneurysm. Mall concluded that aneurysms 
of the ventricular septum were not the result of 
endocarditis but of anomalous position of the 
aorta to the right, and of displacement of the mus- 
cular septum to the left, thus causing the mem- 
branous portion of the septum to assume a hori- 
zontal position. 

It is, however, unsettled whether displacement 
of the muscular portion of the septum to the 
left is the basic cause of aneurysms of the mem- 
branous portion. The case of Rae (1936) suggests 
an association between the .nncuiysm aijcl a 
prominence of the muscular portion of the septum 
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Hgiire VI-60 Aneuosni of membranous porbon of sentricular septum in a 70-year-olcl man. 
(From Rogers et al, 1952. Reproduced uilb permission of C. V. Mosby Company.) a. Right side 
of heart Ttie aneur>’sm is closely related to the septal leaflet of the tricuspid valve, b. Left ven- 
tricle. The aneurysm lies pnnapally beneath the right cusp of the aortic valve. 


toward the left Her patient was a man 63 years 
of age who, in addition to an aneurysm of the 
membranous septum, had subaortic stenosis. In a 
subsequent section (see page 370), the opinion is 
expressed tliat subaortic stenosis is probably re* 
lated to an unusual prominence toward the left 
of the muscular portion of the ventricular septum. 
If tliis IS correct, then the interpretation of Mall 
seems to be supported by tlie case of Rae. 

In the section on defects of the endocardium, it 
was pointed out that a persistent common atrio- 
ventricular c-anal is frequently associated with 
mongolian idiocy. This cardiac malformation is 
readily traced to faulty development of the atrio- 
ventricular endocardial cushions. 

Tlie 2 patients of Lev and Saphir (1938), with 
aneurysm of the ventricular septum, were mon- 
gohan idiots. These cases suggest that aneurysm 


of tlie ventricular septum is associated with softie 
basic abnormality in dev'elopment of the atrio* 
ventricular endocardial cushions. It will be fC' 
called that these cushions play a role In the 
development of the p-irs membranacea. Case I 
of Rogers and associates (1952) was similar to 
the cases of Lev and Saphir in tluit an aneurySto 
of the pars membranacea was found in tlie heart 
of a Mongolian idiot. In this case, as in that 
of Rae, there was also some degree of subaortic 
stenosis. Zadoc-Kahn and Cousin (1925) re- 
ported a case of aneurysm of the ventricular seP* 
turn and complete absence of the atrial septum io 
a man aged 31 years. With the aid of angiocar- 
diography, Steinberg (1957) diagnosed an aneu- 
rysm of the membranous septum in a liviUg 
patient. 
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COMPLETE TRANSPOSITION OF THE GREAT VESSELS 


T EtANSPOSiTiON MAY BE defined as any con- 
genital abnormality in tlie relationship of 
the great arterial vessels to each other and to 
the ventricles. The tetralogy of Fallot, the 


Taussig-Bing complev, and persistent tninciis 
arteriosus may be regarded as \’arleties of 
transposition. Tltis section, however, is con- 
cerned wdi another well-defined condition 
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designated complete transposition of the great 
vessels. Some hearts in which the great ves- 
sels are related abnormally, as in complete 
transpositions, have a single ventricle ana- 
tomically; others have two ventricular cham- 
bers but either the mitral or the tricuspid 
valve is atretic and both ventricular chambers 
function together as though one chamber ex- 
isted. It seems advisable to reserve for this 
class of malformations, hearts having two 
ventricles which are anatomically and func- 
tionally separate. By so doing, we emphasize 
that this condition is an entity with rather 
clear-cut clinical and pathologic features. 

It is essential to distinguish instances of 
transposition in which the two ventridcs func- 
tion as separate ventricles from hearts having 
a single ventricle or two ventricles that func- 
tion as a single ventricle. In the fonner con- 
dition (complete transposition of the great 
vessels), the basic and important consider- 
ation is that tlie blood which has passed 
through the lungs is unable to reach the aorta 
and to be carried to the greater circulation. 
In the second group, the abnormal position 
of the vessels is in itself of little functional 
consequence since the venous and oxygenated 
blood which flows through the venlricnlar part 
of the heart either is mixed blood or is di- 
rected to the proper vessels. 

Pathologic Anatomy. The aorta arises ex- 
clusively from the right ventricle and the ptil- 
monartj trunk exclusively from the left ven- 
tricle (Figures VI-61 and VI-62). The aorta 
lies ventral to and on a plane slightly to the 
right of the pulmonary trunk. The two vessels 
run parallel to each other, failing to cross each 
other as they normally should. The oen/rtcidar 
system is present but, in about a third of the 
oases (Hanlon and Blalock, 1948), has a de- 
fect in its outflow tract. Lev and Saphir 


(19J7) have indicated that when the ven- 
tricular septum is closed, it is formed entirely 
of muscular tissue. Usually in complete trans- 
position, the right atrium communicates in a 
normal manner with the venae cavae and the 
coronary sinus, and also xvith the right ven- 
tricle through the tricuspid orifice. The left 
atrium receives the pulmonary veins and 
empties its blood through the mitral valve 
into tl\e left ventricle. The atrioventricular 
valves are normally developed, the pulmonary 
valve lies posteriorly, and thus the anterior 
leaflet of the mitral valve joins the pulmonary 
valve in a manner comparable to the connec- 
tions between the mitral and aortic valves 
of normal hearts (Figure VI-63). 

The association of pulmonary stenosis and com- 
plete transposition of the great vessels (Lews, 
1948) IS mentioned in more than a third of the 



Tigwrc VI-62. Complete transposition of the great 
sesselv Diagrammatic representation of Coclle’s case 
(1663) in which the two sides of the cirailalion com- 
municated by means of dtiated hroncht.il artencs and 
a patent foramen ovale. 


Figure Complete transporition of the great vesseh. 

a. The aorta arises from the right ventricle and tlie p«ilmonar>’ tnink from the left \entricle. Tlie diictiis 
artenoviis is patent From a male infant 3 months old (Jliinodiicn] by permission of PostgrodMate .Vcd/r/nc. ) 

b. The aorta arises from the tight ventricle The \cntricular septum is closed and the coronary arteries 
anse from tiie aorta. From a male infant J month old. 

c. The aorta arises from tlie right ventricle and xentrituLir septal defttl (containing a probe) Is present. 
lYohcs li.avc also been inserted into the fjstia of the coronary arteries which arise from the aorta. From a fe- 
male infant 7 months old. 
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Figure VI -63. Complete transposition of great vessels with atrial and ventricular septal 
defects 

a Left atnum and left ventncle Atnal septal defect is present in region of fossa 
and left atrioventncular valve has the configwabon of a normal mitral valve. 

b. Left ventncle and pulmonaf>- tnmi A ventncnlar septal defect lies inferior to tlie 
piilmonar>‘ trunk. The relabonship of the nntral and pulmonary valves in this specimen 
with complete traasposilion of great vessels is like that of the mitral and aorbe valves in 
normal hearts 


cases reported (Becker and Bnll, 1948) !n our 
experience, ho\ve\er, pulmonary stenosis is not 
commonly associated. At bmes a bicuspid pul- 
monary %'alve may be present (Hemsalh ct al, 
1936, Case 4). The coronary arteries anse from 
the aorta. Keith and associates (1933) studied 
the relations of the coronary arteries to the aortic 
cusps in 37 specimens of complete transposition. 
The positions of the coronary arterial ostia were 
given according to the aortic cusps behind which 
the artenes arose. The aortic cusps were desig- 
nated as “posterior, nght antenor and left an 
tenor.” In 34 of their 37 cases, the nght coro- 
nar>' artery arose behind the posterior cusp, in 
the other 3, from the sinus of the right antenor 
cusp. The left coronaiy artery arose from the 
sinus of the left anterior cusp in 34 cases; in the 
other 3, from the sinus of the posterior aortic 
cusp. 

Usually the auricular apiwndcRes he in normal 
posib'on. In a case reported by Miskall and Fraser 
(1948) and in a case observed by the author, the 
right auricular appendage lay to the left of the 
great arterial vessels and just to the right of the 
left auricular appendage (Figure \T-64). The 
term jiixiaposUlon of the atrial appendascs was 
suggested for the condition by Dwon (1954). It 
nia>’ occur in other varieties of transposition of 
the great vessels. Juxtaposition of the auricular 


appendages is of no functional significAnce but, 
during cardiac catheterizab'on or on angioeardi* 
ography, the posibon of tlie right auricular ap- 
pendage on the left side of the great vessels may 
be confusing. 

The severe cyanosis, which is characteristic 
of transposition of the great vessels, results 
from origin of the aorta from die right 
tricle (carrj’ing venous blood) while the pul- 
monarv’ tnmk arises from the left ventricle 
(cairv'ing ovv’genated blood). In the basic 
malformation no arrangement is provided for 
orderly passage of v'enoiis blood through the 
lungs and then to the systemic arterial cir- 
culation. If life is maintained after the um- 
bilical cord is interrupted, it means that some 
communication, how’ever small, must exist 
between the lesser and greater circulations 
or between the two sides of the heart. 

Tlie three most common means of com- 
munication are patent foramen ovale, ventric- 
ular septal defect, and patent ductus arterio- 
sus. In a given case, one, two, or all three of 
these may be present. Additional sources of 
communication between the two circulations 
may exist and should he looked for liy tJie 
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pathologist at necropsy in all hearts wotb this 
condition. Anomalous connection of one or 
several pulmonary veins with the right atrium 
or one of its tributaries would permit a sub- 
stantial amount of arterialized blood to reach 
the right side of the heart and then the aorta, 
for distribution to the systemic circulation. 

This was the situation in the patient of Feld- 
man and Chalmers (1933), who lived to the age 
of 2 months. All of the pulmonary veins entered 
the right atrium, and a patent foramen ovale was 
the avenue by which the left side of the heart 
received blood. In a male infant, aged 22 
months, u'ilh complete transposition of the great 
vessels, Harris and associates (1927) reported 
that an anomalous vein connected the right inter- 
nal jugular vein with the left atrium. In addi- 
tion, the heart had an atrial septal defect repre- 
sented as incomplete guarding of the foramen 
ovale by its valve, a ventricular septal defect and 
a patent ductus arteriosus. It is conceivable that 
the anomalous vein played a role either jn bring- 
ing venous blood to the left side of the heart for 
oxygenation in the lungs or in carrying oxygen- 
ated blood from the left atrium to the right side 
of the heart and so to the aorta. A similar venous 
variation was noted in the fifth case of Read and 
Krumbhaar (1932), in which the azygos vein 
communicated with the left atrium. 

Abbott (1937) stressed that dilated bronchial 
arteries may be another important channel of 
getting the blood from one system into the other 
in complete transposition of the great vessels 
(Figure VI-65). Cockle’s (1863) patient, a boy 
aged 2 years and 8 months, had complete trans- 
position of the great vessels, a patent foramen 
ovale, and greatly dilated mediastinal vessels lead- 
ing to the lungs, which were probably bronchial 
arteries. The ventricular septum and the ductus 
arteriosus were closed (Figure VI-62). By injec- 
tion techniques, Cudkowicz and Armstrong 
(1952) demonstrated enlarged bronchial arteries 
in a heart with complete transposition of the 
great vessels. 

Incidence. Complete transposition of the 
great vessels is relatively common among con- 
genital cardiac malformations of infants and 
children. 

Gibson and Clifton (1938) observed this con- 
dition 9 times in 103 specimens of congenital 
cardiac disease in infants and children. Terplan 
and Sanes (1936) found at necrospy 21 cases of 


congenital cardiac disease, including 1 instance 
of complete transposition among 336 infants 1 
year of age or less. Among 300 children with 
congenital heart disease studied clinically, Astley 
and Parsons (1932) found 72 who were cyanotic; 
it was thought that 36 of these had tetralogy of 
Fallot and 16, complete transposition of the 
great vessels. In the collection of 357 specimens 
at the hfayo Clinic, Fontana (1958) found 24 
examples of complete transposition of the great 
vessels. 

Sex Distribution. Males predominate, the 
rah'o being about 4 males to 1 female. 

Functional Features. Tlie primary disturb- 
ance in complete transposition of the great 
vessels is based on communication of the 
aorta with the right ventricle and of the pul- 
monary trunk ^vith the left ventricle, all of 
the other connections being normal. As a 
result, unsaturated blood in the right side 
of the heart is primarily directed to the aorta 
while completely saturated blood from the 
left ventricle is directed to the pulmonary 
trunk for recirculation. It has been pointed 
out that, for life to be maintained, blood must 
communicate between the two circulations. 



Figure V'l-Ct. Juxtaposition of the auricular ajv 
pendages in a c.ase of complete transposition of the 
great x'csst'Js. TJie right atiricubr appetKlage 
(flui.) lies to the left of the grc.it xosscis (/t. in- 
dicates aorta; P.T,, pulmonary trunk) and to tlie 
nghl of the left .iiirfctibr append.sge (I.. A.}. 
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Figure ^'I-65. Anlenor aspect of trachea and 
aotbc arch m an infant with complete transposi- 
tion of the great vessels. The aortic arch has been 
deflected toward the patient’s left. A large bron- 
chial artery anses from the distal portion of the 
aorbe arch, crosses in front of the trachea and 
commurucates mth the nght lung near the nght 
main bronchus. 


Campbell and associates (1949) suggested that 
when the volume of blood on one side of the heart 
becomes significantly greater than on the other, 
the pressure rises on the side to which the blood 
IS shunted, causing reversal of the shunt. Becker 
and Brill (1948) thought that, during ventricular 
systole, the blood fiosv svas from the left to the 
right through a ventricular septal defect, but dur- 
ing diastole the flow might be in the reverse direc- 
tion. 

It is probable that blood flosving through large 
bronchial arteries passes from the aorta into the 
pulmonary circulation. In some instances of com- 
plete transposition of the great vessels, the distal 
portion of the body is less cyanotic than the 
proximal part, indicating that the flow is from 
pulmonary artery mto the aorta through the duc- 
tus arteriosus The paUent of Dreyfuss (1929) 
had coarctation of the aorta proximal to the patent 
ductus arteriosus, but tliis additional malformation 
need not be present for blood to flow in the direc- 
tion named. 

Among patients having ventricular septal de- 
fect, pulmonary hypertension is probably always 
present, as it may be in patients having patent 
ductus arteriosus. It is not known whether the 
pulmonary arterial pressure is normal when the 
r’cntricular septum is intact. ^Vhen the ventricular 
septum is present, the pulmonary vessels may 
shmv h>pcrtensii’e changes like those seen in ordi- 
nary ventricular septal defect (Figure VI-66). 

Clinical Features (rcroewed by Taussig, 1938; 
Campbell and Suzman, 1951; Astley and Par- 


sons, 1952; Xeith et ah, 1953; Rushmer et <il., 
1953). Usually cyanosis, often intense, is an early 
sign and is noted immediately after birth. In- 
creased vascular markings throughout the lungs 
in die roentgenogram of a c>'anotic patient pro- 
\ide strong evadence of this condih'on; the shadow 
of the great vessels may be narrow in the antero- 
posterior projection and wider in oblique views 
(Keith et al.). The patient often presents evi- 
dence of rapid cardiac enlargement and early 
congestive heart failure. Cardiac catheterization 
usually indicates that the oxygen saturation of 
the aorta is essentially similar to that in the right 
ventncle. In 3 cases reported by Campbell and 
Suzman, the oxygen saturation of blood in the 
systemic arteries was sUghtly higher than that in 
the right ventricle, probably as a result of a left- 
to-nght shunt occurring through a ventricular 
septal defect. In instances in which both the 
aorta and pulmonary artery were entered, the 
oxygen saturation in the pulmonary artery was 
significantly higher than that in the aorta. The 
low saturation m the aorta (Campbell and Suz* 
man’s figures ranged from 50 to 75 per cent 
saturation) corresponds to saturation of mixed 
venous blood. Various techniques for studying 
circulation time indicate earl)' filling of the aorta 
from the right ventricle. Angiocardiographic 
studies reveal the filling of the aorta from the 
right ventricle (Abramson. 1950) and may be 
helpful in establishing the diagnosis, but such 
features may also be observed In anatomic tetral- 
ogy of Fallot with severe pulmonary stenosis or 
atresia, and even in hearts with a single ventricle. 
If a precordial systolic murmur is present, it has 
a close but not an absolute correlation with a ven- 
tricular septal defect, according to Keith and 
assodales (1953). 

Associated Conditions. Complete transpo- 
sition of the great vessels usually is not asso- 
ciated with other major malformations except 
the communications between the circulations 
that have already been described. Tliese are 
not ordinarily regarded as separate entities, 
but simply as part of the condition. The oc- 
currence of anomalous pulmonary venous 
connection in association with complete trans- 
position of the great vessels has been men- 
tioned under Pathologic Anatomy. 

Prognosis. An extensive review by Kato 
(19^) indicates that most patients do not 
survive beyond infancy, although some may 
reach adolescence or adult life. 
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Hanlon and Blalock (1948) reviewed the sur- 
vival time in 123 cases of transposition taken 
from the following sources: 85 of the 97 cases 
reviewed by Kato in which data were sufficient 
for analysis; isolated cases reported following 
publication of Kato’s paper; and 23 cases studied 
at necropsy at the Johns Hopkins Hospital. The 
average duration of hfe in this series of 123 cases 
was 19 months. They stated that, exclusive of 6 
patients who survived 10 years or longer, the 
average age at death (of 117 patients) was 5V4 
months. Tliey emphasized the importance of com- 
munications between the two sides of the heart, 
namely, atrial septal defect, ventricular septal 


defect, and also patent ductus arteriosus. They 
emphasized particularly the beneficial effects of a 
ventricular septal defect and of combinations of 
intercommunication. Several of the cases re- 
viewed by Kato which favorably influence the 
average age of survival should not be included 
under the designation of complete transposition 
of the great vessels. On the other hand, Dom- 
ing’s (1890) patient, a boy 8% years old, repre- 
sents a bona fide example of complete transposi- 
tion of the great vessels with unusually long 
survival. The patient of Ale.vander and White 
(1947) lived 17 years and that of Fung and asso- 
ciates (1955), 18 years. 


TAUSSIG-BING COMPLEX 


In 1949 Taussig and Bing described the 
complex of malformations in which the aorta 
arose entirely from the right ventricle, and 
the pulmonary trunk arose from both ven- 
tricles above a ventricular septal defect. There 
was no pulmonary stenosis (Figures VI-67 
and Vl-eS). 

Earlier, Shapiro (1930) and Brown (1939) 
had described a similar arrangement. Brown in- 
dicated that this condition was a variant of 
complete transposition of the great vessels, a view 
Mith U’hich the author agrees. In spite of the 
historical sequence, this complex of malforma- 
tions is now known as the Tausslg-Bing complex. 
This variant of complete transposition of the great 
vessels is uncommon (revie%v by Chiechi, 1957). 
While pulmonary stenosis was absent in the cases 
initially described, the author has observed a case 
with pulmonary stenosis. This might be called 
'Taussig-Bing complex with pulmonary stenosis.” 

In the classic example of tlie condition without 
pulmonary stenosis, the functional arrangements 
depend on presence of a large ventricular defect 
and on origin of the aorta directly from the right 
ventricle. Considerable pulmonary recirculation 
occurs, and the pulmonary arterial oxygen satura- 
tion is at a higher level than that of the aorta. 
The dcsaturalion of the blood in the aorta is 
responsible for cyanosis. The paradox of c>'anosis 
in the presence of increased pulmonary flmv 
should suggest complete transposition of the great 
\ cssels or this variant of it. 

Angiocardiographic evidence of early filling of 
the aorta and later filling of the left side of tlie 
heart and pulmonary trunk leads one to suspect 
the condition (Van Buchem cf aJ., 1950, Martin 


and Lewis, 1932; Azevedo et ah, 1956), Pulmo- 
nary Jiypertension is present in cases without 
pulmonary stenosis (Taussig and Bing, 1949, 
Metianu et al , 1933; Dubourg et ah, 1954). 

Not infrequently the Taussig-Bing complex is 



Figure VI-CO. A large muscular artery of llic lung 
of a S-year-old cliilcl svhn had complete transposi- 
tion of the great sesscls and large scntricitlar septal 
defect. The artiry shows medial l^pcrtropliy and 
considcmble intimal fibrous tlnckening, c.msing cor- 
rosponding narrossing of the Junien. EListic tissue 
stain. X 115. 
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associated with anomalies of the aortic arch sys- 
tem (Maxwell and Crumpton, 1954). These in- 
clude patent ductus arteriosus (Lev and Volk, 
1930), anomalous origin of the right subcla\ian 
artery, and coarctation of the aorta (Mossberger, 
1949). In an unusual case reported by Alcott 
and associates (1956), an anomalous right sub- 
clavian artery arose pro-dmal to the site of aortic 
coarctation (Figure VI-67). 


The prognosis in the Taussig-Bing complex is 
generally better than in the classic varieties of 
complete transposition of the great vessels %v'here 
each of the great arteries arises exclusively from 
the “wrong” ventricle. The large ventricular septal 
defect in this condition allou'S for more mixiOg of 
blood than in the pure form of complete trans- 
position of the great vessels. 


BIVENTRICULAR ORIGIN OF PULMONARY TRUNK WITH 
SUBAORTIC STENOSIS 


In 1955 Becu and associates described a 
complex of malformations which was charac- 
terized by the biventricular origin of the pul- 
mcmary tnmk, subaortic stenosis and fre- 
quently associated malformations of the aortic 
arch system (Figures VI-69 and VI-70). The 
chief characteristic of this malfonnaHon is 
that the ventricular septal defect, when 
riewed from the right side, is located abo\'e 
the papillarj* muscle of the conus and in 
close relation to tlie pulmonarj' valve. A 
portion of the upper edge of the defect is 
formed by the pulmonary’ valvular tissue at 
the commissure between the left and right 
pulmonary cusps. The outflow tract of the 


left ventricle is divided by a muscular ridge 
which runs from the anterior leaflet of the 
mitral valve to the anterior wall of the left 
ventride (Figure VI-e9b), This muscular 
ridge divides the outflow tract into a narrow 
subaortic tract beyond which the aorta arises, 
and a tract which leads to the ventricular 
septal defect. The various associated malfor- 
mations of the aortic ardi indudes patent 
ductus arteriosus with coarctadou of the aorta 
and intemipHon of the aortic arch with bi- 
lateral ductus arteriosus. All of the 5 patients 
whose malformations were reported by these 
authors died in infancy’. 


ORIGIN OF BOTH GREAT ARTERIES FROM THE RIGHT OR 
LEFF VENT'RICLE 


Uncommonly both the aorta and pulmonary 
trunk arise from one ventricle, more often 
the right ventricle. Under these circum- 
stances, a ventricular septal defect is present. 
Witham (1957) reviewed the literature on 
“double outlet right ventricle” and included 
in this category cases of persistent truncus 
arteriosus arising from the right ventricle as 
well as those in which the rivo great vessels 
were developed but commuiucated only -with 
the riglit ventricle. In this chapter, persistent 
truncus arteriosus arising from the right ven- 
tricle is discussed in the section dealing with 
Persistent Truncus Arteriosus and is kept sep- 
arate from cases in which both great vessels 
are formed and arise from the right ventricle. 
Isolated cases of this condition were rev’iewed 
by Ash and associates (1939). 


When both great arteries arise from the 
right ventricle, the two great vessels usually 
bear a relationship to each otlier which is 
essentially like that in the anatomic tetraIog>' 
of Fallot with the specimen viewed from the 
exterior. A ventricular septal defect is 
present, and the aorta and pulmonary trunk 
arise more or less side by side (Figure VI- 
71). In some circumstances the tract leading 
to the pulmonary trunk is not stenotic, and 
in others there may be infundibular stenosis. 
In the first ediUon of this chapter, the latter 
cases were classified as variants of the tetral- 
ogy of Fallot and cases Arithout pulmonary 
stenosis were called “Eisenmenger comple-x. 

Upcommonly the condition is intennediate be- 
ttt'een obrious origin of botli great vessels from 
the right ventride and anatomic tetralogy of Fal- 
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lot. In the last condition, the aorta clearly arises 
from both ventricles. In the intermediate group 
the aorta arises only in small part from the left 
ventncle. Some such cases have a subpulmonaiy, 
right ventricular, infundibular tract, while others 
have no such tract or any other gross obstiuction 
to pulmonary blood flow. 

In an occasional instance in which the two 
great vessels arise from the right ventricle, the 
position of the aorta with respect to the pulmo- 
nary trunk is abnormal and resembles that m 
complete transposition of the great vessels. Usu- 



Figure VI-67. Taussig-Bing comple’c. 
Interior of right ventncle and great 
vessels is shown The pulmonary 
trunk (P. ) arises above a ventncular 
septal defect (V.SD ). In this case 
m.slfonn.ations of the aortic arch sys- 
tem included co.uctation of the aorta 
(Coarc.) opposite the aortic entrance 
of the closing ductus arteriosus 
(D.A. ). Beyond the origin of the left 
subclavian artery (LS.A ) and prosi- 
inal to the site of the coarctation is 
the ongm of an anoin.-ilous nght sub- 
clavian artery (HS.A). The aorta 
(A.) arises evclusively from the an- 
terior portion of the nght ventncle. 
(From Alcott and associates, 1936. 
Beproduced with permission of the 
authors and Pcf/iatrics.) 


ally pulmonary or infundibular stenosis or both 
aie present. In one such case, the author ob- 
served the additional features of persistent com- 
mon atrioventricular canal. 

When both of these arteries arise from the 
right ventricle, the functional disturbances depend 
on the presence or absence of pulmonary stenosis. 
If stenosis is present, the function is like that in 
the anatomic tetralogy of Fallot with comparable 
degrees of pulmonary stenosis. If pulmonary ob- 
struction IS absent, the function is essentially like 
that m hearts with ordinary large ventricular 
septal defect. 

Rarely both great arteries arise from the left 
ventricle. When it does occur, there is a ventricu- 
lar septal defect, and the great vessels are trans- 
posed, the aorta lying vential to the pulmonary 
trunk. In the author’s experience, the pulmonary 
p.ithway IS ahvays markedly obstructed or even 
atretic. Behind the origin of the transposed aorta 
is a stenotic or atretic muscular tract which leads 
from the left ventricle to the pulmonary trunk. 
Hypoplasia of the right ventricle may be asso- 
ciated. 



Figure VI-68. The inlracardiac circulation in 
the Tausvig-Bing complex (modified from Taus- 
sig and Ring, 1919). 


CORRECTED TRANSPOSITION OF THE GREAT VESSELS 

Corrected transposition of the great vessels and great vessels from p.-iticnls of all ages at the 
is uncommon. Ma>’o Clinic, Fontana (1938) found 5 instances. 

Cardell (1936) found only 24 Kisc-s reported in 
In 357 specimens of malformations of the heart the literature. 



3 



Fij^iirc VI*60 DivcntnciiLir oriKio of piilnton-ir) inmL uiili Milxorlic slcno^i^. (Prom Been nml •ivvociati'Si 
1035. BcproJncetl NXlh pt'nnn'ion of the aiillKin .ntid C V Co.) 

a Intenor of right ^enlnLIc and pulmonary tnink. Tlie puhnnnar> %.ihe (P.V.) is \Wdor than normal 
and o\crrK^e^ the tentntiilar •.I'pt.'d defect (PSD ). Tlic latter i> liicnteil al>otc the p.npillar>' muscle of the 
C'Oinis (P..VC.) and IicIons the ptiluumary suite, with a portion of the crivta suprasentrlciilans (C.S.). On 
the antenor wall of the outflow tract of the nght scWncle is .an area of emlocardial thickening wJileh is 
Interpreted a.s n jet lesion resulting from a lcft*to*nght shunt through the defect (T'.V'. indicates tricuspid 
sahe). 

b. Intenot of left scnlncle (L.V ) and aorta. Tlic postenot papiUar>’ muscle (P.P.Af.) and the anterior 
mitral leaflet (<t.tf.) arc normal Across the outflow tract of Uie left scntncle is a muscular ridge that 
divides this tract into two portions, a posterior subaortic one and an anterior one. The latter tract leads to the 
ventricular septal defect (PSD ) and be>ond into the pulmonaiy trunk (P.T.). The aorta is narrow com- 
pared to the sire of the pulmonary trunk. 


The pathologic anatomy is specific, making 
the pathologic diagnosis simple (Walmsiey. 
1931). The principal external feature is the 
abnormal relationship of the aorta and pul- 
monary trunk which resembles that in the 
serious malformation, complete transposition 
of the great vessels. The aorta lies ventral to 
the pulmonary trunk and the two vessels rtin 
parallel, instead of crossing each other as they 
normally do. Despite the abnormal arrange- 
ment of the great vessels, the aorta and the 
pulmonary trunk connect with appropriate 
ventricles so that tlie route of blood flow 
through the heart is normal. Tlie internal 
structure of the heart is also abnormal (Fig- 
ure VI'72). The right ventricular wall is 


smooth, resembling the wall of the left ven- 
tricle of normal hearts. The right ventricle lies 
dorsally. The left ventricle, which lies x'en- 
trally, is trabeculated and has muscular land- 
marks like those of the right x'entricle of the 
normal heart. The respective atrioventricular 
x’alves also have features timt bear resem- 
blance, in mirrored image, to the normal 
contralateral valves. Thus, in corrected trans- 
position of the great vessels, the right atrio- 
ventricular valve has two leaflets resembling, 
in their structure and chordal arrangements, 
those of the mitral valve. Here the anterior 
leaflet forms the wall of botlr the inflow and 
the outflow tracts of the ventricle, as does 
the anterior leaflet of tlie mitral valve in nor- 
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mal hearts. Moreover, the continuity of the 
anterior Jeaflet of the mitral vjjlve wifli the 
cusps of the aortic valve seen in the normal 
heart is comparable to the continuity of the 
anterior leaflets of the right atrioventricular 
valve with the pulmonarj' valve of the heart 
having corrected transposition of the great 
vessels. In the latter condition, the left atrio- 
ventricular valve has the structure, but in the 
form of a mirrored image, of the tricuspid 
valve of the normally formed heart. 

Care should be taken in the terminology of the 
atrioventricular valves in this malformation. While 
It is best to refer to these valves as the "left and 
right atrioventricular valves,” for the sake of 
brevity, m this section we may call the left valve 
the "mitrar and the right the "tricuspid” valve, 
the quotation marks signifying free use of the 
terms. 

Since part of the mirrored arrangement con- 
cerns the origin of the ventricles and great arter- 
ies, the pulmonary valve lies at a lower body level 
than the aortic, in contrast to the situation in the 
normal heart. In patients with this type of heart, 
usually the other viscera are normally disposed, 
but occasionally situs mocrsus may be present. 

When corrected transposition is not associated 
with other conditions, there is no basis for cardiac 
dysfunction Commonly, however, this condition 
IS associated with other malformations, particu- 
larly ventricular septal defect. 

The possible association of Insufficiency of the 
"mitral” valv’e, however, has been emphasized 
relatively little. Helmholz and associates ( 1956) 
found tliat in 5 of 6 specimens >vi(h corrected 
transposition of the great vessels, malformations 
of the left atrioventricular valve either caused or 
could have caused incompetence of this valve 
Three of the 5 specimens also had a ventricular 
septal defect, and a fourth specimen, a patent 
ductus arteriosus. Of 3 cases acquired at the 
Mayo Clinic since the report by Helmholz and 
associates, 1 showed subpulmonary stenosis and 
the lesion was essentially a mirrored image of 
the lesion of subaortic stenosis of norn).iIIy dis- 
posed hearts, isolated dettroc.ardia also uas pres- 
ent. The second heart had a ventricular and an 
atrial septal defect and the third, "mitrar in- 
sufficiency without septal defects. In a ro’iew of 
17 cases of corrected transposition of the great 
vessels, Anderson and associates (1937) found 
ventricular septal defects in G, a ventricular septal 
defect and an atrial sept.il defect in I, and a ven- 


tricular septal defect and "mitral” stenosis in 1. 
Three hearts had pulmonary stenosis; 1, pulmo- 
nary stenosis and ventricular septal defect, and 
2, patent ductus arteriosus. 

When ventricular septal defect occurs in asso- 
ciation with corrected transposition, the defect is 
located in the usual position, but because of the 
mirrored arrangements within the heart, the de- 
fect has a different relationship to the pulmonary 
and aortic valves from that in the normally dis- 
posed heart. Thus, unlike the normal heart in 
which the ventricular septal defect is aligned 
closely to the aortic valve and is 'distant from the 
pulmonary valve, in corrected transposition the 
defect lies at some distance from the aortic valve 
and is adjacent to the pulmonary valve. The le- 
sions which cause incompetence of the left atrio- 
ventricular valve take two forms. In one there is 
peculiar anomalous insertion of chordae which 
bind the valve leaflets in such a ivay as to prevent 
their complete apposition during ventricular sys- 
tole. In other cases (Edwards, 1954; Becu et al., 
1955) , the left atrioventricular valves show anom- 
alies which are essentially mirrored images of 
the Ebstein malformation of the tricuspid valve 
of normally disposed hearts In such cases there 



Figure VI-70. Diagrammatic representation of biven- 
tricular origin of pulmonary trunk with subaortic 
stenosis, reported by Bccvi and associates (1053). In 
tliis case a p.-itont ductus arteriosus (P.DA.) w-as 
present di*lal to coarctation of tbc aorta, and the rigbt 
subclavian artery' (J? S ) arose beyond tlic coarctation. 
(Reprinted by permission of tbc authors and C. V. 

Mosby Co.) 
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Figure VI-71. Origin of bntli great \c<<eK from ll»c riglit ventricle. 

a The aorta an<l pulmonary trunk have been opcnwl. nrnealh Uic piilmnnary valve 
is an infiindiinilar tract. 

b. The ventricular sepul defect contains a probe. The aortic ongin withm the right 
ventncle is clearlj defined as »s the onfice of the subpiilmoairy tract. 


may be either “mitral'' stenosis or insufRcienC)', 
usually the latter. 

The other contralateral lesion that has been 
observed is subpulmonar)' stenosis. When this is 
present, the arrangement is essentially the same, 
but in mirrored image, as that in subaortic stenosis 
of normally disposed hearts (Cardell. 1956). An- 
derson and associates (1937) have emphasixed 
the mirrored-image arrangement of the coronary’ 
arteries in corrected transposition. The coronary 
artery which rises from the nght side of the aorta 
is the one which supplies the anterior descending 
coronary artery and the artery to the right alno- 
ventncular sulcus. The coronary artery which oc- 
cupies the posibon of the circumflex artery arises 
from the left side of the aorta and does not send 
a branch to the anterior aspect of the ventricular 


septum Anderson and associates pointed out that 
the peculiar arrangement of the coronary arteries 
may make right ventricular cardiotomy a difhcuU 
problem. 

The fwictional dhliirbanccs and clinical fea- 
tures in corrected transposition depend on asso- 
ciated malformations. The findings on cardiac 
catheteniation may assist in a clinical diagnosis 
of corrected transposition of the great vessels 
(Helmholz et al., 1938). Anderson and asso- 
ciates (1957) emphasized that angiocardiographic 
studies show the left margin of the great vessels 
to be formed by the aorta rather than b\’ the pul- 
monary trunk. Tlie oeciirrence of congenital heart 
block should lead to suspicion of corrected trans- 
position of the great vessels with ventricular septal 
defect (Walker et a/., 1958). 


PERSISTED TRUNCUS ARTERIOSUS 


Pathologic Anatomy. Persistent truncus ar- 
teriosus is characterized by the presence of 
but one arterial vessel leav’ing the ventricular 
part of the heart. There must not be a r^- 
nant, in fact or implied, of a second vessel. 
Tire coronary arteries and usually the pulmo- 
nary arteries arise from the ascending portion 


of the single vessel, which then continues as 
the aorta. In an exceptional instance, pulirio* 
narj' arteries are absent and, if tlie lungs are 
supplied by branches of tlie descending aorta 
and not by a patent ductus arteriosus, the 
condition may be regarded as a form of per- 
sistent truncus arteriosus. 
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Figure VI-72. Corrected transposjtion of the great vessek witl* atrial and ventricular septal defects 
in an 18-month-old male infant. 

a. Right side of heart. The atnal septal defect at the fossa ovahs has been closed surgically. The 
right atrioventricular valve has the configwralion of a normal mitral valve in mirrored image. 

h. Right ventncle and pulmonary tninV. The smooth internal configuration of the right ventricle 
is representative of the features of a left ventricle in mirrored image. The anterior leaflet of the riglit 
atnoventricular valve is continuous with valvailar tissue of the pulmonary valve. The ventricular septa! 
defect, which has been closed by direct suture, fes immediately subjacent to the pulmonary valve. 

c. Left side of heart. The atrial septal defect has been closed. Tlie left atrioventricular valve 
has llie configuration of a tricuspid valve in minvred image. Short chordae attached to the septal 
and posterior leaflets may have made this valve incompetent. 

(I. Left ventricle and aorta. The mirrored image is portrajed of the outflow tract normally seen 
in the right ventricle. The ventricular septal defect is distant from the aortic valve ami is overhung by 
tissue of the septal leaflet of the left atiiovcrntricular valve. The coronar>- arteries arise from the aorta. 
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Figwre VI-73. The four types of persistent truncus 
artenosus. a. T>"pe 1. b. Type 2. c. T>TJe 3. d. Type 
4. (From Collett and Edwards, 1949 Reproduc^ 
by permission of the W. B. Saunders Co. ) 

In 1949, Collett and the author reviewed the 
subject of persistent truncus artenosus. Of a lota) 
of 116 cases, 80 were thought to be examples of 
persistent trunctis arteriosus and 13 of jtartial 
persistent tnincvs arteriosus. Of the other 23 
cases, 12 were not true examples of this entity 
even though they had formerly been so regarded 
by other authors. The remaining 11 cases could 
not be classified because of inadequate informa- 
tion as to the pulmonary arterial supply. The 80 
cases of persistent truncus arteriosus were divided 
into four types, depending on the manner in 
which the lungs xvere supplied with arterial ves- 
sels. The characteristics of the four major t>'pes 
follow: 

Type I (present in 48 per cent of 80 cases). A 
single pulmonary trunk and the ascending aorta 
arise from the truncus arteriosus (Figures VI- 
73a and VI-74). 

Type 2 (present in 29 per cent of cases). The 
right and left pulmonary arteries arise close to- 
gether from the dorsal wall of the truncus arterio- 
sus (Figure VI-73b). 

Type 3 (present in 10 per cent of cases). One 
or both puImonar>' arteries arise independently 
from either side of the truncus arteriosus (Fig- 
ure VI-73c). 

Type 4 (present in 13 per cent of cases). The 
pulmonary arteries and the ductus arteriosus are 
absent. The sixth aortic arches are apparently ab- 
sent. The arterial circulab'on to the lungs is fur- 



Figurc VI.74. Persistent trunctis artericwuJ» 
Type 1. The right xentricle has been opened 
to show the origin of the persistent trun- 
cus arteriosus from botli \ entricles above a 
septal defect. A sliort piilmonai^' trunk 
gixes ri<e to the right and left pulmonary 
arteries. (From Dry, T. and asxodatp*- 
Postf-raduate Mcdttinc, 4:211 (1048]. Re- 
produced by permission of the authors and 
Postgraduate Medicine.) 

nished by the bronchial arteries (Figure VI-73rf). 

Manhoff and Howe (1949) gave a comprehen- 
sive discussion of persistent truncus arteriosus. 
They reported a case which, according to the fore- 
going classification, would be designated as per- 
sistent truncus arteriosus, T>T>e 4. They preferred 
to designate the condition absence of the P»f* 
nionary artery. They argued correctly that the 
absence of the right and left pulmonary’ arteries 
must be interpreted as indicating either absence 
or early inx'olution of the sixth aortic arches. The>’ 
also argued that the failure of the embryonic 
truncus arteriosus to be partitioned into pulmo- 
nar)' trunk and aorta was secondary to the defi- 
ciency of the sixth aortic arches. This interpreta- 
tion, however, need not be correct. It is also 
possible that absence of the sixth aortic arches 
and failure of the truncus arteriosus to be parti- 
tioned xvere t'VQ independent conditions. Man- 
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liofF and Howe thought that in their case the 
truncus arteriosus had failed to be partitioned. 
Any other view is untenable. Yet they preferred 
to designate the single vessel leaving the heart 
as the “aorta” rather than a "truncus arteriosus." 
While this vessel has the gross anatomic charac- 
teristics of the aorta, developmentally it represents 
the embryonic truncus arteriosus. This case, there- 
fore, must be regarded as a form of persistent 
tmncus arteriosus. 

In persistent truncus arteriosus the ventricular 
septum is defective. As a rule, the defect involved 
only the membranous portion; but in almost one 
fourth of the cases the muscular portion of the 
septum also was completely absent, the heart 
exhibiting the characteristics either of cor bilocu- 
lare Or cor triloculare biatriatum. 

The truncus arteriosus usually arises from both 
ventricles superior to the ventricular septal defect 
but occasionally it arises from the right ventricle 
exclusii'ely. Less often the truncus arises from 
the left ventricle alone. In the 80 cases of mal- 
formation classified by Collett and Edwards, the 
truncus arose from both ventricles (overriding 
septal defect) in 38; from the right ventricle in 
18; from the left ventricle in 2; from a single ven- 
tricle in 19; and in 5, the source was unknown. 

Number of cusps in the semilunar valve. Hum- 
phreys (1932), has advocated the criterion of 
four cusps in making the diagnosis of persistent 
truncus arteriosus. This criterion for morphologic 
diagnosis does not seem essential and gains little 
support from die developmental characteristics of 
the malformation. In 60 of the 80 cases which 
Collett and the author classified, there were data 
as to the number of valve cusps. In the majority 
(43 cases) the valve of the truncus was formed 
by three cusps; in 9 cases (all examples of Type 
1), four cusps; in 6, three cusps one of which was 
partially divided; in 1, six cusps; and in 1, two 
cusps. 

The coronary arteries arise from the truncus 
arteriosus. In 1 case there were three coronary 
arteries and in 7 cases a single coronary artery. 

The aortic arch is frequently anomalous. In 80 
cases of persistent truncus arteriosus a right aortic 
arch was present 11 times and a double aortic 
arch was present once (Kerwin, 1938). In the 
other 68 cases of persistent truncus arteriosus, it 
was either stated or assumed that the aortic arch 
was on the left side. 

Absence of the ductus arteriosus. The ductus 
is absent in more than hall of the cases. In Type 
4, by definition, Uie ductus is always absent. The 


ductus arteriosus may also be absent in the tetral- 
ogy of Fallot, in hearts with a single ventricle and 
occasionally in ventricular septal defect. Each 
of these malformations allows sufficient communi- 
cation between the two circulations during fetal 
life so that the ductus is used little and, there- 
fore, undergoes atrophy. 

Incorrect Interpretation of Persistent Truncus 
Arteriosus. Of the 116 cases which Collett and 
the author revieu’ed, 12 did not seem to be bona 
fide examples of persistent truncus arteriosus. 
The characteristics of these cases were (1) origin 
from the heart of a single arterial trunk which 
followed the course of the aorta and (2) origin 
of the pulmonary arterial system from a ductus 
arteriosus. In 8 of these cases two pulmonary 
arteries arose from a patent ductus arteriosus. We 
excluded such cases from the designation of per- 
sistent truncus arteriosus for the following rea- 
sons: Since the right and left pulmonary arteries 
are derived from the proximal portions of the 
right and left sixth aortic arches, the presence of 
both of them presupposes that the proximal por- 
tions of the right and left sixth aortic arches were 
present at one time; since the right and left pul- 
monary arteries showed no connection with the 
truncus or a derivative of it, those parts of the 
sixth arches must have been present at one time 
but must have subsequently disappeared. Under 
these circumstances, it is impossible to state 
whether the sixth aortic arch had arisen from a 
tnmeus arteriosus or from a pulmonary trunk 
which had developed from partitioning of the 
truncus. This view is shared by ManhofF and 
Howe (1949). 

In the patient with a right aortic arch reported 
by Harris (1926) the left lung was absent. The 
arterial supply to the right lung appeared to be 
by way of a right-sided ductus arteriosus. Thus 
interpreted, a right-sided pulmonary artery might 
have developed at one time but subsequently dis- 
apjreared. In 3 cases a single arterial vessel arose 
from the heart but the pulmonary arterial supply 
arose from a right-sided ductus arteriosus con- 
necting xvith the innominate artery (Ilerxheimer, 
1910, Wood and Williams, 1028; Mehta and 
Hewlett, 1945). Tlie type of case under discus- 
sion is removed from the category of persistent 
truncus arteriosus, since there is reason to believe 
tliat the truncus arteriosus had been partitioned 
but as a result of abnormahtj- in this process the 
pulmonar>' trunk was so small as to escape de- 
tection. 

Incidence. Fontana (1938), in a series of 3-57 
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Figure VI.75. a. Partial persistent tmncus arteriosus (con- 
genital communication bet^^•een ascending aorta and pul- 
monary tnm\.) b Partial persistent tmncus arteriosus svith 
a large communication as in the cases of Bain and Parkinson 
(1943) and of Dadds and Ho)Ie (1949). 


consecuthe specimens of congenital malforma- 
tions of the heart and great vessels in patients of 
all ages studied at the Mayo CUnic, found 6 in- 
stances of persistent Iruncus arteriosus. 

Functional Disturbances and Clinical Features 
of persistent truncus arteriosus (see re\ie\vs of 
Taussig, 1947, and Anderson and associates, 
1957) depend on the state of the pulmonary ar- 
teries. If the pulmonar>' arteries are \Wde, the 
derangements are like those in large ventricular 
septal defect without pulmonary stenosis. If the 
pulmonary arteries are absent or stenotic, the 
circulatory system functions essentially like that 
in the anatomic tetralogy of Fallot, with compa- 
rable degrees of obstniction to pulmonary flow. 
In patients with severe obstruction to pulmonary 
flow, cyanosis may be a paramount sign. In pa- 
tients with malformation of Type 1, in whom the 
pulmonary arteries are uide, the major effects on 
the circulation are the result of a large left-lo- 
right shunt. With cardiac catheterization, it may 
be difficult to distinguish persistent truncus arteri- 
osus from more common malformations. A cathe- 
ter passed above the semilunar valve, however, 
may jield features which will help in distinguish- 
ing jiCTsistcnt truncus arteriosus from m.ilforma- 
tions in uhich two great arteries arise from the 
heart. Angiocardiography may clearly delineate 
the pattern of the persistent tnmeus (Roue and 
Vlad, 1953). 

Complications and Prognosis. The complica- 
tions of persistent tmncus .arteriosus depend to a 
great extent on the basic type ol malformation. 
In patients witli no significant obstruction to pul- 
monary flow, a large left-to-righl shunt may cause 
left ventricular failure and pulmonary edema. 
Wlicn severe pulmonary obstruction exists, the 
complications are reLted to severe I^poxia. The 


evidence indicates that the few patients who live 
to adult life are mainly those with severe pulmo- 
nary obstruction but with a well-developed bron- 
chial blood supply to the lung. 

Bacterial endocarditis is rare, probably because 
many patients die at an early age from other 
causes. This complication was encountered by 
Finley (1930) in a woman 22 years of age with 
a malformaHon of Type 4. A lO-year-oId patient, 
with a similar malformation, died of a complica- 
tion of parturition (Simon and Lustberg, 1951). 
The latter authors refer to other patients with 
persistent tmncus arteriosus who lived to adult 
life. Cerebral abscess may complicate a riglit-to- 
left shunt (Hiilse, 1918). 

Partial Persistent Trunci$3 Arteriosus 
('Congenifal Aortic Septal Defect; 

AorticopiiJmonanj Septal Defect) 

In jHirtial persistence of the tnincus arterio- 
sus, the pulmonary and aortic channels are 
separated at the level of the semilunar valves, 
the ventricular septum is usually intact, but 
a localized defect in the septal sv’stem superior 
to the semilunar valves produces a communi- 
cation between the ascending aorta and the 
pulmonary' iKink (Figure VI-75). 

This lesion may produce a clmical picture in- 
distinguishable from persistent patency of the 
ductus arteriosus. Its pathologic anatomy and 
differenti.'il diagnosis have been reviewed (Polls 
ct a/., 1949; Spencer and Dworken, 1930; Down- 
ing et al., 1953; Ciraud et al., 1953). TTie lesion 
is amenable to surgical closure (Cooley et al., 
IfST). 

The localized defect is the result cither of 
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absence of development of the tnincoconal sep- 
tum at the level of defect or of localized fenestra- 
tion of the septum after it has formed. Rarely 
there may be a large defect between the pulmo- 
nary tnmfc and the aorta, even though their re- 
spective semilunar valves are well formed and 
the ventricular septum is intact. The functional 
changes in partial persistence of the tninciis ar- 
teriosus are quite different from those of com- 
plete persistence of truncus arteriosus, 

Perehnan and Putschar (1949) pointed out that 
fiom the pathologic anatomy it may be difficult 
or impossible to determine ivhether the communi- 
cation IS congenital or acquired. This is particu- 
larly true when the communication is encountered 
m an adult and when there is an inflammatory 
process at the margin of the communication. They 
reviewed 13 reported cases of communication be- 
tween the ascending aorta and the pulmonary 
trunk and reported an instance in a newborn in- 
fant. While some of the patients died during In- 
fancy, 5 of the 13 lived to adult life, the oldest 
being 48 years of age at the time of death Con- 
gestive cardiac failure was the cause of death in 
the older patients and in some of the children. 
TVelve of the 13 cases reviewed by them coincide 
with 12 of the 13 cases of partial persistent trun- 
cus arteriosus reviewed by Collett and Edwards 
(1949). Perelman and Putschar did not list the 
case of Bain and Parkinson (1943) which had 
an extensive communication between the aorta 
and the pulmonary trunk. The patient of Bain and 
Parkinson was a young man aged 18 years Above 


the cardiac ventricles was an ovoid aneurysmal 
sac, measuring 8 cm. in greatest dimension, which 
had 6 apertures. One orifice led to an arterial 
trunk from which arose the innominate, the left 
common carotid and left subclavian arteries, the 
second aperture led to the descending aorta, the 
third and fourth were dorsal and represented 
the ostia of the right and left pulmonary arteries, 
the fifth and sixth were caudal and communicated 
with the base of the aorta and of the pulmonary 
trunk. The aortic and pulmonary orifices were 
properly formed and each contained its respec- 
tive valve The ventricular septum had no defect. 
A similar condition was presented by the patient 
of Dadds and Hoyle (1949), a boy of 15 years 
who died of congestive cardiac failure. The pul- 
monary trunk was dilated to aneurysmal propor- 
tions and a large communication (6 by 5 cm.) 
wth smooth edges was present between the as- 
cending aorta and the pulmonary trunk. The ven- 
tricular septum was intact, and the aortic and 
pulmonary valves were normally formed. 

In a case similar to that of Bain and Parkinson, 
the author encountered a heart with a patent duc- 
tus arteriosus, which had simultaneous rupture 
of the wall of the ductus and of the adjacent por- 
tions of the aorta and pulmonary trunk proximal 
to the ductus arteriosus. The resulting lesion left 
a large communication between the ascending 
aorta and pulmonary trunk. It is impossible to say 
whether cases like Bain and Parkinson’s are ex- 
amples of an aortic septal defect or of complicated 
patent ductus arteriosus. 


DEXTROCARDIA 


Definition. Lichtman (1931), who made 
an extensive review of the literature, defined 
dextrocardia as a condition in which the 
heart assumed a position in the right side of 
the thorax %vith its apax pointing to the right. 
It is a congenital malformation. Excluded 
from the category of dextrocardia are hearts 
that are situated on the right side by virtue 
of congenital or acquired disease in neighbor- 
ing structures. Isolated dextrocardia is de- 
fined as dextrocardia in association with nor- 
mal position of all the other viscera. Chap- 
man and Gibbons (1930) adopted the elossi- 
/icfltion of dextrocardia by Mandclstamm and 
Reinherg, which includes three types. The 
first Ut^c is associated with complete or par- 
tial situs inversus of other viscera. The sec- 


ond and third types are e.xamples of isolated 
dextrocardia. In the second t>'pe, the cardiac 
chambers show mirrored inversion, the ar- 
terial chambers being on the right and the 
venous chambers on the left. In the third 
type the cardiac chambers show a normal 
relationship, the venous chambers being on 
the right and the arterial chambers on the 
left. 

Following an extensile review of the literature, 
Rosier (1930) concluded that fsoitjferf dextrO' 
cardta is alivays associated tvith cardiac molfcrma- 
tions. Lichtman was of Uie same general opinion 
but stated that, in his review of 161 hearts uith 
isolated dextrocardia, 3 liearls had no isolated 
cardiac defect. Brown (1939) referred to a ca^c 
of Stexenson which likeNsisc had no malforniallon 
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associated with the isolated dextrocardia. Even 
m the dextrocardia of situs inversus, cardiac mal- 
formations are common (Taussig, 1947). The 
malformations v'hich are associated with isolated 
dextrocardia frequently include pulmonar>* ste- 
nosis or septal defects, and may include a variety 
of intricate deformities of the heart. Dry and 
associates (1948) reported isolated dextrocardia 
in an infant 10 months old who had a single \en- 
tricle. 

Inasmuch as congenital malformations of the 
heart are common in isolated dextrocardia, Ufe 
expectancy is often short. The average age at 
death is less than 30 years, many of the patients 
d>nng during the first year of life. An exceptional 
case is that of Ruskin and assoaates (1943)- 
Their patient, a woman 53 years of age at the 

SUBAORTIC 



Fiuiirc VI-Tfi. Siiluoilic stenosis in a man aged 
20 )car^. a. Tlic unopened fibrous coll.nr in die 
outHow tract of tiic left ventricle, b. The un- 
opened aortic orifiic is \ie«cd from abost*. The 
aortic v.nhc i> noniu! and beneath it Is the sub- 
aortic Stenosis. 


time she was studied clinically, had had 7 preg- 
nancies. 

Transposition of the great vessels is commonly 
assooated with isolated dextrocardia and in some 
cases the transposition is corrected. The aortic 
arch may cross ventral to the right bronchus, but 
usually it crosses over the left. The descending 
aorta usually is on the left side, regardless of tlie 
position of the aorb’c arch. The electrocardio- 
graphic features of isolated dextrocardia have 
been reviesved by Shepard and Stewart (1948) 
and by Burchell (1949). 

Isolated levocardia or isolated sinistrocardia is 
characterized by the heart and apex pointing to 
the left in patients with situs inx-ersus. In tliese 
cases congenital malformations of the heart are 
probably as common as are malfonnations in pa- 
tients \nth isolated dextrocardia. 

STENOSIS 

Pathologic Anatomy. In subaortic stenosis 
the outflow tract of the left ventricle shows 
localized narrowing. Keith (1909) compared 
tile stenosis of the left ventricular outflow 
tract in this condition to stenosis of ostium 
infundibuli of the right ventricle. 

Tlie most striking change in the fully es- 
tablished case is the thickened, gray and 
opaque endocardium of the outflow tract of 
the left ventricle. The lower margin of the 
thickened endocardium projects as a ridge 
or shelf facing caudally into the lumen of the 
left x'cntricle. This ridge, composed of elastic 
and collagenous tissue, not only involves that 
portion of the outflow tract of the left ven- 
tricle formed by tlie x’entricular septum, but 
is also present on the neighboring ventricular - 
surface of the anterior leaflet of the mitral 
v’alvc. This appears to produce a stenosing 
fibrous collar in the left ventricular outflow 
tract (Figure VI-76n). In some descriptions 
of subaortic stenosis, this feature is the sole 
one mentioned. 

Some defects show a peculiar bulge on tlie 
part of the ventricular septum (Greenberg and 
Simon, 1949), the ventricular sepfiun extending 
farther to the left than normal and so into the 
path of the outflowing left ventricular blood. Tin’s 
IS prolxibly the underline stniclural alteration. 

At cMwr times, tiioiigh the xcntricniar septum is 
intact, the base of the aorta lies more to the right 
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than nonnal. Rae’s patient (1936) also had an 
aneurysm of the membranous portion of the ven- 
tricular septum. 

The channel of the left ventricular outflow tract 
at tlie level of stenosis is usually so reduced in 
diameter as to admit only the examiners little 
finger, in contrast with the normal caliber of the 
aortic valve (Figure VI-76i). 

Typical features of this condition were clearly 
illustrated in 1875 by Lauenstein. A few reported 
cases have had aortic valvular malformations. Dilg 
in 1S83 reported subaortic stenosis in a patient 
2 >ears of age and reviewed 15 cases reported 
earlier, he stated that in his case and in Bouil- 
lard’s, the aortic valves were bicuspid. The case 
of Walsh and associates (1943) exhibited a large 
posterior and two smaller anterior aortic cusps. 
According to these authors, a bicuspid aortic 
valve was present in Thursfield and Scott's pa- 
tient. In Donnanns’ patient (1939), a laborer 
aged 16 years, the aortic valvular cusps were 
underdeveloped and composed of myxoma*hke 
tissue. In Case 1 of hforrison and Edwards 
(1950), the patient was a man aged 26 years who 
died of congestive cardiac failure and presented 
a patent ductus arteriosus associated with his de 
feet. In a case observed by the author, a ven- 
tricular septal defect existed above the subaortic 
stenosis. 

Incidence. In 1937 ^Viglesworth slated that 
he was able to find only 36 cases of subaortic 
stenosis in the literature. Gnienwald (1947) re- 
potted on 6 cases which were found at necropsy 
at the Mt. Sinai Hospital of New York City over 
a period of 7 years. Gnienwald expressed the 
opinion that the condition is probably more com- 
mon than is evident from the number of cases 
reported. ^Valsh and associates (1943) stated tliat 
no example of subaortic stenosis was found among 
more than 10,000 necropsies at the Massachusetts 
General Hospital in Boston. Nine examples of 
this condition were encountered among 357 exam- 
ples of major cardiac and vascular malformations 


in the pathologic collection of the Mayo Clinic. 

Functional Disturbances. The chief functional 
disturbance of subaortic stenosis is strain of the 
left ventricle with resulting hypertrophy of its 
wall. This often causes increased cardiac weight 
(Greenberg and Simon, 1949). 

Complications and Prognosis. Cardiac failure 
may cause de<ath of the patient. Many of the 
patients live to adult hfe (Gruenwald, 1947) and 
in some the lesion is incidental to other unre- 
lated diseases. There is great danger, however, 
of bacterial endocarditis. 

This inflammatory process may originate on the 
nm of fibrous tissue (Gruenwald, 1947), presum- 
ably at the zone of greatest mechanical stress, or 
on the aortic valve (Wiglesu’orth, 1937; Mason 
and Hunter, 1942). In the patient of Walsh 
and associates, the bacterial endocarditis probably 
originated on the deformed aortic valve and in- 
volved die subaortic shelf and the mitral vah’C 
secondarily. In the second case of Morrison and 
Edwards (1950), bacterial endocarditis involved 
the aortic valve and the subaortic shelf of fibrous 
tissue (Figure VI-77). Though a decision could 
not be reached as to the site of origin of the infec- 
tion, the infl.immation was probably primary on 
the aortic valve. Dormaniis’ (1939) patient, a 
boy of 16, died suddenly. 



Figure VI-77. Subacute bacterial endocarditis in- 
volving the aortic valve and (he subaortic shelf in 
subaortic stenosis. From a man aged 25 years. 
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TRICUSPID ATRESIA 


Pathologic Anatomy 

I N TBicuspiD ATBESiA tltc heart functions as 
a two-chambered heart (Taussig, 1936; 
Blount ef al, 1951; Chiche, 1952; Astley cf al., 
1953; Brotvn et al, 1956). Although differ- 
ences may exist from case to case, these hearts 
have the following anatomic features in com- 
mon: ( 1 ) atresia of the tricuspid orifice ( Fig* 
ure VI-78), (2) patency oE the atrial septum, 
and (3) a large mitral orifice leading into a 
large ventricular chamber. 

No tricuspid orifice is present and usually 
no tissue is recognizable as that of the tri- 
cuspid valve. A depression or some localized 
fibrous thickening of the floor of the right 
atrium may be present at the expected loca- 
tion of the tricuspid orifice. In most cases, 
patency of the atrial septum is represented 
by retention of the fetal type of foramen ovale. 

An adequate channel leads from tlie right 
atrium into the left. As in the normal fetus, 
tile valve of the foramen ovale is usually 
fully developed, but this is held away from 
the atrial septum by the column of blood 
which flows from the right atrium into the 
left. In cases of tricuspid atresia, this chan- 
nel is usually the only outlet for blood enter- 
ing the right atrium through the venae ca^'ae 
and the coronary’ sinus. Less common!)’, the 
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inferior part of the atrial septum is described 
as defective, and the region of the foramen 
ovale shows a normal postnatal condition. At 
times, the atrial septum is represented only 
by a rudimentary membrane which, because 
of its small size, is ineffective in partitioning 
the livo atrial cavities. Tliere is tlien, in effect, 
a single atrium. In the reported instances of 
tricuspid atresia, defects of the atrial septum, 
other than patency of the foramen ovale, are 
the exception rather than the rule. 



Figure VT-78. Right atrium in tricuspid 
atresia. At the expected loc.ifion of the 
tricuspid \ahc, there is neither orifice 
nor valnilar tissue. Probe lies in patent 
foramen ovale. 
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Commonly the right atrial chamber is wider 
than ncMinal and its wall is thicker. Since all 
the incoming blood, both peripheral and pul- 
monary, ultimately collects in the left atrium, 
the latter chamber is usually wider than nor- 
mal. Similarly, since all of the incoming blood 
must pass through the mitral orifice to enter 
the ventricular part of the heart, the mitral 
orifice is wider than one would find in a nor- 
mal heart of a person of comparable age. 
Though its orifice is wider than normal, the 
mitral valve is normally formed and its leaf- 
lets are sufficiently developed to guard the 
left atrioventricular orifice adequately. In all 
cases of tricuspid atresia the mitral orifice 
leads into a large ventricular chamber from 
which all the blood circulating through the 
heart must pass on its way to the great arterial 
trunks. 

The relation of the great vessels to each 
otlier and to tlie ventricular part of the heart 
varies in cases of tricuspid atresia. Tlic va- 
rieties of interarterial relationships and ar- 


iCTiovenlricular relationships constitute five 
groups, which form the basis for the anatomic 
classification of congenital tricuspid atresia 
presented in Table VI-2. This is a modifica- 
tion of tlie classification presented in 1949 by 
Edwards and Burcheii who elaborated on the 
classification of Kuhne (1906). 

TABLE VI-2 

Congenital Tricuspid Atresia, Anatomic CJassification 
(Figures VI-79 to VI-84) 

Type I. No transposition of great \-essels 

a Pulmonary atresia. Closetl ventncular 
septum 

b. Subpulmonary stenosis 

c. No pulmonary or subpulmonary stenosis 
Type If. Transposition of great vessels 

a. Pulmonary or subpulmonary stenosis 
b No pulmonary or subpulmonary stenosis 

TYPE Ia. ko transposition of great \tssels. 
PULMONARY atresia. CLOSED N’ENTRICULAR 
SEPTUM 

In this type of tricuspid atresia (Figure VI- 
79(?), the left ventricle has a large capacity, its 



Figure VI-80. Tricuspid .itrcsia. Type ll>, in a female infant 3*4 months old. a. The aort.i is in 
free comnninicalion with the left %entnclc. Tlie proire lies In a narrow muvcul.ir tract leading from 
the left ventncle upward into a lj)iwpL-ist>c rislit sentnciilar cJiamJjer (see h.) (rnun Eilwards, 
J. E.: Postgrad. Med., 3.327-341, 1948. Reproduced by permisMon of Postgraduate Mitlidne ) 
h. The upper end of the probe sliown In a lies in the hypoplaNtie right-sided \cntncular cham- 
I>or. Tile pulmonary orifice is in communication willi tlic ccphihc end of this clwmlicr. Tfie 
pulmim.iry s al\ e is bicuspid. There K no transposition of the great vessels. (From Edss.irds 
J. E., Dry, T. J , and Logan, G. D.: Bull. Internat. A M. Museums, 2S. 3-1-42. 19 tS. Repro- 
tliicctl by permission of (he Bullclton of the /nlcrnationaf Association of Medical .Museums. ) 
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Figure Tricuspid atresia, T>'pe Ic, from a female infant 3% >’ears old. a. External 

\nc\v of heart and lungs. Tlie great vessels are normally interrelated and there is no pul- 
monary stenosis. Focal pulmonary hemonhage. b Interior of common ventricle. Tlie 
pulmonary trunk (FT ) has been opened Tlie probe hes in tlie aorta. Specimen from 
case illustrated m Figure VI-7S. 


wall is thick, the v'cntncular septum ts completely 
formed. The two ventricles are greatly dispropor- 
tionate in size. The right ventride is minute and 
lies virtually hidden m the superior portion of 
the right wall of the large left ventncle, its small 
size is explained by its failure to play any role 
in the circulation. It is merely an isolated endo- 
cardium-lined chamber, since both the tricuspid 
and the pulmonary valv'e orifices are atretic. Its 
very tliin wall contrasts wnlh the condition of the 
right ventricle in pulmonary atresia wnth intact 
ventricular septum and patenc>’ of the tricuspid 
orifice. The pulmonary atresia usually occurs at 
v'alve level, the pulmonary trunk superior to the 
valve lev’el being h>'poplastic but patent. The 
aorta and the pulmonary trunk are not transposed 
but are correctly interrelated. The ductus arteri- 
osus is usually patent and constitutes the major 
cliannel by which the lungs receive blood (Elster. 
1950). 

TYPE 1b. no TnAVsrosmov or great vessels. 

SUBPULSIO.VARY STENOSIS 

This is the most common t}pe of tricuspid atre- 
sia (Figures VI-79h and VI-80). The great vessek 
are correctly interrelated. The aorta is of normal 
caliber or wider than normal. The pulmonary 
trunk IS somewhat narrower than nonnal but usu- 
ally is of adequate caliber to cany a sufficient 
amount of blood to Uie lungs, were there no 
subpiilmonaiy stenosis. In almost one half of 
the cases the pulmonarj’ valve is bicuspid. Usu- 


ally this does not cause any pulmonary stenosis, 
but at times tlie configuration of the bicuspid 
valve is responsible for pulmonary stenosis 
(Crocker, 3879). Examination of the ventricular 
part of the heart reveals a brge ventricular cham- 
ber into which blood flows through the mitral 
orifice. The large ventricular chamber communi- 
cates freely with the aorta (Figure VI-80<i). In 
addition the large chamber communicates by 
means of a narrow tract, often described as being 
entirely muscular-walled, with a smaller narrow 
ventricular chamber (Figure VI-80b). The latter 
lies obliquely along the right superior aspect of 
the ventricular mass. In an occasional case, 2 
opemngs are present betw’een the 2 chambers 
(Bellet and Stewart, 1933; Gra>' 2 el and Tennant, 
1934). The superior e.xtremity of the small ven- 
tricular chamber communicates with the pulmo- 
naiy orifice. The tract connecting the 2 ventricular 
chambers is usually narrow and constitutes the 
major barrier to the flow of blood from the larger 
ventricular chamber to the lungs. In addition, the 
diminutive size of the smaller ventricular cham- 
ber may constitute another cause of subpulmonary 
stenosis in this t>pe of tricuspid atresia. At the 
time of death the ductus arteriosus is usually 
closed. 

TYPE Ic. .NO TRANSrOSmOV. NO PULMOVARV 
on SUnPUL.MONARY 
STENOSIS 

This t>pe of tricuspid atresia is rare (Drinfon 
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and Campbell, 1953 ) . The author has obsm’ed a 
case in a young female infant. The tjpe is diar- 
acterized by normal relationship between the 
great vessels and absence of pulmonary oi sub- 
pulmonary stenosis (Figure VI-Sl). 

TYPE IIa. transposition OF GREAT \’ESSELS. 

PULMONARY OR SUBPULMONARY 
STENOSIS 

Transposition of the great vessels is present 
(See Rogers et oh, 1950; Kroop, 1951). A small 
or diminutive ventricular chamber lies along the 
right side of the larger chamber and appears as a 
diverticulum thereof (Figures VI-79c and VI-82 
to VI'84). There is some question whether there 
are two ventricles or a single one, from an ana- 
tomic viewpoint. Functionally, there is but a sin- 
gle ventricle. The pulmonary trunk arises dorsal 
to, and usually to the left of, the aorta. The hvo 
vessels ascend vertically parallel to each other. The 
pulmonary trunk arises from the large ventricular 
chamber, and its ostium is closely approximated 
to the anterior leaflet of the mitral valve which 
lies to the left of the subpulmonary region- A 
stenotic muscular tract which leads from the ven- 
tricle to the pulmonary trunk is the usual site of 
pulmonary stenosis in this type. Rarely the ste- 
nosis IS at the pulmonary valve or in the pulmo- 
nary trunk (Lev and Saphir, 1937; Nfanhoff and 
Howe, 1945), In the author’s case the subpul- 
monary tract was atretic. 

TYPE IIB. TRANSPOSITION OF GREAT VF.SSELS. 

.VO PVLMONARV C7« SCfBFCLMOVAfii' 
STENOSIS 

The malformation of this type (Figures VI-70rf 
and VI-85) is identical with Type IIa in all re- 
spects, except for the state of the pulmonary cir- 
culation (see Robinson and Hoivard, 1048; Ross, 
1932). In Type lib the pulmonary trunk arises 
dorsal to the aorta as in Type IIa, but there is no 
pulmonary or subpulmonary stenosis. 

Incidence 

Tricuspid atresia is uncommon. In 6 of 
357 specimens in the collection of the Mayo 
Clinic, Fontana (1958) found tricuspid 
atresia. In 1952 Chiclie found 70 cases re- 
ported in the literature. According to the 
classification given above, tlie distribution of 
cases was as follows: T>T?e la, 6 cases; Type 
Ib, 45; Type IIa, 10, and Tj’pe lib, 9 cases. 
No cases of malformation of Tj’pe Ic were 
reported. 



Figure Tnctcitiid atresia, Type lla, in a boy 

12 years old. (From Edwards and Bnrchcll, 1919. 
Reproduced by permission of the W. B. S.uindcrs 
Company.) a. TJie imopcnetl licart .nnd the opened 
aorta. The aorta arises in an anterior tranviioscd posi- 
tion. Tlie pulmonarj' tnink lies behind the aorta and 
is hidden in a shadow. The ligamcntuin arteriosum 
extends from the left pulmonary artery to the aorta. 
b. TJie left ventricular clianibcr has been opened. The 
lower laiTt® probe bci in the mitral onfice. The upper 
large probe hes in the diminutive right-sided ventric- 
ular chamber. The small probe lies in the stenotic 
Subpulmonary onfice, wliich is bordered by the crista 
supraventricularis (C.S.) on the nght and the an- 
terior leaflet of the mitral valve (A/.) on the left. Tlie 
transposed aorta is in free comnninicaCion with both 
ventnciilar chambers. In spite of the appearance of 
two ventricular chambers, the free communication 
between the two cavities produces, in effect, a single 
ventricle. 
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Figure ^'I-83 Tncuspxd atresia, Tjpe Ila (Other 
illustrations of this case appear in Figures M-82 
and VI -84. ) Close-up viesv of tlie outfow region of 
the \entncu1ar part of tlis heart L>'ing behind tlie 
opened onfice of die transpose<l aorta is the ste- 
notic ventricular opening of the subpulmonary 
tract (tip of arrow). Tlie tract is iiounded by the 
crista supraventncuhiris (CS ] on the tight and 
the anterior leaflet of the mitral valve (M.) on the 
left. (From Edw.'irds and Dtirchell, 1^9 Repro- 
duced by permission of the D Saunders Com- 
pan>.) 

Associated Conrfffions 

Usually no significant malformations are 
associated with tricuspid atresia. Although 
anomalies of the aortic arch are common in 
some malformations, they are relatively un- 
common in tricuspid atresia. A double aortic 
arch was described in the case of Van der 
Henst and associates (1953) in which the 
malformation was of Type Ila. In a clinical 
case without pulmonary stenosis, Aslley and 
associates (1953) described a right aortic 
arch. In Case 2 of Huebschmann (1921), the 
ductus arteriosus ran between the right pul- 
monary’ artery’ and the innominate artery’. 

Juxtaposition of the Auricular Appendages 
was present in the case of Rogers and asso- 


ciates (1950; Figure VI-S4) and in 2 other 
cases of the Mayo Clinic collection. In 2, 
the malformation was of Type Ha and in the 
third. Type Ilb. Enlargement of bronchial 
arteries occurs if the pulmonary’ blood flow is 
obstructed. 

Functional and Clinical Features 

The heart functions as though it were a two- 
chambered heart. In fact, it is likely that greater 
mixing of blood occurs in cases of tricuspid atre- 
sia than when a common atrioventricular valve 
exists, as in the true anatomic two-chambered 
heart. The crucial point in the functional behavior 
IS the proportion of ventricular blood that is dis- 
tributed to the lungs as compared to the systemic 
arculatjon. Tliis in turn depends on whether pul- 
monary stenosis exists. (See discussion of Single 
Ventricle, page 337.) In general, patients w'ilh 
tncuspid atresia associated with pulmonary ste- 
nosis exhibit cyanosis and oUier manifestations 
that accompany cyanosis. In patients who do not 
have pulmonary stenosis, the major problems are 
those of pulmonary recirculation, IVlien the inter- 
atrial communication is small, the right atrial and 
systemic venous pressure may be elevated and 
the veins may pulsate. 

Roeiitgenographically, the shape of the left 
border of the heart in the frontal projection is the 
most important differential feature (Astley et al, 
1933). Concavity of the pulmon.'iry segment, 
prominence in the upper part of the left lower 
segment and a vertical border below tlus, give the 
heart a characteristic square shape. Angiocardh 
ography reveals the abnormal pathway of blood 
across the atrial septum and simultaneous filling 
of the great aiteries. The dye-dilution cun-es 
recorded in a peripheral artery are similar whether 
the dye is injected into the left atrium or into the 
left ventricle. The right ventricle cannot be en- 
tered from the right atrium. The electrocardio- 
gram is helpful in most cases and classically shows 
left axis deviation (RiW et at, 1929); in some 
cases, however, no axis deviation is identified 
(Gasul et al., 1930, Kroop and Grishm.'in, 1930; 
Sommers and Johnson, 1931). In 1 case the elec- 
trocardiogram showed complete heart block 
(Dickson and Jones, 1948). 

Prognosis 

Patients vv’ilh Ty’pe la rarely’, if ev’er, sur- 
vive infancy. Among the 28 cases of Ty’pe lb 
vvhidh were reviewed, the longest survival was 
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4 years, the shortest, 10 hours; and the mean 
age at death, slightly more than 7 months. 

Patients with Type Ila have the longest 
survival. In this group belongs tlje frequently 
quoted case of Hedinger (1915) of a woman 
who died at the age of 56 years after leading 
an active life. The patient of Rogers and as- 
sociates (1950) died at the age of 12 years. 
Patients with tricuspid atresia of Type Ic or 
lib usually die in early infancy. 

Developmental Basis 

Three different phenomena have been cited 
to explain the occurrence of tricuspid atresia: 
(1) abnormality of atrial septum, (2) abnor- 
mality of ventricular septum, and (3) fetal 
endocarditis. 

The view of Monckeberg was that tricuspid 
atresia is caused by maldirection of growth of 
the atna! septum. This hypothesis has been 
logically attacked by Scriba (1937) who pointed 
out that, in most of the cases of tricuspid atresia, 
evidence of abnormal direction of growth of the 
atrial septum is either absent or not proved. Scriba 
pointed out examples of misplacement of the atrial 
septum without atresia of either of the atrioven- 
tricular ostia. Furthermore, in certain cases of 
tncuspid atresia the atrial septum is incompletely 
formed, its lower margin hanging unaltaclied. It 
seems reasonable to assume that, at least in some 
cases, Monckeberg’s explanation is not tenable. 

Instances of atresia of the tncuspid orifice, in 
which 2 ventricles are present, constantly show a 
large left ventricle and a small right ventricle so 
that the ventricular septum is eccentric. The su- 
perior portion of the septum often lies close to 
the expected position of the tricuspid orifice, so 
that the question may be raised whether the ec- 
centric ventricular septum is responsible for the 
closure of the tricuspid orifice. It should be 
emphasized that the position of the ventricular 
portion of the heart is logically the result of the 
abnormal circulatory conditions produced by the 
tricuspid atresia, rather than the cause of that 
anomaly. Further evidence against the view that 
tricuspid atresia is caused by an eccentric ven- 


tricular septum is supplied by cases of isolated 
puhnonary atresia, in which the left ventricle is 
large, the right ventricle is small, and the ven- 
tricular septum is eccentric. In these cases, tri- 
cuspid atresia need not be associated. Farber and 
Hubbard (1933) have furnished evidence to sup- 
port the thesis that certain instances of valvtilar 
stenosis and atresia are the result of fetal endocar- 
ditis. They believe that anomalies which result 
from such inflammation occur in rather late stages 
of cardiac development. On this basis, it is con- 
ceivable that tricuspid atresia, Type la, might 
result from an inflammatory process, but such an 
explanation would seem inappropriate for other 
types of this malformation. 



Figure VI-84. Tricuspid atresia, Tyi>e Ila. (Other 
illustrations of this case appear in Figures VI-82 .IikI 
VI.83.) The stenotic subpulmonary tract has been 
opened. Tlie tract is bounded on the right by tlie 
crista supravcntriculans (C.S.) and on the left hy the 
anterior leaflet of the mitral valve (Af.). P.V. indi- 
cates one leaflet of a bicuspid pulmonary valve, P.T., 
pulmonary trunk. The right auricular appendage 
(ft A.) is in an abnormal position, lying to (he left 
of the pulmonary tnink. A similar abnormal pOiition 
of tlie right auricular appendage u’as <lescnb«l in 
the second case of Huebschmann (1921). (From 
Edwards and Burchell, 1949. Reproduced by per- 
mission of the W. B. Saunders Company.) 


EBSTEIN’S MALFORMATION OF THE TRICUSPID VALVE 

Pathologic Analomtj acteristic appearance. Tlie right ventricular 

Externally the heart in Ebstein’s malfoima- <*amber is unusually large and may bulge 
lion of the tricuspid \‘alve usually has a diar- perceptively above tlie rest of the cardiac sur- 
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Figure VI-85. Tricuspid fttrcsia. Type Hb. a. Common ventricle and 
pulmonary trunk. The transposed pulmonary valve is continuous with 
the underlying antenor leaflet of the mitral \a!\c. Beneatli the pul- 
monary saKe and in front of the mitral valve is a tract leading to 
Uie transposed aorta seen in /> b Common ventricle, subaortic tract 
and traasposed aorta. 


face, particularly in the outflow portion of 
the right ventricle. The great vessels are prob- 
ably interrelated, although the pulmonary 
trunk often appears narrower than the aorta. 
Tlie essential disturbance consists in attach- 
ment of only a portion of the tricuspid valvu- 
lar tissue proximally to the annulus fibrosus, 
while the remainder of the tricuspid valvular 
tissue attaches below this level (Figure VI- 
86). The functioning valvular tissue is usu- 
ally composed only of the anterior leaflet and 
at times a portion of the posterior leaflet, the 
septal leaflet and varying amounts of the pos- 
terior leaflet, in effect, being nonfunctional. 
The basal attachment of the malformed ele- 
ments is considerably below the annulus fi* 
brosus, and the sites of their distal attach- 
ments vary frequently. They may be adherent 
entirely, or attached by anomalous multiple 
chordae, to the apical portion of the right 
ventricle. The large anterior leaflet is poten- 
tially functional. Because of the downward 
displacement of elements of the tricuspid 
valvular tissue, a considerable portion of the 
right ventricular chamber is anatomically con- 
tinuous with the right atrium. Thus, in this 
condition the receiving chamber is large, 
wliile the propelling portion of the right ven- 
tricle, that part lying beyond the attachments 
of the tricuspid valve, is correspondin^y 
small. The propelling portion of the right ven- 


tricle Is composed of the outflow tract and 
var)'ing amounts of the inflow portion. At 
times, the right ventricular chamber has a 
recess beyond the apical attachment of the 
anomalous valvular tissue. A patent foramen 
ovale is often present, but occasionally the 
atrial septum is intact. The remaining valves 
are normally developed. 

Occasionally, the basal portions of the septal 
and posterior leaflets are attached to the right 
ventncular wall at a short distance below the an- 
nulus fibrosus while the remainder of the attach- 
ments of the valve, including those of the chordae, 
are normal. Such partial forms of Ebstein's mal- 
formation may cause incompetence of the tri- 
cuspid valve. Sometimes a malformation resem- 
bling Ebstein’s malformation of the tricuspid valve 
is seen in mirrored image in the left atrioven- 
tricular valve, as in corrected transposition of the 
great vessels (page 363; Edwards, 1954; Becu 
et al., 1955), 

In fully developed forms of Ebstein’s malforma- 
tion, the right ventricular muscle commonly is 
atrophic and the chamber correspondingly dilated. 
The atrophy may be both proximal and distal to 
the tricuspid valve, although usually it is most 
affected distal to the valve. The atrophy is re- 
garded as probably secondary to the functional 
disturbances caused by the anomalous valve. In 
the heart of a newborn which the author ob- 
serx’ed, no atrophy was apparent. A ventriCTiIar 
septal defect is rare (Kilby et al., 1956). 
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Ebstein’s malformation is uncommon. The col- 
lection of more than 550 pathologic specimens of 
malformations of the heart and great vessels, from 
persons of all ages in the Mayo Clinic, contains 5 
examples of the classic variety of Ebstein’s mal- 
formation. In 3 additional specimens, Ebstein’s 
type of malformation was present in the left atrio- 
ventricular valve in association with corrected 
transposition of the great vessels. Minor forms of 
Ebstein’s malformation also existed in 2 additional 
specimens in which the base of the septal leaflet 
and a portion of the adjacent posterior leaflet were 
attached slightly below the annulus fibrosus, and 
the remainder of the valvular attachment was es- 
sentially normal. In reviews of the literature, 
Kilby and associates (1956) and Jedlicka and 
Schwartz (1957) found 71 and 72 cases, respec- 
tively, including their own material. 

Functional and Clinical Features 
The essential features (Engle et al., 1950; 


Blacket et al., 1952; Lenegre et al., 1955; Brown 
et al., 1956; Kilby ef al., 1956; Jedlicka and 
Schwartz, 1957) appear to be inefficient function 
of the right ventricle and, when an interatrial 
communication is present, a right-to-Ieft shunt at 
the atrial level (Brown et al., 1956). The pulmo- 
nary pressure is normal, and the histologic appear- 
ance of the pulmonary vessels is normal (Brown 
et al., 1956). The function of the tricuspid valve 
varies. While its caliber is reduced compared to 
that of a normal tricuspid valve, there usually is 
no differential in pressure across this valve to 
indicate stenosis. Some patients show suggestive 
signs of tricuspid insufficiency, but usually the 
valve is competent. During diastole the large 
functioning leaflet may possibly obstruct that por- 
tion of the right ventricle which lies as a recess 
beyond the anomalously adherent valvular tissue 
(Kilby et al., 1956). During ventricular systole, 
when the recess becomes filled, blood would be 
prevented from entering the pulmonary trunk. 
Engle and associates suggested that the chamber 
of the functioning nght ventricle is so small that 



Figure VI-S6- Ebstein’s malformation of tricuspid valve, a. Right atriinn and lentricie from aboi'c. The 
septal and posterior leaflets of the tricuspid valve are anomalously attached to tlie apical portion of the right 
ventricle. The anterior tricuspid leaflet, a portion of which is shown (A.), is normally attaclicd. The triaispid 
orifice (T.O.) is reduced in size by die .'inomalous attachment of die v.ihe leaflets, b. Right ventricle and 
pulmonary trunk, Tlie tricuspid valve is unopened, the anterior leaflet and a portion of the posterior leaflet 
of the tricuspid valve fonn a large curtain (A.L.T.V.). Tlie arrow indicates that during ventricular diastole 
the curtain moves foivard the riglit ventricular wall. During ventricular sj-sfole this leaflet flaps up toward 
the orifleo of the common receiving chamber. The changing position of the large functioning leaflet is re- 
sponsible for dissipation of right ventricular energy. P.A. indicates pulmonary arteiyj S.L.T.V., septal leaflet 
of tricuspid valve; T.O., tricuspid orifice il.VJ?., right venlriculir recess; L.V., left ventriole. (Reproduced 
from Kilby et al., 1956. With permission of .Medicine.) 
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Figure \l-87 Left atnum in mtbral alre-Ma. No xaUular t>»SHe is present, a. From a male 
infant 21 months of age The interatnal coinmumcation (point of arrow ) i$ bny, Thebesian 
veins are enlarged b. From a girl 14 years old. The mtcratnal communication (point of 
arrow ) is narrow btil wider dian in a. 


improper ftUing of the right ventricle map be a 
cause of cardiac dysfunction. Since an interatrial 
communication is common in this condition, a 
righWo-left shunt is frequent, and varying de- 
grees of desaturation of the systemic arterial blood 
result. In some instances this is sufRcient to cause 
cyanosis. 

A variety of murmurs, or no murmurs, may be 
heard. The most characteristic sign is a third heart 
sound (Medd et al., 1954, Brown et at., 1936. 
Kilby et ah, 1956). The electrocardiographic ab- 
normality IS usually called right bundle-branch 
block but may actually represent late activation of 
the supravalvular or atrialized portion of the right 
ventricle (Kilby’ et al.). In a case with conduc- 
tion defects of the Wolff-Parkinson-White type. 
Lev and assodates (1955) found anomalous mus- 
cular pathway's between the atrial and ventricular 
portions of the myocardium. In other instances 
when such anomalous pathways were identified, 
the ^^’olff-Pa^kinso^-\VhIte syndrome was not en- 
countered (Edwards, 1953). Cardiac arrhythmias 
are frequent, and include paroxysmal supraven- 
tricular tachycardia, premature atrial and v’en- 
tricular extrasystoles, atrial flutter, and atrial fibril- 
lation. 

Roentgenonraphically, the postero-anterior view 
shows an enlarged, usually globiibr heart with a 
vascular pedicle of normal size. Angiocardio- 
graphic study often shows evidence of a right-to- 
Jeft shunt at atrial levels, delayed emptying of the 


right side of the heart, and poor visuabzation of 
the pulmonary vascular tree. Studies by cardiac 
catheteriz.ition are of significance when the 
change from right atrial to right ventricular pres- 
sure occurs al a considerably lower level than one 
would anticipate in the normally formed licart. 

Following the prediction of Engle and asso- 
ciates (1950), many eases of Ebstein's malforma- 
tion liave been diagnosed clinically (Beynolds, 
1950, Soloff et al., 1951; Van Lingen et al., 1932; 
Broadbent et al., 1933; Henderson ef al., 1953; 
Bayer ct al., 1954; CJptzsche and Falbolt, 1934; 
Kervvin, 1935; Brown et al., 1936). 

Differential Diagnosis 

Among patients with cyanosis, the more com- 
mon varieties of cyanotic congenital heart disease 
must be considered, including pulmonary stenosis 
with intact ventricular septum and atrial com- 
munication. 'Tlie findings on cardiac catheteriza- 
tion are diagnostic, and angiocardiographic fea- 
tures are helpful. In tlie presence of cyanosis, 
the absence of pulmonary hypertension is sugges- 
tive of Ebstein's malfonnation. 

Complications and Prognoafs 

The variety of complications that may develop 
include sudden une-xplained death, congestive 
heart failure, cerebral abst'ess without bacterial 
endocarditis, and paradoxic embolism in the sys- 
temic circulation (Kilby et al., 1956). Some pa- 
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tients with Ebsteiu’s malformation die in infanc)' ciates was 22 years, the oldest patient being 61. 
but most survive to adult life. The average age at Adams and Hudson (1956) repoited survival of 
death in the cases reviewed by Kilby and asso- a patient to tbe age of 79 years. 

TRICUSPID STENOSIS; TRICUSPID INSUFFICIENCY 


Congenital tricuspid stenosis is rare, being 
less common than tricuspid atresia (Herx- 
heimer, 1910). 

Peacock (1853) described an instance in a 
female infant, aged 2 months, who had had dysp- 
nea and cyanosis. The tricuspid valve showed a 
diaphragm-like fusion of the leaflets which was 
thought to be congenital rather than acquired 
In addition, the ventricular septum had two de- 
fects. Lewis (1945) described a case of congeni- 
tal tricuspid stenosis m a 3-day-old female infant 
The tricuspid leaflets showed focal thickenings, 
which on microscopic examination were composed 
of collections of cellular connective tissue The 
mitral valve was grossly normaf but showed essen- 


tially the same microscopic picture as the stenotic 
tricuspid valve Lewis concluded that the basis 
of the tricuspid stenosis was developmental rather 
than inflammatory. 

Congenital tricuspid insufficiency also is 
rare. 

In 1956 Barntt and Urich described this mal- 
formation m a man of 28 who died from conges- 
tive heart failure, and reviewed 6 other cases in 
the literature. The essential developmental dis- 
turbance may be adherence of the posterior and 
septal leaflets of the tricuspid valve to the right 
ventricular wall, somewhat m the manner of 
unusual attachments seen in Ebstein’s malforma- 
tion. 


MITRAL ATRESIA 

Congenital mitral atresia is a rare malfor- during early infancy (Brockman, 1950, Large, 
mation usually causing death of the patient 1950). Mitral atresia may be the only basic 



Figure VI-88, a. Intracardiac circulation in mitral atresia in a male infant 4 months old. A patent 
foramen ovale is the outlet for the left atnum. There is a ventricular septal defect. The trans- 
posed aorta arises from a small left ventricular chamber. (From Eduards, J. E.: Postcrad. Afcd., 
3;327-34l, 1948. Reproduced by permission of Pottgraduate Medicine.) b. Mitral atresia in a fe- 
male infant 21 days old. In contrast to the usual situation in this malformation as shown in o, 
the foramen ovale is closed. An anomalous vwn (Icvoatriocardinal vein) runs between tlie left 
atrium and the left innominate vein. In this way, left atrial blood flows toward the right atrium. 
The great vessels are not transposed. Tl»e two ventricles TOmmunicate by means of defects 
in Uie muscular part of the ventnciilar septum. (From Edwards and DuShane, 1950. Reproduced 
by permission of Archiers of Pathology.) 
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Figure VI -89. Mitral atresia with transposition of the 
great %esse\s m a male infant 3 months old a Ven- 
tral view of extenor of the heart, great xesscis and 
portions of tlie lungs The Lgamentum arlenosum 
extends m a normal way from tlie left pulmonary ar- 
tery to the aorta. The great xcsseb are transposed, 
the aorta ansing ventral to and slightly to the right 
of the pulmonary trunk. The left auncular appendage 
lies beside tlie pulmonary trunk. In tins case, there 
was a common ventricle. The descemhng aorta has 
been deflected in front of the left lung b Roentgeno- 
gram of the thorax in the case of nutral atresia illus- 
trated in a. Tlie right atnal shadow is mde. The 
prominent shadow at the left side of the base of the 
heart is probably caused by the left atrium. 

malformation in a given case or may be as- 
sociated with atresia of the aortic orifice (see 
page 400). 

Pathologic Anatomt/ 

The mitral orifice usually is represented by a 
blind depression when viewed from the left atrial 


aspect, and no elements of valvular tissue are 
identifiable (Figure VI-87). In a case seen by 
the author, the mitral cusps were fused to form 
an atretic fibrous pouch. The left atrium often is 
smaller than normal, as in Wenner’s case (1909). 
The chief outlet for blood coming into tlie left 
atrium from the pulmouar)’ veins is a patent fora- 
men ovale (Figures VI'87h and VI-88a). At 
times, the thebesian veins in the atrial septum are 
wider tlun normal and may carry some blood 
from the left atrium into the right. This route, 
however, must be of minor importance. The ap- 
pearance of the patent foramen ovale is usually 
quite cliaracteristie. Tlie vaK'c of the foramen 
ox-ale seems to be normally formed so that it 
would normally prevent left atrial blood from 
flowing into the right atrium. Probably as a con- 
sequence of the great pressure nhfch is built up 
within the left atrium, the valve of the foramen 
ovale is forced tlxrongU the foramen ovale into 
the right atrium, thus creating a peculiar t>'pe of 
patency. 

In the patient of McIntosh (1026), the fora- 
men ovale w’as prematurely dosed, thus prevent- 
ing the flow of blood across the atrial septum. An 
anomalous vein ran between tlie left atrium and 
the superior vena cova, thereby allowing an in- 
direct communication betw een Uic left atrium and 
the right. In a case of this type encountered by 
Edwards and DuShane (lOoQ), the anomalous 
vein ran from the left innominate vein to the left 
atrium (Figure VI-8Sb). In all cases of mitral 
atresia, the blood returning to the heart from the 
lungs ultimately reaches tlie right atrium. At tlie 
same time, the right atrial chamber receives, in a 
normal manner, blood from the venae cavae and 
the coronary sinus; thus, the right atrial chamber 
is usually greatly dilated and its wall hypertro- 
phied. The tricuspid orifice represents the only 
communication between the atrial part of the 
heart and the ventricles. 

The structure of the ventricular part of the 
heart x'anes in cases of mitral atresia. The most 
common foirn is that with but one ventricle 
(McIntosh, 1026; Senba, 1937; Walls, 1941; 
Bergman and Morales, 1948). Other cases have 
bad one or sev’eral ventricular septal defects (Ed- 
wards and Rogers, 1947) . V'hen a single ventricle 
is present, the great vessels are usually transposed 
(Figures lT-89 and ^T-90a), but rarely, no trans- 
position exists {Figure \T-90b). Lam and co- 
workers (1953) reported mitral atresia associated 
with ventricular septal defect and pulmonary 
atresia. In 2 similar cases seen by the author, I 
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had in addition an anomalous connection of the 
right pulmonary veins, while the other had atresia 
of the larynx. 

The course and relations of the great arteries 
leading from the heart vary. If a common ven- 
tricle is present, the great vessels are tistially 
transposed. The patient of Bergman and Morales 
(1948), an infant months old, had a common 
ventricle but the great vessels were not trans- 
posed. In the case of Ciee (1956), persistent 
truncus arteriosus was associated. 

Incidence and Sex Distribution 
In an extensive review of the literature, Broclc- 
man (1950) found 48 cases of mitral atresia The 
collection of the Mayo Clinic of more than 550 
hearts ivilh congenital anomalies has 13 examples 
of mitral atresia. The incidence of male to female 
patients is about 3:2 (Brockman, 1950). 

Functional and Clinical Features 
Functionally, mitral atresia creates in essence a 
tNvo-chambered heart. Since the pulmonary trunk 


is usually of normal width, it might be expected 
that the adequate arterial channel to the lungs 
would prevent cyanosis. Cyanosis may, however, 
be present, and may be explained on the basis of 
pulmonary stenosis with impaired venous return 
from the lungs. It seems reasonable to assume 
that enlargement of an opening in the atrial sep- 
tum, or the creation of an opening in the atrial 
septum if none exists, would relieve the barrier to 
venous flow from the lungs, and so remove the 
basis for cyanosis. 

Prognosis 

In his review of the literature, Biockman 
(1950) found that 65 per cent of the patients 
with mitral atresia were dead by 1 month of age. 
Of 41 cases reviewed, only 2 patients ln'ed more 
than 10 years. The author has observed 2 patients 
who lived unusually long, one 14 years, and the 
other 15 years. 

Developmental Basis 

The developmental basis for mitral atresia is 



Figure VI-90. Vcntriciikir portions of heart and great \essols in 2 cases of mitr.il 
atresia. <i. The Muilnciil.ir portion of the heart K a common \cnlricle. Tlic great 
\esseK arc transposctl, the .lorta (A.) lying anterior to the pulinonar>’ trunk (P.). No 
pulmonary or subpulmonary stenosis csists. From a male infant 21 months old whose 
left atrium was illustr.itcd in Figure VI-87a. h. Itolh tlie aort.i and the pulmonary 
tnmk anse from a common scntriclc. Great \cssp|s are torrcclly interrelated. Tlie 
origin of the pulmonary tnmk (P.) is sliown in this perspettive. Tlic aortic arch is 
h>T>oplaslic and a patent ductus arteriosus (D.) communicates with the descrnding 
aorta (D.A.). (Specimen contnbutrd 1>y Dr. Ralph Kniseley.) 
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Figure ^^-91 Mitral stenosis a From a child 4 days old who also had a ventricular 
septal defect, tubular li)-perplasia of the aortic arch and bicuspid aorhc valve. Tlie 
mitral sahe is viewed from below The vaUmlar tissue is fused to form a funnel-shaped 
structure. Probe in onfice b From a male infant 1 year old. Sagittal section of 
left atrium, left ventricle and aortic valve. The mitral valvular tissue is thickenevl 
and the chordae shortened A jet lesion lies on the ventncular septum opposite the 
mitral onfice The left atniim is dilated No malformation was associate in this 
case 


poorly understood (Brockman, 1950). The hy- are also applicable to mitral atresia (see Tricuspid 
pothescs concerning the origin of tricuspid atresia Atresia, page 381). 

MITRAL STENOSIS 


Fathologtc Anatomy 

Congenital mitral stenosis resembles ste- 
nosis of rheumatic origin. Fibrous thicken- 
ing of the leaflets, commissural fusion, and 
chordal shortening and fusion convert the 
valve into a funnel-shaped structure (Figure 
VI-91). Rarely multiple perforations in one 
membrane represent fusion of both leaflets 
(Swan ct at., 1949). Differentiation from ac- 
quired mitral stenosis may be difficult and 
often is made on the basis of the young age 
of the patient, absence of inflammatory’ stig- 
mata, and association of otlier malformations. 
The left atria! cavity may be enlarged. Tlie 
wall is hypertrophied, and the endocardium 
is greatly thickened. Classically the left ven- 
tricular endocardium is not thickened. Mitral 
stenosis, however, may be part of endocardial 
sclerosis in which, by definition, left ventric- 
ular endocardial thickening is present. Tlie 


pulmonary' muscular arteries and arterioles 
show medial hypertrophy. 

In a review of 34 cases from the literature and 
of 9 from the Children s htemorial Hospital, Mon- 
treal, Ferenez and associates (1954) noted that 
other cardiovascular malformations were com- 
monly associated. Only 8 of the 43 cases re- 
v’ievved had no associated defect. The commonly 
associated malformations of significance are patent 
ductus arteriosus, aortic valvnilar stenosis, and 
coarctation of the aorta. Septal defects arc un- 
common, only 2 cases of ventricular septal defect 
and none of atrial septal defect being encoun- 
tered. 

Incidence 

Congenital mitral stenosis is uncommon; Fer- 
enez and associates (1954) found only 34 
cases in the literature since 1846. Their 9 cases 
were encountered among 210 specimens of car- 
diac malformations in children. Only 2 specimens 
are present in the collection of the Mayo Clinic 
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of more than 550 instances of cardiac malforma- 
tions from patients of all ages. 

Functional and Clinical Features 
The functional derangements are identical to 
those of acquired mitral stenosis (Ferencz et ah, 
1954). Elevation of pressure in the left atrium 
and pulmonary veins and capillaries is character- 
istic. Symptoms may be nonspecific. Common 
findings include failure to gain in weight and 
frequent respiratory infections, the latter prob- 
ably following complicating pulmonary edema. 
Murmurs may be absent, when heard, they are 
not usually characteristic of acquired mitral ste- 
nosis. Electrocardiographically, right ventricular 
hypertrophy is present. Cardiac catheterization 


reveals elevated pulmonary arterial “wedge” 
pressures and angiocardiography shows delayed 
emptying of the left atrium. If a patent ductus 
arteriosus coexists, a right-to-left shunt may occur 
and lead to cyanosis of the lower part of the 
body. 

Differential Diagnosis 

The clinical features may be duplicated (1) by 
other conditions causing obstruction of pulmo- 
nary venuos flow (cor triatriatumj stenosis of 
individual pulmonary veins) and (2) by condi- 
tions causing left ventricular failure, including 
patent ductus arteriosus, endocardial sclerosis, 
aortic coarctation and ventricular septal defect 
(Edwards, 1934). The complexities in the diag- 



Fignre VI-92. .Mitral insufficiency, a and b. From a giri 5 years oid who also had 
ventricular septal defect, a. Unopened mitral vaUe from abo\e. Abo\e the povtcrior 
leaflet of the mitral valve (P.) jet lesions (points of aTTo\\s) lie on the postenor wall 
of tlie left atrium. Accessory commissures in llie posterior Icafiet should he noted. 
(A. indicates anterior leaflet of mitral v’alve.) b. The mitral salve has been opened. 
TJie jet lesions on the left atnal wall are hetween the points of the arrows and above 
an extra commissure in the posterior leaflet, c. Opened mitral \alv e of normal heart for 
comparison with d. d. The posteromedial commissure of the mitral valve shows anom- 
alous insertion of cliordae into the basal portion of the left ventricle rather than into 
the posterior papillary muscle, Tlic valvular hssue is displaced upward on each side 
of the commissure. A s)StoIic mimnor during life was probably the result of mitral 
insufficiency at this site. 
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Figure ^^-93. Double onBce of the tricuspid valve. The chordae 
tendiDcae extend to the margins of an opening in the posterior 
leaflet of tlie tncuspid valve. Papillan' muscles attach to the 
caudal extremities of the cl>ord.ie lendineae. From a man 60 years 
old. 


nosis are compounded by coe.xistence of some of 
the conditions from which mitral stenosis is to be 
distinguished. 

Complications and Prognosis 
The major complications are right venlneular 


failure or pulmonary edema with or without 
secondary pneumonia. The outlook for life is 
poor. Of the 43 patients with this condition re- 
viewed by Ferenez and associates, only 1 lived 
beyond 3 years of age. 


MITRAL INSUFFICIENCY 


Mitral insufficiency in association with con- 
genital cardiac disease is relatively common. 
It may (1) complicate some conditions, (2) 
be part of complex malformations, or (3) ap- 
pear as an independent condition (Edwards, 
1954). As a complication of other conditions, 
it may be observed when tlie left ventricle is 
markedly enlarged as in left-to-right shunt, 
for example, in ventricular septal defect. At 
other times, it may coexist witli ventricular 
septal defect and result from maldevelopmcnt 
of the valve. Tlvis is characterized by anom- 
alous insertion of the chordae from the pos- 
terior leaflet. Isolatc“d collections of cliordae 
insert into commissure-like formations in this 
leaflet (Figure VI-92fl and b). Above tlic ac- 
cessory commissures the posterior wall of flic 
left atrium shows “jet* or “regurgitant* lesions. 
Tliese are anatomic evidence of valvular in- 
competence. Most commonly, when mitral 
insiifficiVncy is p.irt of a complex malforma- 
tion. it is part of a persistent common atrio- 


ventricular canal (page 263). 


In the section dealing with corrected transposi- 
tion of the great vessels (page 361), it was 
pointed out that associated incompetence of the 
left atrioventricular valve is common. The in- 
competence may result either from anomalous 
insertion of chordae or from coexistence of a 
valvular malformation which is the mirrored 
image of Ebstein’s malformation of the tricuspid 
valve in normally disposed hearts. Hearts with 
cnvlocanlial sclerosis (page 417) may show in- 
volvement of the mitral vmIvc which produces 
either stenosis or incompetence. The latter seems 
to result from major shortening of the chordae. 
Occasionally, anomalous insertion of mitral chor- 
dae with mitral insufficiency may l>c present in 
otliervvise normally developed hearts (Figure 
\T-92c and d); in a rare instance, a cleft may 
lie present in the anterior le;iflct of the mitral 
valve, as in persistent common atrioventricular 
canal, and may f>c related to it dcvelopmeiifalfy. 
No septal defects are assoei.iled, hovs’cvcr. 
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DOUBLE ORIFICE OF THE MITRAL OR TRICUSPID VALVE 


In these conditions, if the heart is viewed 
in the conventional manner, the opening is 
usually seen in the anterior leaflet of the 
mitral valve or in the septal leaflet of the 
tricuspid valve. Attached to the margins of 
the defect are chordae tendfneae, and the 
latter in turn attach to papillary muscles (Fig- 
ure VI-93). The extra opening probably has 
competent valvular function, and the condi- 
tion has more interest from a developmental 
than from a pathologic point of view. 

Wimsatt and Lewis (1948) thoroughly dis- 
cussed the subject of double mitral orifice under 
the designation of duplication of the mitral t)olue. 
These authors described a double orifice of the 
mitral valve in a yak calf. In a search of the litera- 
ture, they found 14 cases of the condition in man- 
In 9 of the 14 cases, one of the tu’O mitral ostia 
was smaller than the other and, with 2 exceptions, 
the smaller opening lay ventral to the larger 
opening. In 5 cases the two ostia were approxi- 
mately the same size. Wimsatt and Lewis, how- 
ever, were unable to reach an agreement as to the 
developmental basis for the double mitral orifice 
in the heart of the yak. ^Vlmsatt held that the 
accessory mitral orifice ^vas not an opening in 
one of the mitral leaflets but resulted from bisec- 
tion of the mitral onfice into two distinct orifices 
because of an abnormal fusion between the an- 
lagen of the medial and lateral mitral leaflets. 
He assumed tliat an abnormal bridge of tissue 
had passed across the left atrioventricular orifice 
and that this bridge had joined the lateral and 
medial mitral valvular primordia (See Figure 
11-17). Lewis, however, set the basis for the 
abnormality at an earlier stage in development of 
the heart (portrayed in Figure ll-17c). He be- 
lieved that the accessory opening represented per- 
sistence of part of the embrj’onic common atrio- 
ventricular can.al and incomplete fusion of the 
endocardial cushions. Shaner (1949) stated that 
"the e.xplanation favored by Lewis seems more 
probable, but that of Hartmann (1937) and 
Wimsatt is not Impossible.” The true develop- 
ment.al basis for double mitral orifice, tlierefOTe, 
is still controversial. 


The occurrence of double orifice of the tricus- 
pid valve is even less frequent than that of double 
mitral orifice (Wimsatt and Lewis). It is prob- 
able, however, that minor degrees of this condi- 
tion are not uncommon in the tricuspid valve. In 
otherwise normal hearts the author has, on a 
number of occasions, seen small openings in tlie 
septal leaflet of the tricuspid valve surrounded by 
attachments of chordae tendineae. He has en- 
countered 2 cases of double orifice of the tricus- 
pid v’alve associated with papillary muscles re- 
lated to the accessory orifice (Figure VI-93). 

Double orifice of the mitral valve may be asso- 
ciated with persistent common atrioventricular 
canal (reviewed by Wakai and Edwards, 1958). 
Double orifice of the mitral valve has been 
reported as an incidental finding in adults 
(Schraft and Lisa, 1950, Bowman and Forry, 
1953; Prior, 1953, Tremblay and Simard, 1955). 



Figure VI-94. Isolated pulmonary 
stwiosis nith patent foramen ovale 
in a man aged 26 years ^vho died 
of cerebral abscess. The pulmo- 
nary' trunk has been cut across and 
tlie pulmon.aiy valve is viewed 
from above. The salve is repre- 
sented by a cone-shaped structure 
projecting superiorly into the pul- 
monary trunk. Three raphes radi- 
ate from the central part of tlic 
cone to the wall of the pulmonary 
trunk. The opening in the pulmo- 
nary valve IS considerably n.ar- 
rower Uian the caliber of the pul- 
monary trunk which is of normal 
width. (From Parker, Ik L, 191S. 
Reproduced by permission of the 
autlwr and the tV. B. Saunders 
Comp.-iny.) 


PULMONARY STENOSIS W'lTH INTACT VENTRICULAR SEPTUM 

Faffiofogic Anatomy iilar septum, the obstruction usually lies at 

In pulmonary stenosis, with intact ventric- pulmonary valve. Much less commonly 
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Figure VI-95, a. Photomicrograph of pulmo- 
nary valve in pulmonary valvular stenosis From 
a man 22 years old ivhose heart is illustrated in 
Figure VI-96fo The free end of tlie s-alve shows 
fibrous thickening, probably in response to the 
traumatic inEuence of blood flosving through 
the stenotic orifice (Elastic tissue stain. X5.) 

/>. Tricuspid valve in a case of pulmonary 
vahoilar stenosis wth intact ventncular septum 
from a man 23 years old. The valve leaflet 
shows fibrosis. E\idcnce of incompetence of 
the valve is seen in the presence of jet lesions 
on the right atrial wall just anterior to the 
right atrial ostium of the coronary sinus (C.). 

the valve is normal, the obstruction residing 
in the outflow tract of the right ventricle. The 
latter condition has been called "right ventric- 
ular infundibular stenosis” or stenosis of os- 
tium infundihuli. Since these two anatomic 
entities cause similar clinical problems, they 
will be discussed together. 

In pulmonar)* vahiilar stenosis with ven- 


tricular septum intact variously called iso- 
lated, pure, simple or dome-shaped pulmo- 
nary stenosis, the pulmonary valve shows 
characteristic changes (Figure VI-94). "Hie 
\'alve is represented by a dome-shaped or 
conical fibrous funnel which projects su- 
periorly into the pulmonary trunk. The sum- 
mit of the dome has a narrow opening, rarely 
more than several millimeters in diameter. 
This is the only opening at the le\'el of the 
pulmonar>' valve. Probably no other type 
of congenital cardiac malformation presents 
greater uniformity in appearance of different 
specimens. MHien yiewed from above, the 
dome reveals 3 raphes which e^tend from 
the central perforation in it, along its su- 
perior surface to the wall of the pulmonary 
trunk (Blackford and Parker, 1941; Currens 
ct al., 1945; Auerbach and Harper, 1947). 
Tliese raphes probably represent locations at 
which division of I cusp from another should 
have occurred. In a rare case the \'alve has 
4 instead of 3 raphes. Tlie pulmonary valvular 
tissue may show fibrous thickem'ng, especially 
al the border of the orifice (Figure VI-95fz). 
Focal calcification of mild degree may be 
seen, but usually only in older patients. 

The tricuspid valve is often described as thick- 
ened, with fibrous tissue along the line of closure 
and at the points of attachment of the chordae 
tendineae (Auerbach and Harper, 1947). Focal 
calcification occurs rarely. The changes result 
from the great stress placed upon the tricuspid 
valve during systole, since systolic pressure of the 
nghl ventricle in isolated pulmonary stenosis is 
far greater than under normal conditions. Changes 
in the tncuspid vah e may, therefore, be regarded 
as a natural reaction to the excessis-e physical 
stresses placed on this valve. These secondary 
changes may cause the tricuspid valve to be- 
come incompetent (Figure VI-93b). 

The oentncidar septum is normally formed. 
The right ventricle, howe%'er, shows distinctive 
severe h>'pertrophy of the concentric type, tlie 
right wntricular chamber appearing to be smaller 
than normal. This feature is particularly notice- 
able in the subpulmonaiv' region, where the out- 
let of the right ventricle may be but a few milli- 
meters in diameter (Figure VI-96). It is still 
unsettled whether the narrow condition of this 
part of the right ventricle is congenital or ac- 
quired. Tlie author believes that it is acquired as 
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a result of the hypertrophy caused by the severe 
degree of pulmonary stenosis. In Wood’s case 
( 1942) the right ventricle was relatively small but 
the left ventricle was greatly enlarged, prob- 
ably as a result of a large right-to-left shunt across 
an atrial septal defect. Some hearts show an 
anatomically closed atnal septum, others a patent 
foramen ovale (Figure VI-97). Selaer and asso- 
ciates (1949) found 29 cases of isolated pulmo- 
nary stenosis with patent foramen ovale and 23 
with closed foramen ovale. The patency is usu- 
ally of the vahoilar-competent type, although a 
true atrial septal defect may exist. 

The narrow opening m the valve is in striking 
contrast to the diameter of the pulmonary trunk. 
The latter is often significantly dilated (Greene 
et dl., 1949), a condition called “poststenotic 
dilatation.’’ The pulmonary trunk or one of its 
branches near the bifurcation may show a raised 
area which microscopically is seen to be com- 
posed of fibrous tissue. Such a lesion is similar 
to the regurgitant pockets in the endocsirdium in 
cases of valvular insufficiency and in the intima 
of the left pulmonary artery opposite the mouth 
of a patent ductus arteriosus. We believe that 
such “jet lesions’’ indicate that an abnormal cur- 
rent had existed during life. 

Few observations on the bronchial arteries 
have been reported in instances of isolated pul- 


monary stenosis. These vessels have been de- 
scribed as dilated in cases of isolated pulmonary 
stenosis with patent foramen ovale (Vandam et 
al , 1947, in a girl aged 17 years; Selzer et ah, 
1949, in a man of 39). They have also been ob- 
served by the author in a man of 26 (Figure VI- 
98). Dilated bronchial arteries have apparently 
not been described in cases of pulmonary stenosis 
with closed atrial septum. Functional benefit is 
derived from a collateral supply to the lungs in 
cases with open foramen ovale in which venous 
blood enters the arterial side of the circulation, 
but the mechanism for development of such col- 
laterals is not evident. The stimulus for enlarge- 
ment of the collateral vessels may be provided 
by the low pulmonary blood pressure that exists 
in this condition. 

Infundibular stenosis of the right ventricle is 
usually associated with a ventricular septal defect 
(Lev and Strauss, 1942), less commonly with an 
intact ventricular septum. (See page 320.) The 
stenosis, although usually not as severe as in cases 
of valvular stenosis, is localized in the lowermost 
portion of the outflow tract of the right ventricle. 
Above the stenosed portion, the right v’entricular 
wall is thm, while below it the wall is greatly 
hypertrophied. The pulmonary valve is normal. 
Cases of infundibular stenosis with intact ven- 
tricular septum have been described (Carr and 



Figxire VI-96. Right ventricle and infundibular tract in pulmon.iry v.ilvul.ir stcno->is «ith intact 
ventricular septum, it. Trom a noman GO >cars old mthout stenosis of tlic infunelihular tract 
(P. indicates pulmonary \alve). b. From a man 22 years old. Deneath the pulmon.iry v-alve 
(P.) (he severe localized hypertrophy of the right V'cutricular wall causes infimdihiilar stenosis. 
Dunng life this secondary ohstmetion was idenhiicd b> functional studies m.ide at the time of 
operation. (From KithUn ct al., 1953. Reproduced viiUi psniiission of Gninc & Stratton, Inc.) 
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Figure VI-97. Intracanliac circulation m pulmonary stenosis with intact ventricular septum, a. The atrial 
septum IS intact The route of the blood is normal, b. Because of the presence of an interatrial communica- 
tion, a nght-to-left shunt at atrial level is possible. This occurreiKe is responsible for desaturatioa of arterial 

blood. 


Levi, 1939, Coelho and de Oliveira, 1951, Theilen 
and January, 1951). Infundibular stenosis ina> 
be a primary condition or may be secondary to 
pulmonary valvular stenosis. In the former, 
the obstruction is more localized than in the 
latter. 

Associated Conditions 

Except for the common association of an inter- 
atrial communication, pulmonary stenosis with 
intact ventricular septum does not often coexist 
with other cardiovascular malformations. Patent 
ductus arteriosus has been described in isolated 
cases (Gordon and Ferla, 1931, Taylor and Do- 
Sbatve, 1950, Deuebar and Zab, 1952). Heiner 
and Nadas (1938) described 6 cases of pulmo- 
nary vaUnilar stenosis and patent ductus arterio- 
sus. Each patient also bad some noncardiac 
anomalies, such as mental retardation, microceph- 
aly, cataracts, n>'5tagmus, retinal degeneration, 
strabismus and deaf-mutism. 

A right aortic arch is uncommon, liaving been 
observed once in 71 cases by Campbell (1954). 
Other conditions tliat may be associated include 
aortic VTiU-ular disease; bicuspid aortic valve; 
congenital aortic and pulmonar)- valvular stenosis 
(Horlick and Mem'man, 1957); calcific aortic 
stenosis (in a 63-j’ear-oId man, reported bj' Carr 


and Levi, 1930); subaortic stenosis (in a 19- 
year-old boy with pulmonary' valvular stenosis 
and intact ventncul.ar septum, reported by Beard 
et at, 1937). Stenosis of a branch of the pulmo- 
nary trunk may be associated with pulmonary 
valvular stenosis, as in a clinical case of 
Vermillion and associates (1938) that was studied 
by cardiac catheterization and angiocardiography. 
Rarely, pulmonary valvular stenosis is associated 
with a small ventricular septal defect. If the de- 
fect is small, it is not the dominant lesion (Mc- 
Cord et al., 1937) and the essential functional 
derangements are those of intact ventricular sep- 
tum with pulmonary stenosis (NicGoon and Kirlc- 
lin, 1958). The one difference is that a right-to- 
left shunt may occur through llie small defect if 
the nght ventricular pressure exceeds that of the 
left 

Incidence and Sex Distribution 
Campbell (1954) found 41 instances (6 per 
cent) of pulmonary' stenosis among 670 patients 
vndt cyanotic congenital heart disease and 72 
instances (16 per cent) of pulmonary stenosis 
among 460 acyanotic patients. Thus, pulmonary 
stenosis is found in 10 per cent of all patients 
(113 of 1130) with congenital cardiac disease. 
The sex distribution is about equal. 
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Functional and Clinical Features 
The essential functional disturbance is obstruc- 
tion to emptying of the right ventricle. This 
results in elevation of right ventricular pressure, 
the degree of elevation depending upon the se- 
verity of the obstruction. The pulmonary arterial 
pressure is low or normal (Greene et oh, 1949, 
Dow et oh, 1950). The right ventricular pressure 
may equal or exceed the left ventricular pressure 
(Pollack et ah, 1948). Kirklin and associates 
(1953) have pointed out that, when infundibular 
stenosis alone is present, this lesion may readily 
be identified by evidence of low pressure m the 
subpulmonary region of the right ventricle. When, 
however, infundibular stenosis is associated with 
valvTilar obstruction, the infundibular stenosis 
may not be apparent if the pulmonary vahaikar 
stenosis causes more severe obstruction. 

The clinical features in pulmonary stenosis 
have been reviewed (Engle and Taussig, 1950, 
Campbell, 1934, Dimond and Lin, 1954, Gibson 
ct al, 1934). Selzer and associates (1949) have 
emphasized that the level of saturation of the s>s- 
temic arterial blood depends primarily on 
whether a right'tO'left shunt exists at the atri.il 
level. If the atrial septum is intact, no shunt is 
possible, and no matter how severe the pulmo- 
nary obstruction may be, the systemic arterial 
blood is fully saturated with oxygen, and central 
cyanosis does not occur. Among patients having 
an interatrial communication, a right-to-lefl shunt 
is possible but not constant. If a right-to-left 
shunt occurs, it varies in degree from patient to 
patient; it may also \ury in degree with the 
respiratory cycle and may be intensified by exer- 
cise (Campbell, 1934). Cyanosis m.ay be absent, 
apparent, or severe. The basis for the right-to-Iefl 
shunt probably resides in the great thickness of 
the right ventricle ivhich may' exceed that of the 
left ventricle. The distending pressure necessary 
to fill the right ventricle may then be greater 
than that needed to fill the left ventricle. These 
circumstances and the presence of an interatrial 
communication i\ould lead to a right-to-Ieft 
shunt. 

In a specimen submittefl to the author by Dr. 
Lall G. Montgomery', the right ventricukir mural 
endocanhum of an infant \rith pulmonary \al\ii- 
lar stenosis was greatly thickened. This patient 
had a significant right-to-left shunt, apparently’ 
because of restriction in diastolic excursion of the 
right \entricle as a result of the endocardial thick- 
ening. 

If during cardiac catheterization the catheter 


is in a small pulmonary orifice, the obstruction 
so caused may be associated with an intensified 
right-to-left shunt (Episcopo et ah, 1952). 
Among cyanotic patients, clubbing and poly- 
cythemia may be present but squatting is un- 
common. Many patients exhibit normal tolerance 
for exercise for many years, especially when they 
are acyanotic. The area of the pulmonary stenosis 
IS associated with a tniirmur and thrill. The 
second cardiac sound in the pulmonary area is 
single and not accentuated, Electrocardigraphic 
changes in pulmonary stenosis (Joly et ah, 1952; 
Campbell and Reynolds, 1954; Landtman, 1954; 
Emslie-Smith ct al , 1956) seem to depend on 
the degree of elevation of right ventricular pres- 
sure, With great elevations of pressure, the pattern 
lends to show right ventricular hypertrophy, in 
other cases, right bundle-branch block. Evidence 
of right atrial enlargement is common. 

Roentgenographic studies characteristically 
show dil.atation of the pulmonary artcn.'il seg- 
ment, a manifestation of poststenotic dilatation. 
The pulmonary fields may be normal or show 
diminished markings. The shadow of the heart 
itself may be normal in the postero-anterior pro- 
jection. When enlargement ocairs, it tends to 



Figure VI-98. Dilated bronclual arteries In the case 
of i^latcd pulmonary stenosis, illiistr.itcxl in Figure 
Vl-94. The nirtli.islin.il stnichires and flic ad;jccnt 
portions of the lungs arc viewed clors.illy. Tlic right 
bronchial artery arises from the .norta, ascends, courses 
lielund die esoph.igus, and then proceeds infcriorlv 
in a tortuous manner to the lulus of the right lung. 
Tlie left bronclii.il artery p.iss<-s hon7ontally from the 
aorta to the hilus of the left lung. It courses at a.lcvcl 
corresponding to the inferior .aspect of tlic* left 
bronchus. 
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Figure VI-99. Pulmonary atresia with small right ventntle in a m.ile infant 4 months of age. o. Pulmo- 
nary salve viewed from above. The onfice is closed by a fibrous membrane from tlic center of which 
three raphes radiate to Uie wall of the pulmonary tnmk. b. flight side of heart. The diminiitisc size of 
the right ventnciilar casity is m profourrf contrast to the great tliickness of its wall. c. The tricuspid 
salve, though small, appears normall) formed. 


be toward the right and probably is a sign of 
right atrial dilatation. Of special roentgenographic 
interest are cases of ptiImonar>' stenosis ssolh 
left-to-right shunts (Deuchar and Zak, 1932, 
MofRtt et ah, 1954, Bosvers et al , 1956) caused 
either by patent ductus arteriosus or anomalous 
connection of pulmonary veins with the right 
atrium. At other times, there is simply an atrial 
septal defect and the pulmonary stenosis )S 
either mild or moderate. The features of pul- 
monary stenosis are evident and these are as- 
sociated with the exceptional feature of roent- 
genographic evidence of increased pulmonar>' 
flow. 

Differential Diagnosis 

Little difBcuIty in diagnosis is encountered in 
cyanotic or acyanob'c patients although in earlier 
days some of the latter cases were called "exam- 
ples of small ventricular septal defect” on the 
basis of the basal murmur and thrill. At times it 
may be difficult to distinguish the disease from 
the anatomic tetralogy of Fallot with severe pul- 
monary stenosis. Identification of different pres- 
sures in the two ventricles and occurrence of the 
right-to-left shunt only at the atrial level usually 
serve to establish the correct diagnosis. In se- 
verely cyanotic infants, the distinction from pul- 
monary atresia with intact ventricular septum may 
be difficult unless dye-dilution studies and angio- 
cardiography demonstrate a pathway of flow into 
the pulmonary trunk. 


Complications and Prognosis 

The major complications are congestive cardiac 
failure, bacterial endocarditis, cerebral abscess, 
and hypoxia. Cardiac faihire is the most common. 
Bacterial endocarditis may begin at any one of 
(he sites of great stress: (1) tricuspid vali’e 
(MePhedran, 1924), (2) pulmonary’ valve 

(Tuley and Moore, 1917), (3) bifurcation of the 
pulmonary trunk (at which site the fel stream of 
blood stnkes when valvular stenosis is present), 
and (4) wall of the nght ventricular infundibular 
chamber above localized infundibular stenosis 
(Leitmann, 1928). Cerebral abscess is seen only 
among patients having interatrial communication 
and IS explained as a complication of a right-to- 
left shunt, as in patients with other anatomic 
malformations in whom a right-to-left shunt oc- 
curs (Parker, 1948; Selzer et al., 1949). Hypoxia, 
a relatively uncommon cause of death, is prob- 
ably seen only in infants with severe stenosis 
(Johnson and Johnson, 1932). In such cases an 
element of cardiac failure is probably also pres- 
ent. Death may occur during infancy, particularly 
if the stenosis is severe, but most patients surv’ive 
to adult life. In the series of Abbott and asso- 
ciates (1923) the average age at death was 21 
years. The patient of White and associates (1930) 
lived to the age of 75 years. 

Surgical Correction 

Pulmonary' valvofomy is the accepted proce- 
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dure for pulmonary valvular stenosis (Brock, 
1948, Sellors, 1948, Brock and Campbell, 1950). 
When secondary infundibular stenosis occurs, 
residual obstruction may be apparent after this 
procedure, however (Kirklin et al, 1953). In- 
fundibular resection may relieve this compli- 


cating factor (McGoon and Kirklin, 1958). 
Engle and associates (1958) have indicated 
that spontaneous regression of infundibular 
stenosis may occur in some patients simply after 
relief of the pulmonary valvular stenosis 


PULMONARY ATRESIA WITH INTACT VENTRICULAR SEPTUM 


This condition must be distinguished from 
pulmonary stenosis with intact ventricular 
septum. Patients ivith pulmonary stenosis 
usually live to adolescence or adult life, 
whereas patients witli pulmonary atresia and 
intact ventricular septum rarely, if ever, live 
beyond infancy. In pulmonary atresia the 
pulmonary valve is closed by a fibrous 
diaphragm. When viewed from above, the 
diaphragm appears to be formed by fusion of 
3 cusps. Radiating from the center of the 
diaphragm are 3 equidistant ridges (Figure 
VI>99a). These extend to the wall of the 
pulmonary trunk or end at the junction of 
the fused cusps with the arterial wa)). Tlie 
3 ridges are similar in appearance to the 3 
ridges or raphes usually seen in the superior 
aspect of the fused cusps in cases of dome- 
shaped pulmonary stenosis. The lack of an 


opening within the fibrous membrane repre- 
senting the fused pulmonary cusps distin- 
guishes isolated pulmonary atresia from iso- 
lated pulmonary stenosis. The function of the 
heart and the secondary pathologic features 
depend on whether there is an opening, how- 
ever small, in the pulmonary valve. 

In all cases of pulmonary atresia with in- 
tact ventricular septum, there is no normal 
outlet for blood from the right side of the 
heart. An interatrial communication exists 
which usually takes the form of a valvular- 
competent patent foramen ovale. Rarely a 
true atrial septal defect is present, The left 
atrium and left ventricle are somewhat en- 
larged as the aorta arises normally from the 
left ventricle. The aorta is unusually wide. 
A patent ductus arteriosus provides communi- 
cation between the aorta and the pulmonary 



Figure VI-100. PuJnion.niy valjiiljr atresia will intact ventricular septum, incompetent tri- 
cuspid salve and nonual-sizcd nght ventncle in a female infant 7 weeVs old. a. Tlic great 
scsscls arc correctly interrelated. The pubnonaty trunl. h narrosser than normal, h. Inferior 
of right side of licart. In contrast to the nght vitntricle of the ts-pe illustratcil m Figure 
VI-99, tSic chamber here is of normal size. The tight atrium is dilated. Tlie difference in 
appc.irancc of the right sentricle rn cases of pulmonary vahular atresia appears to depend 
on sshclher the tricuspid valve Is incompetent. In this instance, the valve was regarded 
as incompelcDt. 
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Fipjrc VI-101. Anterior \1cw of the heart if> atre- 
sia of p»ilmonar>- %al\c wUh intact vcnlriaiLr 
sephim and small nj;ht %enlrulc Prom a male 
infant 8 da>s of age. Near the mlraveiUnoiUr 
sulcus and to the right of the anterior de^ccrMhng 
coronary artcr>, an nnnmalou-. stssel cm.m.itc% 
from the right xcntnclc (ixiint of .nrron.) Tlie xcs- 
set communicated irith the hraiichcs of (he anUTior 
descending coronary artcrj' and originatwl hy fu- 
sion of sinusoids of the nght sentnciibr cluimlier. 


arterial system. Tlie latter may he of normal 
caliber, altliongh in some in.stanccs the pulmo- 
nary tninh is narrower than normal. 

Greemvold (1935) divided ptilmonan’ alrcsi-a 
with intact ventricular septum into 2 groups, de- 
pending on tlie size of the right cenfriefc. TIk* 
first group is ch.iracterizcd by a small right ven- 
tricular chamber while in the second group, tlio 
right ventricular chamber is of normal size or 
somewhat enlarged. It is important to separate 
these 2 categories since, at present, surgical relief 
of the pulmonar>' obstruction is possible only in 
the second group. In the first group, the right \«i' 
tricular chamber is minute but the right \entricu- 
br wall is greatly hypertrophied, measuring up to 
2 cm. in thickness in infants (Figure VI-99b). A 
thrombus may fill the ca\ity (GlabofT et at., 
1950). The tricuspid valve, although diminutive, 
appears properly formed. Here we liave the 
combination of pulmonaiy’ atresia, a closed ven- 
tricular septum and a normally functioning tri- 
cuspid %’al\ e apparently as the underlying factors 
in the enonneiis right i^entrfctifar frypertropfiy. 
It appears that some blood may enter the ven- 


tricle during diastole, but cannot escape as long as 
the tricuspid valve remains competent. Tliis 
inciiiis tliat (luring s>'sto1ic contraction the right 
ventricle contracts against a noncomprcssible 
stilislaiice .and therefore becomes markedly h>-pcr- 
trophic. This assuniptioii seems to be supported 
by cases of pulmonary ntrcsu with n closed \cn- 
lriciil.ir septum and an atretic tricuspid v.il\c 
(sec Tricuspid Atresia, Tjtic la, page 577). In 
the Utter condition, in which no lihKnl can enter 
till* fight sfiitricle, the cham1>er is tiny and its 
wall IS so sm.ill as to lie easily osrriooked at 
necropsy (Figure \'l-70ii). Unless sections are 
taken fri»u appropriate locations and studied 
mi(^r«»sc<lp^c.\^ly to detenninc the presence of a 
cardiac eliaml>rr. one may at times be unable to 
deiimnstratc the right \ciitricle (Elster, 1930). 
Even when the right ventricle is of normal sire 
or enlarged, the wall is hypertniphied (Figure 
VMOO). Hearts with sm.ill right ventricular 
cliamlicr often Inve an anomalous vessel emaiiat- 
mg from the right ventricuhir ch.iml>cr (Figure 
VMOl). It IS fonned by coaleseeiico of sinusoids 
in llic myocardium of the right ventricle. Tlie 
single vessel emerges into the cpieardinm and 
commiitiicaU'S with the branches of the normal 
coronary arlcries. In discussing the pathogenesis 
of (his anom.alous coronary vessel, Williams and 
assoaates (1051) Iiave indicated that, in the 
presence of an absolute obstnicUou at the pulmo- 
nary valve and a ftmclfoning tricuspid valve, ele- 
vation of right ventriodar pressure would force 
open widely those myocardial sinusoids which 
normally are present but narrow. By fusion, these 
channels would develop into the anomalous coro- 
n.iry vessel mentioned. 

Incidence and Sex Distribution 
Pulmonary atresia with intact VTntricuIar sep- 
tum is uncommon. Among 83 cases of pulmo- 
nary stenosis and atresia of all varieties which 
Abbott and associates studied in 1923, only 0 
wxre cases of pulmonary atresia with intact sen- 
triailar septum. In the .Mayo Clinic pathologic 
collection of more than 530 hearts, there are 17 
examples of this condition. Among 16 cases in 
which the sex was known, 10 were from males 
and 6 from females. 

Functional and Clinical Features 
As in tricuspid atre.sia, all the blood which 
enters the right atrium through the venae cavae 
and the coronary' sinus is directed into the left 
atrium (Fi^re VI-102). Here it is met by oxy- 
genated blood entering the left atrium by way 
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a b 

Figure VI.102 Intracardiac circulation in pulmonaiy valvoilar atresia and intact ventncular scptuifl- 
a. The nght ventncular chamber is small. The tricuspid valve was regarded as competent b. The 
right ventncular chamber is of normal size or enlarged. The tricuspid v'alve was believed to have 
been incompetent 


of the pulmonary veins. The left atrium is thus, 
functionally, a single atrium, and communicates 
normally with the left ventricle through llie mitral 
valve. The aorta receives all the blood which 
leaves the heart. The ductus arteriosus is usually 
open and through it the lungs receive the major 
part of their blood. The diameter of the patent 


ductus arteriosus is probably always inadeduate 
to carry an optimal amount of blood to the lungs. 
Ct//inosis, often of intense degree, is tJie niost 
sinking clinical feature. It is usually noted at 
birth or shortly thereafter. The electrocardiogram 
usually shows evidence of right \’entnc»Iar hyper- 
trophy (Novclo et cl., 1951). The roentjSeno- 



Figure VI-103 lloentgonograms of the thorax in two cases of pulmonary 
s.ihular atresia wilh intact scntriciilar septum, a. From an infant with a 
small right \ cntricul.-ir chamber, b. From an infant with an enl.'irg«l \en- 
tniiil.ar cliambcr whose lie.wt was illustrated in Figure \T-100. The increase 
in transserse diameter of the heart is clkaracleristic of most cases of normal- 
sizet! or cniarget! right ventricular chamber. Difatation of the right atrium 
contributes to part of tlie enlargement. 
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Figure Pliotomicrograpli of the great \essels 

ID a case of pulmonary \al\’ular atresia ttith intact 
tentacular septum in an infant 7 weeks old. The 
pulmonary end of the ductus arteriosus is obhtcraled 
by a thrombus. It is presumed that chmcally tlie 
accentuation of c>anosis was related to this complica- 
tion. {L.P.A. indicates left pulmonary artery ) 

graphic appearance of the thorax depends on the 
size of the right ventricle, if the chamber ts small, 
the cardiac shadow is not enlarged, if the right 
ventricle is of normal size or enlarged, the cardiac 
shadosv is enlarged with significant enlargement 
to the right fFjgure VM03). 

CompJtcafiona and Prognosis 
The major complication is narrowing of the 
ductus arteriosus, the main channel by which 


blood is carried to the lungs. This narrowing usu- 
ally proceeds along normal lines and almost uni- 
formly accounts for early death. Rarely throm- 
bosis of the ductus arteriosus may be the basis 
for closure (Figure VI-104). Leo (1886) re- 
ported this condition in a girl who died at the 
age of 8 months. He stated that 14 other cases 
had been reported up to that time and that, with 
the exception of Hare’s patient, who died at the 
age of 9 months, all patients had died in the neo- 
natal period. In Abbott’s series (1923) the long- 
est survival was 16 weeks. The oldest patient 
obserxed by Edwards died at 11 months. The 
longest siirvis'al, as far as I am aware, was that 
of a 14->ear-oltl girl (Allanby cf aJ., 1950). 

Surgical Correction 

The anticipated results from pulmonary valvot- 
omy depend on the size of the right ventricular 
chamber. Among patients with a small right 
ventricular chamber, it is doubtful whether relief 
of the pulmonary s’alvular obstruction would ac- 
complish much. The small caliber of the tricus- 
pid v'alve and the small capacity, either alone or 
together, would produce significant resistance to 
right ventricular filling, If the right ventricle is 
normal or enlarged, relief of the pulmonarj* s'alvii- 
lar obstruction might be helpfuL Since the basis 
for a normal-sized or enlarged right ventricle is 
tricuspid insufficiency, the latter may present a 
residual significant problem even after the pri- 
mary condition was corrected. 


AORTIC ATRESIA WITH INTACT VENTTllCULAR SEPTUM; 
COEXISTENT AORTIC AND MITRAL ATRESIA 


Pathologic Anatomy 

In aortic atresia (Figure VI-105a) and in 
coexistent aortic and mitral atresia (Figure 
VI-105b), with intact ventricular septum, the 
appearances of the aortic valve are similar. 
"The orifice is closed by a fibrous diaphragm 
(Canton, 1849; Figure Vl-106fl) similar in 
appearance to the atretic pulmonarx’ valve in 
cases of pulmonary’ atresia. Tlie coronar>' 
ostia be superior to the membrane. In each 
condition the ventricular septum is intact. 
Except for the appearance of the left ven- 
tricle and mitral valve, the two conditions 
show the same secondary phenomena. 

In coexistent aortic and mitral atresia the 
left ventricular chamber is tiny (Walker and 


Klinck. 1942), and its wall is so thin as to 
escape detection at times, unless histologic 
sections taken from appropriate locations are 
studied (Figure Vl-lOob). The left ventricle 
in this condition is similar to the right ven- 
tricle in cases of coexistent pulmonar)' and 
tricuspid atresia; the latter are designated in 
ibis chapter as tricuspid atresia, Tjpe la. 
Some cases reported as examples of aortic 
and mitral atresia with a single ventricle are 
probably e.xamples of this malformation. In- 
asmuch as the left ventricle is a chamber 
without any function, the malformation has 
been given tlie name cor psctidolrilocttlare 
(Dolgopol, 1934). 

In isolated aortic atresia the left venlric- 
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ular cavity is small but its wall is greatly 
thickened (Figures VI-105a and VI-106b; 
Wenner, 1909, Case 7). This feature is similar 
to the great thickness of the right ventricwlar 
wall when pulmonary atresia is associated 
with a closed ventricular septum and a patent 
tricuspid orifice. The increased thickness of 
the wall apparently is caused by contraction 
of the ventricle against blood caught in the 
chamber as a result of the aortic atresia and 
a functioning mitral valve. In cases of aortic 
atresia or of coexistent aortic and mitral 
atresia, the left atrium may be normal in size, 
or smaller or larger than normal. Since there 
is no normal outlet from the left side of the 
heart, an unusual route must be present for 
exit of blood from the left atrium. The situa- 
tion with respect to flow of blood from the 
left atrium is identical to that m cases in 
which mitral atresia is the basic malformation. 
The thebesian veins in the atrial septum may 
be ^vider than normal and so carry blood from 
the left atrium into the right. These outlets, 
no matter how much wider than normal they 
may be, are never sufficient to carry an ade- 
quate amount of blood. 

If life after birth is maintained, the inter- 
atrial communication is larger (Figure VI- 
106h and c). At times this takes the form 
of an atrial septal defect, represented by a 
short valve of the foramen ovale, as in the 
second case of Wilier and Beck (1932). More 
commonly the foramen ovale is patent for 
another reason. Evidently as a result of the 
great pressure which is built up in the left 
atrium, the anterior aspect of the valve of 
the foramen ovale is forced through the fora- 
men ovale into the right atrium, to create an 
atrial septal defect. Though the opening is 
often described merely as a “patent foramen 
ovale,” it should be recognized as a peculiar 
form of patency. It is similar to the usual 
patent foramen in cases of mitral atresia. 

The patient of Bellet and Gouley (1932), with 
isolated aortic atresia, died 12 hours after birth 
and showed a prematurely closed foramen ovtde. 
In McIntosh’s (1926) case of mitral atresia and 
premature closure of the foramen ovale, an anom- 
alous channel connected the left atrium and 
the superior vena cava. Through this channel. 


blood could leave the left atrium and eventually 
reach the right atrium (see sections on Mitral 
Atresia, page 386, and Malformations of the 
Great Veins (page 4S1). Ruge (1905) found 
that the foramen ovale W’as closed in 5 of 50 
reported cases of congenital aortic atresia. He 
stated that while fetal life is possible in such cases, 
postnatal life is not. Unless an unusual vascular 
connection exists, such as that suggested by 
Bellet and Gouley, the statement of Ruge is en- 
tirely justified. 




Figure Vl-105. a. The intracardiac 
circulation in aortic atresia. Tlie left 
ventricle, although having a small 
chamber, has a greatly thickened wall 
(From Edwards, J. E.: Postgrad. 
Med.. 3;327-341, 1948. Reproduced 
by permission of Postgraduate Medi- 
cine.) h. The infracardiac circulation 
in coexistent aortic and mitral atresia. 
The left ventricular clumber is di- 
minutive and Is hidden in die wall 
of the single functioning right ven- 
tricular chamber. 



Figure VI-106. Aortic atresia in a female infant 4 months old. (Reported by DuShanc, J. W.: 3/. Clin. 
North America, 32 S79-894, 1948, Case 2.) a The ascending aorta has been opened, and the aortic salve is 
seen from alwvc. A membrane doses the valve onfice. Three raphes radiate from flic center of the dia- 
phragm to the aortic wall. h. The left ventricular wall is greatly thickened. The cliamber is small. Tlie mitral 
valve is normally formed, but small Prominent thebesian v’eins are seen in the atrial septum, c. Tlie right 
side of the heart. The right atrium is greatly dilated. A probe lies in the small patent foramen ovale. The 
right vcntricuhr ch.amher is dilated and its wall is hyperlroplued. d. The great vessels and the evtcrior of 
the he.irt. The pulmonary trunk is widely patent and u correctly related to the hyiiopkaslic ascending aorta. 
A p.itent ductus arteriosus connects the pulmonary aitenal system wath the aorta. (From DuShanc, 1948. 

Reproduced by permisvion of Uie author and the W. B. Saunders Company. ) 
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Tlie right atrial chamber is dilated (Figure 
VI- 106c), and the right ventricle dilated and 
hypertrophied. The pulmonary trunk is greatly 
dilated but its relationship to the aorta is nonnal. 
While the aortic arch is of normal size, the 
ascending aorta is considerably narrower than 
nonnal. It is often described as "hypoplastic” 
(Figure VI-106d), and may be only several 
millimeters in diameter. The ductus arteriosus is 
patent and represents the only channel by which 
the systemic circulation derives its blood, the 
source being the pulmonary arterial system. 

Aortic atresia is often accompanied by great 
thickening with elastic tissue of the left atrial 
and left ventricular mural endocardium and 
myocardial scarring (Wiglesworth, 1936; Ross- 
man, 1942). In coexistent aortic and mitral 
atresia, the left atrial endocardium is similarly 
thickened. Some liave e.Yplamed this change as 
representing the end-result of fetal endocarditis 
which also was responsible for the valvular atre- 
sias (von Zalka, 1924). Others have thought that 
the fibrous thickening of the mural endocardium 
is merely the result of the mechanical stresses 
incident to the obstruction at valve level (Stias- 
sny, 1901; Loeser, 1915). The latter interpreta- 
tion seems correct. It must be pointed out that 
the myocardial scarring usually lies immediately 
beneath the thickened endocardium (von Zalka). 
The scars of the myocardium arc probably con- 
tinuous with the thickened endocardial connec- 
tive tissue. Von Zalka observ’ed that in hearts 
with pulmonary atresia the right ventricular 
mural endocardium and underlying myocardium 
were scarred, and that similarly in aortic atresia 
the left ventricular endocardium and myocardium 
were scarred. He felt that these observations 
supported the concept that the basis for tlie 
valvular atresia was inflammatory. We believe, 
however, that these changes are better explained 
on a mechanical basis. Cellular inflltration is 
rarely associated with the endocardial thickening 
and myocardial scarring (Isaacson et of., 1946). 
In occasional cases there are many wide blood- 
containing channels in tlie myocardium of the 
left ventricle and atrium (von Zalka, 1924; Bellet 
and Gouley, 1932). In tlieir case, BeJJel and 
Gouley could trace continuity of these sinuses 
uith the smaller coronary arteries on one liand, 
and with the cardiac chambers on the other. Such 
.abnormal coronary blood vessels are similar to 
those seen in pulmonary atresia with intact ven- 
tricular septum and a competent triaispid \alvc- 
At necropsy the lungs usually exhibit edema. 
The arterial vessels show niedial hj'pertrophy, but 
because of the >oung ages of the patients it Is 


impossible to distinguish these features from the 
nonnal, however significant the changes may be. 

Incidence and Sex Disfribufion 

The incidence of aortic atresia is relatively low. 
Abbott’s (1936) series of 1000 hearts included 
12 instances of aortic atresia. This presumably 
included cases of isolated aortic atresia and those 
of coexistent aortic atresia and mitral atresia. 
The incidence for some reason is much liiglier in 
the collection of the Mayo Clime. Among more 
than 550 specimens ^v^th major cardiovascular 
malformations, 10 had coexistent aortic and mitral 
atresia and 20, aortic atresia with intact ventricu- 
lar septums. Many of these specimens were sub- 
mitted from outside sources, probably because 
of their relative rarity. 

Tliere is a decided tendency for aortic atresia 
to occur ill the male. Friedman and associates 
(1951) reported that among 27 cases of aortic 
atresia and coexistent aortic and mitral atresia in 
which the sex was known, 18 were in males. In 
the collection of the Mayo Clinic, among 8 cases 
of coexistent aortic and mitral atresia in which 
the sex was known, 6 were in males and 2 in 
females. In the same series, among 16 cases of 
aortic atresia with intact ventricular septum in 
which the sex was knoum, 14 were in males and 
2 in females. Brekke (1053) reported aortic atre- 
sia in 2 members of tlie same family. 

Functional and Clinical Features 

In both aortic atresia with intact ventricular 
septum and in coexistent aortic and mitral atresia, 
the circulation is essentially the same in that 
blood from the left side of the heart has no outlet 
(Figure VI-105). Blood which returns to the 
left atrium from the pulmonary \eins meets an 
obstruction and is carried through a narrow com- 
munication to the right atrium, usually through 
an interatrial communication. This rarely occurs 
through anomalous venous connections. The right 
atrium receives, in addition, all the blood return- 
ing normally through the systemic veins. Tlie 
mixture of blood in the right atrium enters the 
large right ventricle which is the only effective 
propelling ventricle. From the pulmonary arterial 
ss-stem. blood is directed both into the lungs and 
through the ductus arteriosus into the .aorta. It 
is recognized lliat tlie .aortic arch and the cxiro- 
nary arteries receive hlfKicl which /lows in the 
re\-erse direction of the norm-al. I’roxini.il to tiie 
innominate artery, (he hvpoplasfic ascending 
aorta is, from a function.il point of \icw, simply 
a common coronary ar(cr>’. 

Two major functional disturbances are present. 
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One is obstruction to pulmonary venous flow re- 
sulting from the abnormally narrow outlet of the 
left atrium, and at the same time, the right ven- 
tricle represents a common functioning ventricle 
for both the pulmonary arterial and systemic 
arterial systems. There is then an inverse rela- 
tionship between pulmonary and systemic flow, 
and with this follows differences in functional 
manifestations. When pulmonary flow is in- 
creased, desaturation of the s>’stemic arterial 
blood tends to lessen, but this, at the same time, 
leads to a greater tendency to pulmonary edema. 
When the pulmonary blood flow is decreased, 
pulmonary edema tends to become less, but at 
the same time, a greater proportion of systemic 
venous blood is present in the mixture of blood 
in the right side of the heart, thus producing a 
greater tendency for cyanosis. 

Patients with aortic atresia manifest cyanosis 
shortly after birth (Taussig, 19-45: Friedman et 
al., 1951). In some cases a precordial murmur, 
usually systolic, is best heard to the left of the 
sternum. The roentgenogram gives evidence of 
marked cardiac enlargement. The electrocardio- 
gram usually indicates right ventricular enlarge- 
ment; rarely, left ventricular hypertrophy (Soloff. 
1949). Lev and Killian (1942) reported iso- 
lated aortic atresia in 2 patients who had had 
first degree atrioventricular block during life 
and prolonged QBS complexes. Histologic studies 
were made of the conduction system. In the 
first patient, who lived 44 hours after birth, the 
atrioventricular node was normal, the bundle of 
His was embedded in and partly penetrated b) 
a large mass of scar tissue, and the distal portion 
of the left branch of the bundle was encased in 
and partly subdivided by hyalinized connective 
tissue of the left ventricular mural endocardium. 
The findings in the second patient were essentially 
similar. 

CotnpUcoUona and Prognoaia 
Herxheimer (1910) found that many patients 
die during fetal life. Of those who are bom 
abve, the majonty die during the first week of 
postnatal life. Friedman and associates (1951), 
reviewing 36 cases, mostly from the literature, 
found that the oldest patient had lived 4 months. 


Of the 36 patients, 24 were dead \vithin the finl 
week after birtli. The striking tendency for aortic 
atresia to be lethal early in life accounts for the 
frequency of this malformation in reviews of 
congenital defects occurring in the newborn period, 
in contrast to tlie lower inddence when pa- 
tients of all ages are studied. The major cause 
of death is pulmonary edema. 

Derclopmenfo/ Baaia 

The developmental basis for aortic atresia is 
not established. In \iew of the intact ventricular 
septum, It is assumed that the valvular malforma- 
tion is formed relatively late in the period of 
cardiac development. Some (Farber and Hub- 
bard, 1933; Abbott, 1936) have suggested that 
the atresia represents the end-stage of fetal endo- 
carditis. but this is not proved. Histologic exami- 
nation of the myocardium in the cases reported 
by von Haam and Hartwell (1939) and by Ross- 
man (1942) failed (o show any evidence of in- 
flammation. Wilier and Beck (1932), in 2 cases 
of isolated aortic atresia, found attached to the 
obstructing diaphragm, vascular connective tissue 
including macrophages containing hemosiderin. 
Though they claimed that these features were 
evidence of endocarditis, it is possible that the 
tissue they described represented an organized 
thrombus. ^Vhile it Is difficult to prove that the 
malformation is on an inflammatory basis, it is 
also dilBcuIt to explain it otherNvise. Although no 
stage in cardiac development is characterized 
by anatomic closure of the aortic valve, for some 
occult re.ison a secondary fusion of the dei’elop- 
ing \-a!ve cusps occurs. EWdence supporting the 
concept that the atresia is not caused by unequal 
partitioning of the truncus arteriosus is found in 
(1) an intact ventricular septum and (2) the pres- 
ence, within the diaphragm that closes the aortic 
valve, of elements which seem to represent 3 aor- 
Uc cusps. In an earlier section (page 335), it 
%vas seen that unequal partitioning of the Inmcus 
results in a defect of the membranous portion of 
the ventricular septum and, in malformations 
such as the anatomic tetnilog>’ of Fallot, that it 
results in a narrow pulmonarj' valve which is 
often bicuspid. 


BICUSPID AND QUADRICUSPID SEMILUNAR VALVES 

Either of the semilunar valves may have a cusps. The most common of these variations 
deficiency or an excess in the number of is a bicuspid aortic valve. 
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is evident that a malformation exists (Figure 
Aomc Valve VI-lOTa). In the second type, I of the 2 cusps 

A bicuspid aortic valve always raises the is divided by a ridge or a raphe into 2 seg- 

question whether the abnormality is a con- ments (Figure VI-107b). The ridge lies ver- 

genital malformation or an acquired deform- tically in the aortic wall of the aortic sinus, 

ity. For this reason it is pertinent to review It extends into the depths of the sinus and 

the criteria for distinguishing these 2 types may then extend into the sinusal aspect of 

of bicuspid aortic valves (reviewed by Kol- the conjoined cusp. The conjoined cusp may 

etsky, 1941a and b). Two types of congenital be equal in size to the other cusp but, 

bicuspid aortic valves are found. In one type more commonly, the conjoined cusp is the 

the two cusps are of equal size and usually it larger. 



Figure VI-107, a. Congenital bicusind aortic valve in which the two cusps are of about 
equal size. No raphe is present, b. Congenital bicuspid aortic \alve. A raphe extends from 
the aortic wall onto the dors.il one of the two cusps, c. Piiolomicrograph of section across 
tlie raphe in congenital bicuspid aortic \at\'e. Aortic media extends uninterruptedly through 
and fonns die raphe. (VerhoefTs clastic tissue stain counterstained with van Gicson’s con- 
nective tissue st.nn. X13.) <1. Fliotoinicrograph of section across die raphe in acquired 
bicuspid aort/c vahe. The ntphe is composed of cofbgcnous tissue. The aortic media does 
not extend into it. Contrast uilli the picture of the congenital raphe illustrated in e (Ver- 
hoefTs elastic tissue stain counlcrstamcd with x-an Cicson’s connective Ussue stain. X14.) 
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Osier (1886) laid down gross criteria for the 
distinction behveen acquired and congenital bi- 
CTispid aortic valves. Subsequently, Itoucver, 
others (Lewis and Grant, 1923, Bishop and Tru- 
belc, 1936; Koletskj', 1941) have pointed out that 
the gross appearance is unreliable in the differ- 
entiation, and that Uie distinction must be made 
from the microscopic characteristics of the raphe 
and of tlie neighboring aortic wall. 

Summary of Microscopic Characteristics. In 
congenital bicuspid aortic voice the upper part 
of the raphe is composed exclusively of aortic 
medial tissue covered by a thin layer of intima 
(Figure VI-107c). At this level the clastic fillers 
of the outer media pass wnthout intermplion 
through the ridge and are parallel e.xcept in the 
central portion of the raphe. In the latter location 
the elastic fibers are whorled and irregular In 
the base of the raphe, in the vicinity of the an- 
nulus fibrosus, the regular character of the raphe, 
resembling aortic media, is partly lost. Usually 
the annulus extends upward and divides the 
raphe into 2 halves, one superficial and the other 
deep. Koletskj' has compared the shape of the 
annulus to that of an inverted letter V, the apex 
of the V being covered by medial tissue of the 
aorta on each side. Superficial elastic fibers of 
the raphe may extend down to the attachment 
of the cusp. 

The important point to recall in this arrange- 
ment is that part of the aortic media lies super- 
ficial to, that is, toward the sinus of, the annulus 
fibrosus. This arrangement is like that seen in 
the normal aortic wall at the center of the aortic 
sinus, whereas at the commissure the relationship 
changes and the annulus fibrosus lies superficial 
to the aortic media. In contrast to the presence 
of aortic media superficial to the annulus fibrosus 
at a raphe of congenital Ijpe (Figure \T-107c), 
at a raphe of the acquired type the annulus fibro- 
sus and the aortic media have a normal com- 
missural relationship, the aortic media lying deep 
to the annulus. The acquired raphe thus contains 
no medial elements of the aorta (Figure \T- 
107c) and is composed of the collagenous tissue 
of the annulus fibrosus overlain by the interad- 
herent elements of the 2 cusps which have be- 
come fused. Severtil strands of elastic bssue may 
be found in the acquired raphe, but these lack 
the regularity of the elastic fibers in the con- 
genital raphe. 

An acquired bictispid calce results from inflam- 
matory disease and may show cellular infiltration 
and vascularization of the raphe, features that 


arc absent in the raphe of the congenital bicuspid 
valve. 

Kolclsky found 18 cases of congenital bicuspid 
aortic valve among 3300 consecutive necropsies; 
McGinn (1936), 10 instances among 7500 nec- 
ropsies; and Leech (1933), 3 instances among 
13,115 necropsies. Gross (1937) encountered 28 
instances of bicuspid aortic valves in a review of 
5000 hearts. Xone of lliese occurred in the 
younger age groups although 932 of the 5000 
hearts were from persons less than 10 years of 
age. The average age of the 28 persons with bi- 
cuspid aortic valves was 45 years. He made a 
special study of 16 of these hearts and con- 
cluded that in all of them the aortic valve was 
bicuspid on an acquired basis. It should be cm- 
pbasizetl that in 2 of these hearts the stnicture 
of the aortic annulus was like that in congenital 
bicuspid aortic valve, according to the criteria 
of Lewis and Grant, Bishop and Tnihek. and 
Koletsky. Gross stated tliat a biaispid aortic 
valve in an adult should not be regarded as a 
congenit.-il malformation unless other cardiac mal- 
formations coexist. This opinion seems unjustified 
m view of the apparently .sound criteria for the 
distinction of a congenital from an acquired bi- 
cuspid aortic valve. 

Congenital bicuspid aortic valve may exist 
as the sole malfonnalion in a given case or it 
may be associated with other cardiovascular mal- 
form.ilions. In Koletsky ’s (I94Io) 18 eases of 
congenital bicuspid aortic valve, 9 were encoun- 
tered in infants and children and 9 in adults. 
Seven of the 9 younger patients had associated 
anomalies of the heart while 2 of tlie 9 adults 
had associated cardiac malfonnalions. Associated 
cardiovascular malformations in Koletskys series 
included transposition of the great vessels, ven- 
triailar septal defect, aneurysm of the ventricular 
septum, persistent ostium primum and, foremost, 
coarctation of the aorta. The latter malformation 
wus present in 4 of the younger group and in 1 
of the adults. In 1 patient, an 8-j’ear-old boy, 
tire congenital bicuspid valve was associated vvitli 
coarctation of the aorta and an aneurysm of the 
circle of Willis. Rupture of the latter was the 
cause of death. 

It is estimated that bicuspid aortic v'alve occurs 
in 75 per cent of cases of coarctation of the aorta. 
(Edwards et al., 1948). Wlien associated with 
coarctation of the aorta, Uie bicuspid aortic valve 
may frequently be responsible for aortic valvular 
insulEdencj' (Christensen and Hines, 1948, Bur- 
chell. 1930). When congenital bicuspid aortic 
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valve is not associated with other cardiovascular 
malformations, it usually causes no functional 
disturbance but constitutes a hazard for the de- 
velopment of bncicrial endocarditis. Abbott 
(1925) reported bacterial endocarditis in 18 of 
44 cases. Though she accepted a congenital basis 
for all of the bicuspid valves, in some cases the 
valmlar deformity may have been acquired. 
Levvns and Grant found that in 8 of 31 cases of 
subacute bacterial endocarditis the infection 
started on an aortic valve that was congenitally 
bicuspid. In discussing these findings, Koletsky 
(1941a) stated that, as in a previously normal 
vahe, the congenitally bicuspid valve may be 
complicated by rheumatic inflammation. The ac- 
quired deformity of the anomalous valve may 
make the valv’e susceptible to a complicating 
bacterial infection. Hoagland (1950) made a 
study of anomalous semilunar valves that were 
observed at necropsy at the Mayo Clinic from 
1920 through 1943. They encountered 33 exam- 
ples of congenital bicuspid aortic valves, m 25 
of these, the patients were adults and 5 of the 
25 had complicating subacute bacterial endocar- 
ditis. Gelfman and Levine (1942) studied 453 
cases of congenital cardiovascular malformations, 
in 181 the patients were 2 years of age or older 


at the time of death. Approximately 29 per cent 
of the patients more than 2 years of age had a 
bicuspid aortic valve which was regarded as 
congenital in nature. Eighty per cent of these 
were not associated with other cardiovascular 
malformations. Bacterial endocarditis U’as en- 
countered in 30 of the 181 cases of all cardiac 
malformations in which the patients were 2 years 
of age or older. In 7 of the SO cases of bacterial 
endocarditis, the aortic valves were congenitally 
bicuspid. 

Bicuspid Pulmonary Valve 

bicuspid pulmonary valves may exist 
in a pulmonary orifice of normal caliber and 
may be the sole malformation in a given heart 
(Figure VI-10S<i), this condition is usually 
part of a serious form of cardiac malforma- 
tion. The most common malformation in asso- 
ciation with bicuspid pulmonary valve is the 
tetralogy of Fallot (Dilg, 1883). Koletsky 
(1941c) has stated that about one-third of 
the cases of bicuspid pulmonary valve are 
associated with the tetralogy of Fallot and, 
moreover, most hearts with the tetralogy of 
Fallot have a bicuspid pulmonary valve as 



Figure VI-108, a. Congenital bicuspid pulmonary valve guarding a nonnal- 
orifice. A raphe extends from llie naJl of the pulmonary trunk onto 
the posterior of the tsso cusps. Tliis was obsened incidentally in a heart with 
no other malformations, h. Quadriciispid aortic salse in which three of the 
cusps are of about eqiml Mze. Tl>c fourth, toward Uie right of the illustration, 
is nuhmenlary. c. Quadriaispid pulmonary’ Aalw, One of the CTisps is nidi- 
mentary. 
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Figure VI-109. Congerutal aortic stenosis of simple dome-shaped %'ariety 
{a, b, c) and of umcommissural dome-tjpe (d, e, f). a and d represent 
lateral viesvs of the valves, £» and e portray the appearance of the valve 
from above and c represents the valve after simulated valvulotomy. The 
two resulting flaps have no lateral attachment to the aortic wall. In / is 
shown the valve after simulated valvulotomy done opposite the single 
commissure. This results In two flaps that have no attachment to the 
lateral wall of the aorta opposite the beginrung of the single commissure. 


part of the malformation. Other malforma- 
Hons that may have an associated bicuspid 
pulmonary valve include complete transposi- 
tion of the great vessels and tricuspid atresia. 
In these conditions, however, the association 
of the valvular abnormality does not approach 
the high incidence seen in the tetralogy of 
FaUot. 

In Koletsky’s (1941c) analysis of data in 9 
patients wth bicuspid pulmonary valve, he found 
2 in whom this was the sole malformation. In 3 
it was associated with the tetralogy of FaUot, in 
I, with a ventricular septal defect, and in 1, with 
cor triloculare biatriatum and transposition of the 
great vessels. In 2 of the hearts bicuspid aortic 
valve was associated. The latter phenomenon, 
according to Koletsfcy, is rare, only 4 other such 
instances having been recorded. In an anal>sis 
of the malformations of the semilunar s-alves ob- 
served at the Mayo Clinic from 1920 through 
1943, Hoagland found in addition to the 33 
cases of bicuspid aortic valve, 7 of bicuspid pul- 
monary valve, 5 of qtiadricuspid aortic s’aivcs 
and 15 of quadricuspid pulmonary valves. Of 
the 7 cases of bicuspid pulmonary valve, 6 were 
associated with serious forms of congenital car- 
diac malformations, as follows: tetralogy of Fal- 
lot, 3 cases; complete transposition of the great 
vewels, 2 cases; and ventricular septal drfect. 


1 case. In the seventh case, the patient, an adult, 
also had a congenital bicuspid aortic valve. 

Quadrlcxispid Aortic ar\d Vuimonary 
Vriices 

Quadricuspid pulmonary’ valve, as indicated 
by the studies of Dilg (1883) and Hoaglimd, 
is at least 3 times as common as quadricuspid 
aortic, valve. The 4 cusps may he ot e<iual 
size; 1 of the cusps may be rudimentary' and 
the sizes of the other 3 appear equal and 
normal (Figure VI-108b); or all of the cusps 
may vary in size (Figure Vl-IOSe). UusalJy 
neither of these semilunar valvular malfor- 
mations is of functional significance, being 
discovered unexpectedly at necropsy. 

In 1883 Dilg found reports of 24 cases of 
quadricuspid pulmonary' valve and of only 9 in- 
stances of quadricuspid aortic \alve. He also en- 
countered 2 examples in which the pulmonary 
valve had 5 cusps and 1 case in which the aorb'e 
valve was similarly anomalous. Kissin (1036) 
reviewed 151 reported and 3 unreported quadri- 
cuspid pulmonary \ alves, and a case which he had 
obser%'ed. In his o«ti case, Kissin judged that 
the malformation had been responsible for pul- 
monary \'alvular incompetence, pulmonary regur* 
station was present also in 3 of the reported 
cases. 
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AORTIC STENOSIS 


Congenitally malformed aortic valves tend 
to become stenotic. Under some circum- 
stances the stenosis is an integral part of the 
malformation, under other circumstances, ste- 
nosis is acquired. Patients having congenital 
bicuspid aortic valves have a tendency to 
acquire calcific aortic stenosis. Often the 
manifestations of this secondary disease do 
not become apparent or ma)' not develop 
until adult life. 

Pathologic Anatomy 

When aortic stenosis occurs as an integral 
manifestation of congenital malformation of 
the aortic valve, the simplest anatomic form 
bears a close resemblance to the pulmonary 
valve when it is involved in congenital dome- 
shaped stenosis. Aortic stenosis of this type 
may be referred to as "simple dome-stenosis” 
(Figures VI-109fi, b and c and Vl-lIOn). A 


somewhat more complicated variety of dome- 
stenosis exists and may be called "unicommis- 
sural dome-stenosis” { Figure VI-109 d, e and 
f and Vl-llOb and c). In the latter, as the 
name implies, there is only 1 commissure in 
the acMiic valve (Edwards, 1958). 

Such a valve may be viewed as having but 1 
cusp which is so constructed as to give the orifice 
the shape of an exclamation mark. The narrow 
part of the orifice is at the single commissure 
while the widest part lies opposite the commis- 
sure. The single cusp may be said to start at the 
aortic wall at the commissure and then extend 
across the orifice without making contact with 
the aortic wall; it then turns on itself to make a 
second connection with the aortic wall and so to 
create (he single commissure (Figures Vl-IOPd, 
c and / and Vl-llOb and c). In both the simple 
and the umcommissural varieties of dome-stenosis 
of the aortic valve, the raphes attend from the 
aortic wall onto the aortic base of the deformed 



Figure VI-110. Congenital aortic stenosis, a. Simple dome-shaped aortic stenosis 
\iewed froni above. I’robe lies in the narrow aortic oriGcc. From a boy 2^4 years 
old. (From DuShanc and Edwards, 1954. Reproducer! with permission ) i> and c. 
Unicommissnra! aortic stenosis from a boy 3 years old. h. Tlic valve as %icw«l 
from above. Tlic commissure is at llie left. At the opposite wall, a valvulotomy has 
been done, prtxlnciiig two flaps which are not attached to llie lateral wall of the 
aorta, c. The aortic valve has been opencti flirougli the single commissure. The site 
of the valvulotomy is in the center of tlw illustration of the aortic valve. Beneath 
the valve, (he left ventnctilar endocatrfiuni shows conRlomerao endocardia? thicten- 
ing. Tliis may represent either pnnury tliickening of the endocardium or regurgitant 
lesions from the coexisting aortic insnfficiency. 
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leaflet. Althougli these raphes may be loohed 
upon as representing abortive commissures, they 
do not usually extend far from the base toward 
(he free edge of the valvular (issue. In this way 
the raphes constitute inadequate lateral supports 
for the vaKailar tissue to the aortic wall. 

The left ventricle is considerably hypertrophied 
and may have endocardial thickening. In some 
instances the endocardial thickening as well as 
the aortic stenosis may represent primary endo- 
cardial sclerosis. At other times the endocardial 
thickening of the left ventncle may be the result 
of dilatation of the failing left ventricle, incident 
to the aortic stenosis, or it may represent a series 
of regurgitant (jet) lesions resulting from coexist- 
ing insufficiency of the stenotic aortic valve. 

Incidence and Sex Dts(rihu(ion 
The exact incidence of congenital aortic ste- 
nosis as a primary condition is difficult to judge. 
In the fint place, some cases, especially those 
ocaimng in adolescents and adults, have been 
classified as representing acquired disease (Camp- 
bell and Kauntze, 1933). In the second place, in 
cases associated with endocardial sclerosis (Torp, 
1951) it IS often difficult to determine whether 
the aortic stenosis is simply an integral part of a 
pnmarv’ endocardial sclerosis or the endocardial 
sclerosis is secondary to a primary aortic stenosis. 
In the pathologic collection of more than 550 
specimens at the Mayo Clinic, 6 are thought to 
represent primary congenital aortic stenosis. In 
3 of these the lesion is of (he simple dome- 
shaped vanelv (2 of the cases were reported by 
DuShane and Edwards. 1954) and in the other 
3 it is of the unicommissural dome-sh.ipcd l>-pc. 
Tlie sex distribution slighth favors the male. 

rtinciional and Clinical Features 
(See reviews by Marquis and Log.an, 1955, 
and by Downing, 1936). Tlie priniar>' distiirlv 
ance in congenital aortic stenosis (as in the ac- 
quired type of stenosis) is obstruction to output 
of the left ventricle. Elevation of left ventricular 
pressure with a dillercnti.al in pressure lictwreii 
the left ventncle and the s>'5lemic arterial cir- 
culation is the essential ph>siologic means of 
determining the dLignosis. S>'mptoms of coronary 
instifflciency may also be evident, cspcaally in 
patients old enough to relate their sjouptoms. 

.\ortic insuffidenc)' probably coexists with con* 
genit.nl stenoMS, liocatise tlie congenit.nlIy stenotic 


aortic valve has essentially a freed orifice through- 
out the cardiac c)’cle. During diastole, differential 
in pressure between the aorta and left ventricle 
is greater than between the pulmonary artery and 
the light ventricle. As a result, tliere is greater 
likelihood tliat patients vdth aortic stenosis of the 
dome-shaped variety vdl] have significant aortic 
insufficiency than there is that patients with a 
similar deformity involving the pulmonary valve 
will have pulmonary insufficiency. The features of 
obstruction to left ventricular output may be du- 
plicated by subaortic stenosis which is an impor- 
tant condition to be considered in the differential 
diagnosis. Also, the rare primary constriction of 
the ascending aorta, so-called supravalvular oortic 
stenosis (Cheii et al., 1937), may jield clinical 
features indistinguishable from those of obstruc- 
tion at or below the aortic valve. In patients hav- 
ing severe aortic obstruction, the functional 
derangement may in jiart resemble that in aortic 
atresia in that a left-to-right shunt may occur 
through the foramen ovale (Brown, 1934). 

Complications and Frognosh 

The major complications of congenita! aortic 
stenosis are those of left ventricular failure and 
sudden death, the latter presumably from coro- 
nary insuffidency. The age at death is difficult 
to determine because of the tendency to regard 
aortic stenosis of adolescents and adults ns ac- 
quired. This erplains the opinion that, in general, 
congenital aortic stenosis probably is responsible 
for death during infancy and childhood more 
often than at older ages. The oldest patient watli 
congenital aortic stenosis, diagnosed by the au- 
thor from the patliologic specimen of the Mavo 
Clinic was a girl, 16 years of age. Campbell and 
Kauntze (1033) reported the occurrence in a 
girl 15 years of age, and in a hoy 11 years old. 
of a stenotic aortic valve that resembled the 
valve of congenital pulmonary stenosis. Kiloli’s 
(1950) report, de.nling with p.iticnls less than 
50 years of age who had aortic stenosis, implied 
that in some the disease may have licen con- 
genita). 

Surgical Correction 

Aortic valvulotomy m.ay relieve the aortic oh- 
struclion. Because of the n.iture of the valve, 
tills procedure may accentuate the coexisting 
aortic insnfiicicnc) (Marquis and Logan, 1955; 
Edvs'ards, 1938). 
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ENDOCARDIAL SCLEROSIS 


E ndocardial sclerosis is the term applied to 
fibrous thickening of the mural endocar* 
dium. Two basic forms are recognized: pri- 
mary and secondary. The secondary type is 
seen in chambers proximal to atretic or se- 
verely stenotic valves and in chambers that 
are dilated for any reason. Endocardial thick- 
ening is usually less severe in the secondary 
form than in the primary. Primary endocar- 
dial sclerosis may have no associated con- 
dition or may be associated with valvular 
stenosis which is thought to be part of the 
endocardial disease. 

Pathologic Anatomy 

Primary endocardial sclerosis has also been 
designated as “endomyocardial sclerosis” and 
“endocardial fibroelastosis.” (For reviews, sec 
Gross, 1941; Cosgrove and Kaump, 1946; 
Craig, 1949; Dennis ct al., 1953; Rosahn, 1955; 
Black-Schaffer, 1957). Tlie left ventricle is 
primarily involved. The mural endocardium 
is thickened, gray and glassy, and the promin- 
ences of the papillary muscles are indistinct. 
In some cases the endocardial thickening is 
restricted to the mural endocardium, while 
Olliers liave assodated thickening of one or 
more valves and stenosis of the orifices of 
these valves. W'hen tlie valves are in\'olved, it 


may be difficult or impossible to be certain 
of the classification. It may also be impossible 
to decide whether all of the endocardial 
changes occurred simultaneously and so repre- 
sent primary endocmdi.al sclerosis or wJiether 
the valvular changes occurred first and the 
thickening of the mural endocardium second- 
arily. 

In some cases, obviously thick endocardial 
tissue fuses with thickened and shortened chor- 
dae. Such changes are indicative of the primary 
type. The thickening of the endocardium is 
caused by heavy deposits of collagenous and 
ekistic tissue fibers (Figure Vl-IIIa, b and c). The 
histologic changes in the myocardium include 
dilatation of tlie myocardial sinusoids, focal cal- 
cification (Figure Vl-llld and e), and extension 
of the endocardial fibrous tissue into the sub- 
endocardial layers of the myocardium. Other 
nonspecific changes, such as “cloudy swelling,” 
vacuolization of the myocardial fibers and 
minor degrees of lymphocytic infiltration, have 
been described. Evidence of acute inflammation 
is not found. The left atrium usually show s 
changes similar to those in the left ventricle. 
Right sentricular ifi\’oIvement is usually not pres- 
ent without left-sided involvement. When 
present, left atrial or right ventricular endocar- 
dial sclerosis may l>e secondary to the effects 
of the primary changes in the left ventricle. In 
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Figure VI-111. TLe left \entncle in pnmary endocardial sclerosis (o-d. stained with VerhoefTs elastic 
tissue stain and counterstained with san Giesoo’s connectiie tissue \tam, El-iC. ) a. Thitlcning of mural 
endocardium with elastic tissue and collagen X 60 From a tluld IH years old with dilated pnmar)’ 
endocardial sclerosis. The heart is illustrated in Figure VI-1 13 b Marked thickening of endocardium by 
colbgen and elasbc tusue which esteod into the underling muscle. From a nessbam infant with tlie 
contracted t>'pe of pnmar> endocardial sclerosis. See d and c for other illustraboas in the same case. Xll. 
c. Focal mural thrombus showing thickened endocardium Other illustrations nf this ca.se in a and Figure 
VI-113. X45. d. Beneath the thickened eixlocardium arc prominent dilated m>ocardial sinusoids. See 
b and e for other illustrations of this case. e. Focal calcification in m>ocardium in a newborn infant with 
the contracted t>-pe of pnmary endocardial sclerosis. (Illustrations b, d and e are taken from a case of 
the contracted type of endocardial sclerosis obsened in the newborn by Drs. Louise Wiegenstein, S. Vs'. 
Lippincott and 11. D Chipps of Seattle, Washington. The illustrations were prepared and reproduced 
with their permission.) llematoxylm and eosin. X 143. 

many but not in all cases, the foramen os'ale js (Rogers et al., 1955). The lesion has been inter- 
sealed. preted as secondars' to concomitant mitral insuffi- 

In rare cases a peculiar locaLzation of fibrous denej-. W'hen the \-aKes are thickened, they are 

tissue in the left atnum just above the mitral vaUe composed of loose and dense collagenous and 

may cause obstruction in the lowermost part of elastic tissue fibers (Figure Vl-lllti, band c). The 

the atrium (supravalvular stenosis of left atrium) been compared to embryonic tissue. \'asculari 2 a- 
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tion, fibrosis and cellular infiltration which might 
indicate an inflammatory basis are usually not 
encountered. 

Depending on the appearance of the left 
ventricle, primary endocardial sclerosis may 
be subdivided into the dilated type and the 
contracted type. 

Dilated Type of Endocardial Sclerosis. As 
the name implies, the left ventricular wall 
is dilated and usually is noticeably h>’per* 
trophied as well (Figure VI-113). The cjir- 
diac weight may be 3 to 4 times normal for 
the age of the patient, the increase in weight 
being mainly on the basis of the left ven- 
tricular hypertrophy. Focal thrombi in vari- 
ous stages of organization may be adherent 
to the dilated wall of the left ventricle (Fig- 
ure VI-lllc). Some of the cases reported 
as examples of congenital idiopathic hypers 
trophy show the characteristic features of the 
dilated type of primary endocardial sclerosis 
(Kugel and Stolofi, 1933, Levine, 1934; Kugel, 
1939; Cosgrove and Kaump, 1946, Glynn and 
Reinhold, 1950) and should be so classified. 
The large dilated left ventricle with endo- 
cardial thickening, which is commonly seen 
when the left coronary artery arises from the 
pulmonary trunk (as in one of the cases of 
Craig, 1949), resembles the appearance of 
the left ventricle in the dilated type of pri- 
mary endocardial sclerosis. 

Contracted Type (Constrictive Endocar- 
dial Sclerosis). In the contracted type, the 
left ventricle is small, both in its absolute size 
and in relation to the size of the right ven- 
tricle. The right ventricle is dilated and 
greatly hypertrophied (Figure VI-U4fl and 
b). The disparity in size between the two 
ventricles makes the left appear as a mere 
appendage of the right. The left ventricular 
endocardium is diffusely thickened and may 
measure more than 1 mm. in thickness. It is 
pale gray and at times grossly resembles 
cartilage. The left atrium may be dilated and 
its endocardium may show a moderate degree 
of diffuse thickening. As in the dilated Ijiie, 
the valves may be normal or thickened. 

Incidence and Sc* Dhlrihulion 
In recent years, it has bccti claimed that endo- 


cardial sclerosis is commoner than was formerly 
thought Rosahn (1955) found only 4 cases 
among 269 necropsies on children less than 2 years 
of age. Among 54 necropsies on infants and chil- 
dren who had congenital cardiac disease, Lambert 
and associates (1953) found that the most fre- 
quent anomaly was complete transposition of the 
great vessels (20 cases) and that endocardial 
sclerosis was the next most common condition 
(15 cases). Among somewhat more than 550 
specimens in the pathologic collection of the 
Mayo Clinic there are 25 cases. In conditions like 
ventricular septal defect, patent ductus arteriosus 
.and aortic coarctation, secondary endocardial scle- 
rosis IS common and should not be interpreted as 
representing primary endocardial sclerosis. 

"The sex distribution is about equal, as judged 
from the compilation of 149 cases from the litera- 
ture by Dennis and associates (1953). Some of 
Dennis’ cases, however, had associated valvulai 
atresia and so are properly to be classified as sec- 
ondary endocardial sclerosis. 

Functional and Clinical Features 
The basic fimctionnl disturbance in primary 
endocardial sclerosis is restriction of left ventricu- 
lar function. By angiocardiographic studies, Linde 
and associates (J958) demonstrated that through- 
out the cardiac cycle the left ventricle does not 
change in size or contour. This phenomenon con- 
stitutes a barrier to left ventricular filling and so 
eanses an elevation of left atrial pressure- 
Witli respect to the contracted type, the sug- 



Rgiirc VI.II2. rhotomicrogrjpli of left vcnlriclo and 
aortic ralve in cmlocanlial sclerOMs of prim.iry type 
with coexhtent aortic stenosis. Tlic left xcntnailar 
mural cialocartlmni and aortic \alni).ir tissue are 
thickencti. (From a case siihniiltcd hy Dr. Frank I'. 

Elastic tiisiic stain. X 10. 
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Figure VI-113. Left ventricle in the dilated type of 
pnmary endocardial sclerosis. From a female infant 
years old. Photomicrogrraphs from this case appear 
in Figures Vl-llla and c. 


gestion was made, in 1946, to the author by 
Dr. H. D. Burchell that the thickened endocar- 
dium binds (constnels) the left ventricle in a 
relatively contracted state. In the dilnted type of 
endocardial sclerosis, the angiocardiogram (Free 
and Cassels, 1952) reveals delayed emptying of 
the left ventricle. The basis for this may be the 
thickening of the endocardium which pre\-enls 
complete emptying of the left ventricle during 
systole (Linde et al.. 1958). The residual blood 
volume, tlierefore, acts as an obstructive factor 
to the flow of a normal amount of blood into the 
left ventricle. 

In either type of primary endocardial sclerosis, 
there is strong evidence for elevation of left atrial 
pressure. E\en when not associated witli valvular 
disease, endocardial sclerosis causes functional 
changes in the pulmonary circulation similar to 
those seen in mitral stenosis. 

When mitral stenosis or insufficiency is asso- 
ciated with endocardial sclerosis, the secondary 
changes of pressure in the pulmonary circulation 
are not basically altered from tlie situation in 
w’hich vaK-ular disease is absent. In catheteriza- 
tion studies in endocardial sclerosis and mitral 
valvular disease, Mannheimer and associates 
(1952) and Max%vell and Young (1954) found 
elevation of pulmonary arterial wedge pressures. 
\\'hen aortic stenosis is associated with primary 
endocardial sclerosis, elevation of left atrial pres- 


sure is dependent on a combination of the pri- 
mary' effects of the endocardial sclerosis and, in 
addition, on any left ventricular failure that might 
result from the aortic valvular stenosis. Coronary 
insufRctency may be an additional feature in pa- 
tients having aortic stenosis. The elevation of pul- 
monary venous and capillary' pressure in ,all cases 
of primary endocardial sclerosis makes piilmonanj 
edema a constant possibility. 

The clinical features in cndocanlial sclerosis 
have been reviewed (Adams and Katz, 1952; 
Dlumberg and Lyon, 1952; Dennis el al., 1953; 
Lambert et al., 1953; Rosalin, 1955). The symp- 
toms are nonspecific and are similar to those in 
other forms of acyanotic congenital heart disease 
causing primary pulmonary venoits ohstmclion 
(cor triatriatum) and left ventricular failure, as 
for example, in ventricular septal defect, aortic 
coarctation, patent ductus arteriosus, anomalous 
origin of the left coronary artery from the pulmo- 
nary trunk, glycogen storage disease and inter- 
stitial myocarditis (Rosenbaum ct al,, 1953). 
Symiptoms are usually present in infants less than 
1 year of age. The findings often include poor 
feeding, failure to gain properly, dyspnea with- 
out cy’anosis, cardiac enlargement, absence of 
significant cardiac murmurs, and renirrent pul- 
monary edema and bronchopneumonia. If vahu- 
br disease is associated, the murmur of the par- 
tiailar valvular disease may be heard. 

Elcctrocardiographicollij \Mad and associates 
(1955) frequently found either left ventricular 
strain or right ventricular hypertrophy, and some- 
times both. Alterations of the P was’es were 
common, indicating either right or left atrial 
dilatation or hypertrophy. Complete heart block 
occurs occasionally (Stadler et al., 1930). 

Complications ami Prognosis 

The major complications are concerned with 
the consequences to the lesser circulation: pulmo- 
nary edema with or without complicating bron- 
chopneumonia, and right s’entricular failure. In 
cases of the dilated type, left ventricular mural 
thrombi may occur. These may ser%-e as foci from 
which systemic embolism occurs. Patients rarely 
survive to childhood. 

In recent yean the cbim has been made that 
this condition is seen in adult life. Relatively mild 
left ventricular endocardial sclerosis in adult life 
is probably acquired and secondary to cardiac 
failure, at times from chronic myocarditis. The 
author doubts that a congenital form exists in 
adults; if it does exist, it is probably mild and 
not likely to be responsible for cardiac failure. 
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Figure Vl-ll-i. The contracJcd type of ptunary endocaixlial sclerosis (constrictiic endo- 
cardial sclerosis) in a boy 5 >cars of age sslio died of congestive cardiac failure, a. The 
left side of the heart. The endocanliittn of the left ventricle is tliickcned and fraheciilatcd. 
The left atrium is dilated. The mitral \alve is normal, b. The right ventricle. Markcrl 
dilatation and li} perfrophy. Tins illustration is miciced to a greater extent than a. c. Small 
intrapulmonary artery showing mwlial hypertrophy and inttmal fibrosis. (El-v^; X340.) 
d. Lung. The ahcolar walls arc tliiden^ mainlj’ on the basis of capill.tiy engorgcinent. 
Prominent fibers of clastic tissue arc in the alveolar walls. Intr.i-alvcolar lieinosidcrin- 
l.iden ma^opliages. (EI-vC, X 140.) 
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Developmental Basts 

Rosahn (1955) comprehensively reviewed the 
vanous theories for the de%’e!opmental basis of 
endocardial sclerosis. Although fetal endocarditis 
was at one time the most widely held theory, Iw* 


agrees with Cross (3941) that supportive eW- 
dence for this belief is lacking. He rejected 
theories concerned with maternal infection, 
mechanical factors, collagen disease, anoxia and 
improper development of the bulbtis cordis. He 
favored a genetic basis for endocardial sclerosis. 


ABSENCE OR DEFECT OF PERICARDIUM 


The subject of congenital pcricsirdial de* 
feet was reviewed by Sunderland and Wright- 
Smitli (1944). Tlie pericardium may be en- 
tirely absent or only a portion of it may be 
involved in the defect. \Mien a portion of 
the pericardium is defective, the defect usu- 
ally lies on the left side, ^^'hcn the entire 
pericardium is absent, the heart and left lung 
lie in the same serous cavity. 


Usually no symptoms result from this mal- 
formation hut, til rare cases, strangulation of all 
or a portion of the heart may o«rur. In one 
instance (Sunderland and Wrighl-Smith) the left 
ventricle hemwted through a defect, resulting in 
strangiibtion which was thought to be the cause 
of dcalb. A similar condition was reported by 
Roxall ( ISSO). In a specimen seen by the author 
(Edvsards. 3954), the pericardium was defective 
on the nghl side and a portion of the right ven- 



Figure Epicardial ejsts. a. Anterior 

Mcsv of heart and lungs from a stillborn female 
infant showing an qjiicardial cyst at lowermost 
aspect fit intersenlncsilaT sulcus, h Sagittal sec- 
tion of heart and cyst shown in a The cyst is 
unilocular, c. Anterior aspect of licart and on- 
gin of great sessels from a 37-> ear-old man smth 
a mulblocular epicardial cyst related to the 
ascending aorta. 




MALFORMATIONS OF ENDOCARDIUM 


423 


tricle had herniated through it. In a report of vie\ved the surgical anatomy of the phrenic nerve 
absence of the pericardium, Shafiroff (1951) re- in this condition. 

CYST AND DIVERTICULUM OF PERICARDIUM 


The subject of cysts and diverticula of the 
parietal pericardium was extensively re- 
viewed by Lillie and associates (1950). fte- 
sumably, congenital solitary lesions occur in 
relation to the pericardium. These usually are 
asymptomatic and are discovered accidentally 
on roentgenographic examination of the tho- 
rax. The lesions most commonly occur in tlie 
oardiophrenic angle, more commonly on the 
right than on the left side. Some are simply 
diverticula of the pericardium and, there- 
fore, communicate A^’ith the pericardial cavity 
(Bishop et al, 1950). In other instances, soli- 
tary multilocular cysts contain clear watery 
material. The cysts are lined by a single layer 
of flat cells. Lillie and associates thought 


that such cysts and diverticula are develop- 
mentally related and represent persistence of 
the ventral parietal recess of the pericardium. 

The lesions are benign and usually do not pro- 
duce symptoms. When they are encountered sur- 
gically, removal is relatively simple. 

Even more uncommon than cysts related to 
the parietal pericardium are cysts of the epicar- 
dium. The author has observed in a stillborn 
infant, a unilocular cyst that involved the lower- 
most portion of the epicardium in relation to the 
interventricular sulcus (Figure VI-II5a). In an- 
other instance, a 37-year-Qld man had a multi- 
locular cyst attached to the visceral pericar- 
dium overlying the ascending aorta (Figure VI- 
1156). 
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ANOMALOUS ORIGIN OF CORONARY ARTERIES 


A NOMALOUs ORIGIN of the coronary arteries 
XX iTiay be divided into two categories. In 
the first, the coronary arterial supply is de- 
rlt'ed exolusit'ely from the aorta but the origin 
deviates from the normal pattern. In the sec- 
ond group, one or both of the coronary ar- 
teries arise from the pulmonary trunk, “nie 
clinical features and functional characteristics 
of the two groups are profoundly diEerenl. 

Anomalotrs Origin of Coronary Arteries 
from Aorta 

SINCEE CORONARY ARTERY 

According to Krumbhaar and Ehrich 
(1938) and Roberts and Loube (1947), who 
reviewed the subject, HyrtI set the criterion 
for a true single coronary artery by stipulat- 
ing that the entire heart must be supplied by 
one coronary artery from which no conspicu- 
ous anomalous branches arise. Instances in 
which the usual 3 coronary arteries are 
present with only 1 coronary ostium in the 
aorta would then not be regarded as true 
examples of a single coronary artery. Xrurob- 
haar and Elu-ich stated that the classification 
of single coronary artery should include ves- 
sels ^\’hich have a single coronary ostium in 

1425 ] 


the aorta, as well as those which fulfill the 
postulate of HyrtI. The report of Roberts and 
Loube covers an analysis of 31 cases of single 
coronary artery, including 9 cases of their 
own. 

In addition to the type of single coronary artery 
which meets the stipulation of HyrtI, there are 
2 other patterns. In one, the single coronary artery 
gives rise to the right and left coronary arteries 
from which, in turn, the standard branches arise. 
The other pattern has a dimple at the expected 
location of the ostium of the absent coron.iry 
artery, and a small twig lies in the expected loca- 
tion of the absent artery. Collateral connections 
are present between the single artery and the 
branches of the hypoplastic twig. The branches of 
this small vessel are larger than the vessel itself. 
Such a case is probably one in uhicli the 2 coro- 
nary arteries had formed normally hut in wliich 
the ostium of one had become obliterated during 
fetal life. Collateral connections betw'ccn rami- 
fications of the 2 arteries are responsible for blood 
flow to the branches of the "ahsent" \essel. The 
latter type of pattern was obsers’Ccl 7 times among 
the 31 cases analyzed by Roberts and Loube. In 
5 cases the left artery was the vessel without an 
aortic ostium. An essentially similar case, re- 
ported in 1948 by Reindcll and Hamasch, had no 
left coronarj' ostium and no dimple at the cx- 
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Figure VI-116. Biirchell's ca»e of Mngle coronary arltrry in an adult, (lllus* 
(rations prepared by Dr H B. Biirchcll and reproduced Midi his permission.) 


peeled origin in the aorta. The right sessel n’as 
the single artery. 

In an occasional case of anatomic tetralogy of 
Fallot, the author has obsened a somewhat simi- 
lar arrangement in which the ostium of 1 of the 
2 coronary arteries, tliough present, was stenotic. 
Reference has been made (page 322. Figure VI- 
49) to the large collateral vessels that may cross 
the outflow tract of the right venlncle m such 
cases. 

Knop and Bennett (1944) reported an instance 
of a single coronary artery arising from the right 
aortic sinus in a male infant aged 5 days. In 
Figure VI-116 is illustrated a case of single coro- 
nary artery which was abser\ed by Dr. H. B. 
Burchell in the Department of Pathology of the 
Universit)' of Toronto in 1934. This was an in- 
cidental finding in a male adult. The single coro- 
nary artery arose from the right aortic sinus, and 
shortly after its origin gave rise to a branch which 
entered the ventricular septum. Seven of the 31 
cases of Roberts and Loube also had other anom- 
alies of the heart. 

A single coronary artery witliout other cardiac 
malformations is a pathologic entity. Its func- 
lional significance is usually negligible unless it 


IS associated inth serious acquired occhisii'e dis- 
ease. In these circumstances, occlusion of the 
single artery would obviously be hazardous to the 
patient. With the report of a case of a single 
coronary artery by WTiite and Edwards (1948), 
the number of reported instances of adults witli 
this entity was brought up to 28. In 4 of these, 
myocardial infarction had developed. Under rare 
circumstances part or all of the coronary arterial 
sy’stem arises from the innominate artery (Bland 
et al . 1933). In cases reported by Trevor (1912) 
and Cree (1956), the coronary arterial supply 
arose as a single branch from the innominate ar- 
tery, mitral atresia, a single ventricle, and per- 
sistent truncus arteriosus were also present. 

ORIGIN' OF LEFT CIRCUMFLEX ARTERY FROM 
RIGHT CXJRO.VARY ARTERY 

More common than single coronary artery', 
and perhaps tJie most common malformation 
of the coronary' arteries, is origin of tlie left 
circumflet coronary artery from the right 
cOTonary artery'. The anomalous artery* arises 
Rom the proximal part of the right artery 
and passes behind the aorta to reach the left 
atrioventricular sulcus. It then follows tlie 
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usual course of this vessel. The artery arising 
from the left aortic sinus is the anterior de- 
scending coronary artery (Antopol and Ku- 
gel, 1933). In a study of 600 hearts from men. 
White and Edwards (1948) found this pat- 
tern in 2 cases. At times the right and left 
coronary arteries ma>' arise from the same 
sinus of the aorta. The left circumflex and 
the anterior descending coronary artery may 
arise independently from the left aortic sinus, 
no common trunk of the left coronary artery 
being present. 

Anomalous Origin of One or Both 
Coronary Arteries from 
Ptdmonary Trunk 

Origin of Both Coronary Arteries from 
Pulmonary Trunk is rare. 

Tedeschi and Helpern (1934) and Alexander 
and Griffith ( 1956) each reported an instance in 
which both coronary arteries arose from the pul- 
monary trunk, unassociated with any other mal- 
formation. Tedeschi and Helpern quoted 4 other 
cases from the liteiature, 1 of which resembled 
their case, in the other 3, the hearts had addi- 
tional serious malformations. Cases with origin of 
both coronary arteries from the pulmonary trunk 
have also been reported in association with the 
anatomic tetralogy of Fallot (Williams ct al., 
1951). 

Usually, only one coronary artery takes anom- 
alous origin from the pulmonary tnink, and 


the heart is otherwise normally developed. The 
left arises anomalously more commonly than does 
the right in a ratio of about 10 to 1 (Soloff, 1942, 
Kaunitz, 1947). 

PATHOLOGIC ANATOMY 

The anomalous artery arises from either the 
right or left pulmonary sinus, and then fol- 
lows a normal course. The vessel has the his- 
tologic appearance of an artery although its 
media is relatively thin. Its lumen is either of 
normal caliber or dilated. The artery which 
arises from the aorta and its epicardial and 
myocardial branches may be wide and tortu- 
ous. Connections between the arteries may 
be demonstrated. 

Dutra (1950) reported the rare occurrence of 
origin of a left coronary artery from the right 
pulmonary artery. The patient died at the age 
of 5 months, with evidence of myocardial ische- 
mia in the region of the heart supplied by the 
anomalous vessel. 

When tile right coronary artery arises from the 
pulmonary trunk, the myocardium is usually 
normal. In anomalous origin of the left coronary 
artery, the myocardium may be normal, or may 
show acute or healed infarction comparable to 
infarction resulting from atherosclerotic coronary 
disease. Rupture of the left ventricle \vas ob- 
sen'ed by McKinley and associates (1951) in a 
6-week-old child m whom the left coronary artery 
arose from the pulmonary trunk. 



Figure VI-117. Anomalous origin of the antenor dc^<.cm\lng Lwon.iry artery from the pulmo- 
nary trunk. From a 37-year-old man who died of acute coronary in'uHiciency. a. Right ven- 
tricle ( n t'.) and pulmonary trunk The anterior dc>ccnding coronarj- artery (A.D.) arises from 
the pulmonary tnmk. h Left vcnlncle (L.V.) and aorta. Tin* right coronary (R C.) artery .tml 
llic kft cirniinllev coronary artery' (L.C.) ari»o from tlw aorta altoxc the right aortic siniu. 
Except for the anomalous origin cj the anterior descending coronary artery, the patient showed 
no oilier coron.iry arterial disease to evpiji'n the awitc coronary insufficiency. 
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INCroCNCE AND SEX DISminUTlOV 

Denko and Hagerty (1953) indicated tliat only 
52 cases of this condition had previously been 
reported. The pathologic collection of more than 
550 specimens with congenital cardiac malforma- 
tions in the Mayo Clinic contains 3 hearts with 
anomalous origin of a coronary artery from the 
pulmonar}’ trunk (Figure VI-117). 

FUXCTIOV\L AND CLINICAL FEATUnES AX'D 
PROGNOSIS 

The explanation of myocardial ischemia, in 
anomalous origin of a coronary arterj’ from the 
pulmonary tnmk, has been disputed. Many have 
taught that it resulted from perfusion under low 
pressure of the myocardium by \’enous blood from 
the pulmonary trunk. The author (Edwards, 
1958) has reviewed the basis for a contrary 
view, first suggested by Brooks m 1885 and sup- 
ported by Abbott in 1927, which holds that the 
blood in the anomalous artery flows not from the 
pulmonary tnmk but to the pulmonaiy tnmk. 
The blood is derived from that coronary artery 
which anses from the aorta. The ischemia, there- 
fore, results from an arteriovenous t>pe of commu- 
nication in the myocardium (Figure VI-118). The 
major support for this view comes from perfusion 
obsers’ations in postmortem specimens (Kittle 


et ah, 1955; Case el al., 1958) and from the 
obserx^tion that, in the living anomalous arter)', 
arterial-type blood flows toward the pulmonar)' 
trunk (Apley et al., 1957). 

The clinical picture has been reviewctl (Bland 
cl al., 1933; Soloff, 1942; Eidlow and Mackenzie, 
1946; Lyon ct al., 1946; Kaunilz, 1947; Gasiil 
and Loeffler, 1949), About hvo-tliirds of patients 
whose left coronary artery arises from the pulmo- 
nary tnmk die of the malformation during the 
first year of life. Usually symptoms do not ap- 
pear before 3 months of age. Sometimes the pa- 
tient has apparent discomfort (thought to be 
angina pectoris) during exertion, as while feed- 
ing. 

TJie electrocardiogram may show* changes 
typical of myocardial ischemia, or may have 
changes that are tlifficult or impossible to dis- 
tinguish from those of endocartlial sclerosis or 
other causes of left ventricular h>pertrophy with 
heart failure. Patients with anomalous origin of 
the left coronar}’ artery from the pulmonary' 
tnmk, who survive to adult life, may he un- 
affected by the malformation, or die from coro- 
nary insufficiency during relatively early adult life 
(Couley, 1950; Figure VM17). 

Anomalous origin of the right coronary artery 
from the pulmonary’ trunk seems to he n herugn 
condition (Jordan et ol., 1950). 


ANOMALOUS COMMUNICATION OF CORONARY ARTERIES 
WITH A CARDIAC CHAMBER, PULMONARY TRUNK OR 
CARDIAC VEIN; ^XONGENITAL ANEURYSM” 


Voices formal 

Rarely, when both coronaiy arteries arise 
from the aorta and the cardiac x’alves are 
normal, a main coronary' artery’ or a branch 
may communicate with a cardiac <diamber, 
the pulmonary’ trunk or a cardiac vein. 

The vessel m.iy communicate either by a sin- 
gle or b>’ multiple openings with a cardiac vein 
(Emminger, 1947), the coronary’ sinus (Halpert, 
1930; Nagayo and Takahashi, 1932; Paul et al., 
1949; Das’ison et al., 1955), the right atrium 
(Figure VI-119; Harris, 1937; Colbeck and Shaw, 
1954; Valdivia ci al., 1957; Edwards et <iL, 
1958), the right ventricle (Trevor, 1912; Brown 
and Burnett, 1949; Espino Vela et al., 1951; 
Davis et al., 1936), left \entricle (Reid, 1922; 
Lovitt and Lutz, 1954), the left atrium (Mozen, 
1956), or the pulmonary trunk (Figure ^^-120; 


Krause, 1865; Brooks, Case 2, 18S3; Biorck and 
Crafoord, 1947; Scott, 1948; B.vylis and Camp- 
bell, 1952). Such a communication simulates or 
functions as an arteriovenous fistula (Edwards, 
1938). As in other arteriovenous fistulas, the 
artery leading to the abnormal communication is 
enlarged. It may be tortuous and show one or 
more saccular aneurysms. Branches of vessels 
not directly involved in the anomalous communi- 
cation may be enlarged since they cany’ blood to 
the low pressure area. 

In several cases in which one or both coronary 
arteries communicated vsith the pulmonary trunk, 
enlarged mediastinal arteries connected with 
those coronary vessels tildng part in the anoma- 
lous pathw’ay (Brooks, 1883, Biorck and Crafoord, 
1947), When both coronary arteries arise from 
the aoita, and branches of one or both connect 
with the pulmonary trunk, the abnormal opening 
in the pulmonary trunk is usually single, and the 
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Figure VI.U8. Diagraminatic representation of cit* 
dilation in anomalous origin of the left coronary artery 
from the pulmonary trunC, Blood in the right coronary 
artery which is dcnved from tlie aorta is shunted to 
the anomalously arising left coronary artery by way 
of anastomoses between the two coronary attenes. 
From the left coronary artery blood is debvered to llie 
pulmonary trunk (P.T.). The artenovenouslike com- 
munication is thouglit to be responsible for the coro- 
nary insufRciency evident in cases of anomalous origin 
of a coronary artery from the pulmonary trunk. 


vessel making the communication has at times 
been called an “accessory coronary artery'.'’ 

The aneurysms which form in coronary arteries 
taking part in abnormal communications of the 
types under discussion have been called “con- 
genital aneurysms." These are probably not pri- 
mary aneurysms but rather are secondary to the 
effects of generalizerl dilatation of the in\’oIvcd 
artery. In spite of their secondary nature, some- 
times these aneurysms are reported as represent- 
ing a primary’ condition while the underlying 
arlerio\enous-]]ke communjc.'ition receives only 
passing attention. The aneurysms may attain large 
proportions and may show secondary calcification 
in their w-alls and mural thrombi in their lumen. 
The calcification may be e%itlcnt in the clinical 
roentgenogram (Colbcck and Shaw, 1954). 


FUNCTIONAL AND CLINICAL FEATUHES 
The primary functional disturbance of the 
communication under discussion is the result 
of ninofE of blood from the coronary arterial 
system. As in arteriovenous fistulas elsewhere 
in the body, the portion of the heart supplied 
by the vessel beyond the communication are 


s.v c 




Kgure VI-119. Anomalous communication of the 
ngbt coronar)’ artery uith the right atrium in a 
woman 48 years old. (Edwards and as'oeiates, 1938. 
Reproduced \rith permission.) a Schematic por- 
trayal of the antenor aspect of the heart and the 
piovimal portion of the nght coronary artery. Origi- 
nating from the wide right coronary’ artery is a brand) 
which becomes aneurysmal and communicates with 
the right atrium. Beyond the oripn of the latter 
branch, tlie right coronary artery’ has a normal course 
and normal caliber. S.t'.C. imbeates superior sena 
cava; P.A., pulmonary artery; Z. C.A., Je/t coTonary- 
artery, b. Sebemalic portrayal of base of lieart show- 
ing tlie coinmtinicafion of an aneurysmal branch of 
the right coronary artery with rigbl atrial chamber. 
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Figure VI-120 Anomalous eominurucation of the hvo 
coronary artene^ «ith pulmonary trunk. In tins con- 
dition botli coronary arteries arise from the aorta, 
but one or both connect with the pulmonary trunk 
Tlie opening of the pulmonary trunk may be regarded 
as an accessory coronary artery. By virtue of the low 
resistance of the pulmonary system, flow of coronary 
blood IS directed toward this anomalous commuiuca- 
bon. Joining the coronary arterial s>-stem may be 
vessels derived from the mediastinum which in effect 
are collaterals to the coronary system. 


ischemic, and the patient may suffer from 
coronary insufficiency. 

If the vessel ci/mmunicates wtUi a cardiac 
chamber on the right side, a cardiac vein or the 
pulmonary trunk, cardiac catheterization may de- 
tect abnormally high o^gen concentration of the 
blood in the structure receiving the coronary' 
artery (Davison et al., 1955). When the vessel 
communicates with a left-sided cardiac chamber, 
there is runoff of coronary arterial blood, but no 
abnormality in oxygen saturation is detectable 
when the right side of the heart and the pulmo- 
nary arteries are catheterized. Betrograde aor- 
tography may demonstrate the communication 
(Casui el al., 1957; Morrow, 1957). 

^^'hen the abnormal communication is into any 


of the structures named except the left ventricle, 
a conbnuous rauimur is often heard. Because of 
this feature, many of the reported cases had been 
clinically diagnosed as patent ductus arteriosus. 
Other conditions that must be considered in the 
differential diagnosis are rupture of an aneurysm 
of the aortic sinus into the right atrium or ventri- 
cle, ventricular septal defect Nvith aortic insufii- 
ciency, and arteriovenous communication involv- 
ing \csse!s of the thoracic cage, the subclavian or 
internal mammary vessels (Edwards et al., 1958) . 

COMPLICATIONS AND PROGNOSIS 
Some patients seem to suffer little from the 
effects of the abnormal communication, probably 
because they have only a small opening. The 
symptoms arise from 1 of 3 main complications 
(Edwards et al., 1958); (1) congestive cardiac 
failure, (2) coronary’ insufficiency, and (3) intra- 
s-ascular bacterial infection developing in relation 
to the abnormal communication. In most re- 
ported cases, the patients lived to adult life; oc- 
casionally death may occur in infancy or child- 
hood. 



Figure VI-121. Origin of a vessel from right ventricle 
in a case of pulmonary atressia vvitli intact ventricular 
septum and functioning tricuspid valve. Tlie vessel 
arising from the right ventricle represents coalescence 
of right ventnciilar sinusoids. After emerging into 
the epicardium, this vessel m.-ikes commuiucation with 
the normal coronary arteries. A similar situation may 
fKcor on the left side when tlie aortic valve is atretic, 
the ventricular sephim is intact and the mitral valve 
functions as a competent v'alve. 
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SXTRGICAL THERAPY 

Surgical treatment consists of obliterating the 
abnormal communication (Biorck and Crafoord, 
1947; Davis et at., 1956, Mozen, 1956). 

DEVELOPMENTAL BASIS 

From the developmental analysis of the 
coronary vascular system made by Grant 
(1926a), it is apparent that in the early stages 
of cardiac development the myocardium is 
nourished by blood which is brought to it 
through wide intertrabecular spaces. These 
exist in the myocardium and are continuous 
with the cardiac chambers. Later, the coro- 
nary veins and the coronary arteries develop 
and connect with the epicardial aspects of 
the intertrabecular spaces. Following this 
phase, the growth of the m)'ocardium causes 
reduction of the size of the intertrabecular 
spaces to that of the caliber of capillaries. The 
intertrabecular spaces, however, maintain 
communication with the cardiac chambers 
and, therefore, represent in the adult the nor- 
mal small communications that exist between 
the coronary arteries and the cardiac cham- 
bers. 


In a case reported by the author and his asso- 
ciates (1958), the communication between the 
right coronary artery and the right atrium was 
regarded as a normal connection. The abnormal- 
ity resides not in a connection between the 
coronary artery and the atrial cavity, but rather 
in the large size of the connection. Normally the 
communications should have been reduced to 
microscopic size A similar view was expressed 
by Grant (19266) concerning the abnormal com- 
munication between a coronary arter}- and a 
cardiac ventricle in a case previously reported by 
Wilson and Grant (1925-26). 

Atresia of a Semilunar Valve 

In the presence of an intact ventricular 
septum, atresia of a semilunar valve and a 
competent corresponding atrioventricular 
valve, myocardial sinusoids leading from the 
ventricle behind the atretic valve converge to 
form a single vessel which emerges into the 
epicardium. There the anomalous vessel joins 
branches of one or both coronary arteries 
(Williams et ol., 1951; Alexander and Green, 
1952, Figure VI-121). The effects of the 
valvular atresia dominate the functional de- 
rangement. 


ANOMALIES OF THE CORONARY SINUS 


Dilatation of Coronary Sinus 
This is usually associated with a persistent 
left superior vena cava. Tlie condition is of 
no functional consequence, since blood from 
the left innominate vein is carried to the right 
atrium by way of the connection of the per- 
sistent left superior vena cava with the coro- 
nary’ sinus. 

Atresia of Right Atrial Ostium of 
Coronary Sinus 

Atresia of the right atrial ostium of the 
coronary sinus is to be distinguished from 
absence of the coronaiy’ sinus which occurs 
when a persistent left superior vena cavj 
connects cither with the left atrium or. mote 
commonly, with the left aspect of a common 
atrium as in cor hiloculare. Tlie tenn atresia 
of the right atrial ostium of the coronary sintts 
is reserved for cases in which the coronary’ 


sinus exists but its opening into the right 
atrium is sealed. The coronary sinus may then 
connect unth a persistent left superior vena 
cava which, in the lower cervical region, makes 
a cross-connection with the right innominate 
vein, thus allowing cardiac venous blood to 
ascend along the left superior vena cava 
and then to be carried into the right atrium 
through the right superior vena cava (Grant, 
1917; Harris ct ah, 1927). 

Even when a left superior vena cava is per- 
sistent, the size of this I’ein maj' be so narrow 
that it constitutes an ineffective channel. Under 
these circumstances, and in the absence of a left 
superior \ena ca\-a, blood from the coronaiy 
sinus is carried into tfie atrf.i iiy means of en- 
larged thel>esi.in veins. Ficldstciii and Pick 
(1942) reported a c.isc of the blfer type and 
reviewed 5 other cases in the literature. Atresia 
of the right atrial ostium of the conmaiy sinus 
may occur as an isolated lesion, although more 
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TABLE VI-3 

Cardiac Malformation or Persistent Left Superior 
Vena Cas-a in 9 Cases of Atresia of Right 
Atrial Ostium of Coronary Sinus 


Case No 

Associated Malformalion 

Persistent 

Left 

Superior 

Vena 

Cava 

1 

1 Atrial septal defect 

0 

2 

None 

0 

3 

Cor triloculare faiatnahim 

+ 

4 

Persistent common atrioven- 
tricular canal 

0 

5 

Persistent common alnovcn- 
tncular canal 

0 

6 

Persistent common atnoven- 
tricular canal 

+ 

7 

Ebstein's malformation 

+ 

8 

Tricuspid atresia 

0 

9 

Ventricular septal defect and 
pulmonary stenosis 

0 


commonly, in the author’s expenence, other car- 
diac malformations are associated uith it In 
only 1 of the 9 cases of atresia of the right atrial 
ostium of the coronary sinus uhich the author 
obserx'ed in the pathologic collection of the Mayo 
Clinic was there no associated malformation. Data 
on this case and the remaining eight are tabu- 
lated in Table VI-3, wlh the associated mal- 
formabons and whether a left superior vena cava 
existed. 

The basis for abesia of the right atrial osimni 
of the coronary sinus is not explained, though 
the usual association of a venous malformation is 


an indication that tlic condition is cstablislicd dur- 
ing intra-uterinc life. Grant (1917) slated that 
the right atrial ostium of the coronary sinus prob- 
ably doses at a lime after the transverse branch 
between the superior venae cavae has been es- 
tablished. According to Grant, Hutton suggested 
lliat the basic cause for the atresia might be a 
targe thebesian vaU e. In the presence of elevated 
right atna! pressure, the valve might be pressed 
into a dosed position. With the connection be- 
tween the superior venae cavae established, this 
closure causes no functional disturbance since 
the coronary blood would have an avenue of exit 
through the superior caval system. Secondary fu- 
sion of the enlarged thebesian valve with the wall 
of the nght atrium might then follow. 

Anomafoiis Communication beficeen CoronafV 
Sinui and Left Atrium 

The subject of unusually large communication 
of the coronary sinus with the left atrium has 
been discussed under Interatrial Communications 
fpage 275). since the functional derangements 
resemble those in atrial septal defect. 

The developmental basis may depend on anom- 
alous pulmonary venous connection to the 
pnmordta of the left superior vena cava from 
which the coronary sinus is derived. Tliis condi- 
tion may result from communication with the left 
supenor vena cava of that part of the pulmonary 
venous system that becomes incorporated with 
the left alnum. Some support of this concept 
comes from clinical cases, like that of Manldn 
and Burchell (1953), in which catheterization 
studies show evidence both of anomalous pul- 
monary venous connection with the left superior 
vena cava and of communication of the left 
atnum with the coronary' sinus. 
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Congenital Malformations 
G. Aneurysms of the Aortic Sinuses (Valsalva) 

Jesse E. Edwards 


ANEURYSMS OF THE aortic sinuses may be 
,/x congenital or acquired. Those that are 
acquired result principally from bacterial en- 
docarditis, and congenital aneurysms may be- 
come complicated by bacterial endocarditis 
(Jones and Langley, 1949). Thus, it is some- 
times difficult to classify the underlying na- 
ture of the condition. 

Pathologic Anatomy 

Congenital aneurysms of the aortic sinuses 
usually are single Micks (1940) reported on 
aneurysmal dilatation of the aortic sinuses. 
They represent a deficiency between the 
aortic media and the annulus fibrosus of the 
aortic valve (Edwards et al, 1956). The two 
sinuses that most commonly are involved are 
the right and the posterior (noncoronary), 
but predominantly the right. The chamber in 
which an aneurysm of the aortic sinus will 
present depends on the relationship of the in- 
volved part of the sinus to other cardiac struc- 
tures. Details of these were given by Ed- 
wards and Burchell (1957). Aneurysms of 
the right aortic sinus most commonly present 
in the outflow tract of the right ventricle, 
rarely in the right atrium (Oram and East, 
1955, Figure VI'122). Aneurysms of the pos- 
terior aortic sinus present in the septal wall 
of tile right atrium above the tricuspid valve. 

Aneurysms classified as congenital probably 
are not present at birth but seem to develop 
at a congenitally weak portion at the junction 
of the heart and the aorta (Venning, 1S31). 
When an aneurj’sm occurs in the right aortic 
sinus, a ventricular septal defect is commonly 
present immediately subjacent to the aneu- 
rysm. 

Aneurysms restricted to the left aortic sinus 


are rare. Oram and East (1955) have credited 
Higgins (1934) with reporting an aneurysm of 
the left aortic sinus which ruptured into the right 
atrium. Herson and Symons (1946) interpreted 
Macleod's (1944) case similarly. Review of 
these 2 reports makes it doubtful that they were 
correctly interpreted. The use of different ter- 
minology for the aortic sinus from that employed 
at present makes an exact interpretation impos- 
sible. Nevertheless, it is probable that both in 
Higgins' and Macleod’s cases the aneurysms origi- 
nated in the posterior (noncoronary) aortic sinus. 
In the case reported by Raman and Menon 
(1949), a 29-year-old man had aneurysms of the 
right and left aortic sinuses. Neither aneurysm 
had ruptured. The aneurysm of the left sinus pre- 
sented in the cpicardium medial to the left auric- 
ular appendage. 

In arachnodactyly (Marfan’s syndrome), dila- 
tation of the 3 aortic sinuses may be demon- 
strated by aortography (Steinberg and Geller, 
1955). 

Incidence 

The lesion is uncommon. In 1949 Jones and 
Langley, reviewing literature and their own ma- 
terial, found only 25 cases. 

Functional and Clinical Features and 
Prognosis 

Rupture of the aneurysm usually causes a 
fistula with a left-to-right shunt between the 
aorta and the right ventricle or right atrium. 
Rupture usually occurs in adult life, commonly 
in the third and fourth decades. 

In the clinical case of Fowler and Beril 
(1931), a 4'year-old girl was alive 10 months 
after evidence of rupture of an aortic sinus aneu- 
Warthen’s (1049) case of ruptured aneu- 
rysm of the right aortic sinus was unusual in that 
the aneuiysm burrowed doumward in the ven- 
tricnhr septum and then communicated rvith the 
left ventricle. The resulting clinical picture re- 
sembled aortic vab-ular insufficiency. In tlie case 
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DUCTUS ARTERIOSUS 

T he ductus artehiosus * is of clinical sig- ductus of the fetus shows intimal ridges which 
nificance under one of three conditions: normally set the stage for eventual anatomic 
(i) if it is associated with other cardiovas- closure (Swensson, 1939, Jager and U'ollen- 
cular malformations; (2) if it takes part in man, 1942). At the time of birth and shortly 
the formation of a vascular ring that inter- thereafter, the normal closing ductus has a 
feres %vith the function of either the trachea cordlite structure. Its media contains micro- 
or the esophagus; or (3) if, in the absence cysts of mucoid material and eccentric pro- 
of other cardiovascular malformations, it re- liferahon of muscle, while the intima is tliick 
mains patent. Patency of the ductus arterio- and is composed of laminated collagen and 
sus, in the absence of other malformations, is elastic tissue. The internal elastic lamina may 
variously called patent ductus arteriosus, per- be interrupted. The ductus that remains ab- 
sistent patent ductus arteriosus, or uncompli- normally patent has a thin wTill. In adults, 
cated patent ductus arteriosus. the media of the patent ductus contains much 

collagen intermingled wulh the muscular tis- 
Tatent Ductus Arteriosus tijg intima is thin (Figure VI-123a). 

Time of Normal Anatomic Closure. Gib- 
POSTNATAL CLOSURE ^ 1900) Stated that the ductal lumen usu- 

During the last trimester of pregnancy, die jjly is entirely obliterated within 8 days from 
•The term "ductus Bofalli” is frequently applied the rime of birth. In contrast, Gilchrist (1945) 
to the ductus arteriosus but, according to FrankBn, stated that Alvarenga did not find a single 
the ductus arteriosus Snt ^ ^ ^ example of perfect closure of the ductus ar- 

and not by Bolallo (see Gilchnst, 1945). c t- 
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teriosus in 54 infants whose ages ranged up 
to 1 month, and that Christie found the ductus 
still patent in 65 per cent of infants 2 weehs 
old. Wells (1908) stated that in many normal 
infants the ductus arteriosus may remain 
patent up to 3 to 6 weeks after birth, although 
it usually closes earlier. My own experience 
indicates that the ductus arteriosus as an 
effective channel is usually closed by the end 
of the second Aveek after birth. At that time, 
the ductal wall is thick and cordlike and, al- 
though It may be possible to pass a narrow 
probe through the lumen, the channel is usu- 
all)' so narrow that it has no functional sig- 
nificance. 


Persistent patency of the ductus arteriosus, ac- 
cording to Dr. Bradley M. Patten, may be re- 
garded as an arrest in a fundamental process of 
growth. The cause for this failure is not known, 
although there is an interesting and probably 
significant relationship between it and the occur- 
rence of maternal rubella during the first tri- 
mester of pregnancy (Swan, 1944, Swan et ah, 
1946, Wesselhoeft, 1949). It is probable that a 
variety of factors are concerned in the appearance 
of patent ductus arteriosus as well as other con- 
genital cardiac malfonnations (Campbell. 1949). 
If the ductus is not closed within 2 months after 
birth, it probably will lemain patent in most 
cases. Delayed closure during childhood seems 



Figure VI-123, a. Aorlic end of funnel type of patent ductus arlcriosits, from a Nsoin.in aged 
73 years. Tlie iiitinia, svJiich lies to the left, is seij’ thin and h separafed from the media b>' a 
layer of clastic tissue. Other illnstMtions from this case appear in c and d. (El-vC. 100.) 
h. C>lindrical type of patent ductus artenosus from a female infant wfio di«l at 9 montlis 
of age from canli.nc failure, Another illustration from this case appears in Figure VM21c. 
c. Funnel type of patent eluctns artenosus, from a woman ageel 73 years. (El-sG. X2^.) 
<K The pulmonary end of a patent duchts artertosns TJic diitfus protrudes into the htmen of 
the loft pulmonary artery. Other illustrations of this case appear in a and c. 
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possible, but would be unusual (Gilchrist, 1915; 
Burchell, 1918). 

rATlIOLOCIC ANATOMY 
In rare instances the ductus arteriosus is 
a rigItt-sUlcd structure, ninninj* between the 
right pulmonar>' artcrj' and llic aorta. Usu- 
ally it arises in the loft pulmonarj' nrler>' and 
inserts into the aorta just beyond the origin 
of tlie left subclavian arters' (Figure VI- 
123b). Often it appears to arise from the bi- 
furcation of the pulmonars* tninlc, but the 
statement that it originates from tlic !)lfiirca- 
tion of this vessel may be sbomi t<i Ik* in- 
correct from a developmental point of view, 
and by cjircful anatomic study. 

Anatomic T>-pcs, Patent ductus arteriosus 
may be classified into (1) c>'lindrical, (2) 
funnel, and (3) window tj^pcs. Tlic c>‘lin- 
drical type, which is the most common (Gil- 
christ, 1945), iwssesscs a relatively uniform 
caliber throughout its length, though the pul- 
monary end may be somewhat narrower than 
the aortic end. Tlic funnel type is character- 
ized by a wide aortic ostium and a lumen 
that tapers toward the pulmonary end. In 
some cases of the funnel type, the lumen is 
sufficiently wide to allow a shunt of signifi- 
cant magnitude, in other cases, the width of 
the pulmonary ostium is only I to 3 mm. and 
the patenej’ of the ductus is of no ftinctional 
importance (Figure VI-12.3c). In some of the 
latter cases, the pulmonary' end of the ductus 
may be the seat of a bland thrombus which 
may protrude into the lumen of the left pul- 
monary artery. Tlie window* type of patent 
ductus arteriosus is of surgical importance. 
It is the least common and is usually found 
in relatively older patients. In this type the 
lumina of the aorta and the left pulmonary 
communicate directly, and the ductus arterio- 
sus has no recognizable length. The surgical 
problems in ligating such an opening are ob- 
vious. 

This type was found in 17 per cent of 60 per- 
sons 17 years of age or older (Kej-s and Shapiro, 
1843). The author believes that the window type 
develops gradually. Evidently*, as the pulmonary* 
arterial system dilates because of the shunt, the 
pulmonary side of the ductus arteriosus Is grad- 


ually cfr.nccd, being incorporated Into the gross 
structure of the left pulmonary artery. 

While the window* typo of ductus arteriosus 
cannot be said to Ijave length, ibc cylindrical ami 
funnel types base a length usually of Jess llnii 
10 mm. Imt .sometimes up to 20 mm. (Wells. 
1908). The diameter of tlie ductus after death 
is frequently from 3 to (i mm. Gilchrist states! 
(Iiat, during life, the patent ductus may Iw ob- 
scr%«! to be .as ssidc as the aortic arch. 

Potts and associates (1949) noted at operation 
a p.itcnt ductus that had an outside diameter 
of JS mm. Taylor and associates (1930) found 
that the patent ductus arteriosus at opemtion had 
an outside diameter ranging from 7.5 to I3 mni. 
(ascrage, lO mm.) and an approtimate length 
ranging from 0 In lO mm, (nsenige, 8 mm.). In 
a!) hut one case, tlie outside diameter of the 
ductus arteriosus cxcecdcsl the length. In the 
classic s*ariety of patent ductus arteriosus, the ptil- 
motury end of the patent ductus arteriosus 
may protmde as a nipple (Figure VM23d) into 
the lumen of the left piilmoairy artery. 

Functional Eifects on Pathologic Anatomy. 
Especially in classic ductus arteriosus, the 
stream (representing a left-lo-right slnmt) 
has a tmtimatizing effect on the wall of the 
left pulmonary artery opposite the piilmonarj* 
(Ktium of the ductus, and prodtices a local- 
ized p.Ttch in which tlic inlima is thichened 
by collagenous and clastic tissue (Figure VI- 
124(j). Tliis lesion has long been recognized. 
On the basis of the suggestion nrade by Dr. 
Howard B. Burchell, my associates and I call 
this patch a jet lesion. Such lesions arc also 
seen in experimental animals in wliiclt an 
artificial ductus arteriosus has been estab- 
lished (Leeds, 191S; Ross and Murphy, 1919). 
Tire lesions are not atheromatous and should 
not be confused with foci of true atheroma in 
the greater pulmonary* arteries. 

Tlie chambers of the heart may cxliibit 
changes, depending on the functional type of 
patent ductus arteriosus. In the classic type, 
in which the pulmonary* pressure is not ele- 
vated and only a left-lo-righl shunt exists, 
the left ventricular chamlwr is dilated and 
tlie wall shows some hypertrophy (Figure 
VH24b). Tlie left atrium also may be di- 
lated. The endocardium of both chambers 
may* be thickened. 
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Figure Vl-124. a. Left pulmonary artery in a case of classic patent ductus 
arteriosus in which hgalion of the ductus had been performed 4V4 years 
before death. The intima Is greatly tlucLened, in part by clastic tissue. 
Tile concentration of elastic tissue appearing in the upper part of the 
figure is separated from the inetlla hy a l.ij-tT of collagen. (EJ-\C, X 125.) 
(From Dry, Harrington awl Edwards, ISM8.) /». Tlie pulmonary %tins and 
the left side of the heart, in a man aged 24 years with classic patent ductus 
arteriosus. The pulmoiwry wns arc dilated. Endocardium is thickened in 
the dilated left atrium and the left ventmlc is dilated and hypcrtropbictl. 
e. Tlie left atrium and left sentricle in widely patent ductus arteriosus, from 
an infant svho died nt 9 months of age from cardiac failure. Dilatation of 
the left sentriclc anil left atrium. Note prominent endocanlial thickening 
of the left atrium and left sentncle. Another illnstrntlnn from this case 
appears in Figure VI*123h. 
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Figure VI-125. Piilmonar> arim.i) \e'<els In i>almt diirttis arterioMts 
will pulmonary liypertcmlon. a Crt*s% <eclinn of a musctil.ir pul- 
monary arltry and longitiidinal set (ion of an arteriolar lirantli. From 
a male infant I year, 10 monllis of age. Metlial liypertropliy, no 
intimal lesions (Elastic Imuc slain. X450.) h. Large muscular 
artery from a G^-ycar-oU prl who also had a large scntricular 
septal defect Nonspecific intimal fihroiis thicLming lias caused 
ohLlcnlion of the lumen, Tlie medial layer is hypertropliieil. (Elastic 
tissue stain. X 140 ) c Cross section of a large musnilar artery 
and longitudinal section of its small arterial branch. At the origin 
of the small artery the lumen is occluded by n “plexifonn lesion." 

The medial layer of the parent vessel is hypcrtroplucd. From a 
23-ycar-old woman (Ilematosylin and eosin. XOO.) (From Ed- 
warils, 1955. Hcprodticed svith permission.) 

Patients with a wide patent ductus arterio- endocardium of lliese cliambcr.s become thick.- 

sus and pulmonary hypertension have a bi- ened (Figure VI-12-lc). Later, when the vol* 

ventricular hypertrophy, the thickness of the time of the left-to-righl sluml falls off, the 

right ventricle approximating that of Uie left left-sided chambers may become reduced in 

ventricle. During the stages when a left-to- size, but the endocardial thickening and the 

right shunt is dominant, the le/t ventricular right ventricuhr h}’pertTophy rewain. 

and left atrial chambers may be dilated. The Pulmonary Vascular Bed. Structural 
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changes may be present in the pulmonary 
vascular bed in patients with patent ductus 
arteriosus. In patients with normal pulmo- 
nary arterial pressures, the pulmonary vascu- 
lar structure is normal (Heath and Whitaher, 
1955). This is comparable to the situation in 
small ventricular septal defect. 

Patients with pulmonary hypertension early 
have medial hypertrophy of the arteries and ar- 
terioles. Later, occlusive intimal lesions, axnclly 
like those in large ventncular septal defect, make 
their appearance (Edwards, 1955; Whitaker et 
al., 1955; Heath and Edwards, 1958, Figure VI- 
125). The complicating intimal lesions are as- 
sociated with rising and, ultimately, relatively 
fixed pulmonary- vascular resistance (Heath et al , 
1958a). 

INCIDENCE AND SEX DISTBIBUTION 

It is difficult to determine the exact inci- 
dence of patent ductus arteriosus relative to 
other malformations from necropsy findings 
because of the many successfully treated pa- 
tients. Abbott (1925) noted 67 examples of 
patent ductus arteriosus among 555 cases of 
clinically significant malformations. The con- 
dition is fully as common as ventricular septal 
defect. It has a distinct preference for female 
patients, the ratio of females to males being 
about 3 to 1 (Gross, 1952; Cosli, 1957). 

FUNCTIONAL AND CLINICAL FEATUBES 

The basic disturbances in function among 
patients with patent ductus arteriosus are sim- 
ilar to those among patients with ventricular 
septal defect (Edwards, 1957). 

During fetal life the flow is from the pul- 
monary arterial bed to the aorta. In normal 
mammals, immediately after birth, the fall in 
pulmonary vascular resistance produces a left- 
to-right shunt (Ardran et al., 1952). Tins may 
persist until the ductus closes anatomically. 

As in ventricular septal defect, the effects of 
patency of the ductus arteriosus are determined 
primarily by the resistance to flow through the 
abnormal communication. In ductus arteriosus 
this will depend on the length and the diameter 
of the channel; other tilings being equal, the 
longer the i-essel the higher the resistance. For 
convenience, a ductus with a high resistance to 


flow may be termed “small” and one with a lov\’ 
resistance to flow may be termed “wide.” The 
small ductus is the classic patent ductus nrterio- 
stis. In this type, the pressures m the aorta and 
pulmonary arteries differ significantly. Since the 
aortic pressure is constantly higher than the pul- 
monary pressure, a Jeft-to-right shunt is present 
throughout the cardiac cycle (Figure VM26). 
In spite of large volumes of flow, the pressure 
m the pulmonarj’ vascular bed remains norma! 
(Coumand, 1947; Dexter et al., 1947). The con- 
tinuous flmv is responsible for a continuous mur- 
mur, the so-called machinery or Gibson murmur 
(Gibson, 1900), and for a continuous thrill. Cya- 
nosis is absent. In the roentgenogram the pul- 
monary arterial segment and the “aortic knot” 
may each be prominent (Figure VI-127). Both 
by electrocardiography and roentgenography, the 
left ventricle may appear either normal or en- 
larged (Keats and Stembach, 1955). A high sys- 
temic arterial pulse pressure may be present in 
some cases as an repression of "runoff’’ from 
the aorta. With surgical closure of the ductus, 
the aortic diastolic pressure rises and the pulse 
pressure falls (Taylor et al., 1950). Body growth 
may be retarded, and this deficiency may persist 
even after surgical closure (Engle et al., 1958). 

The functional features of a wide patent duc- 
tus arteriosus are similar to those of large ven- 



Figure VI-126. The arculation in patent ductus 
arteriosus of the small or classic variety. 
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Figure VI-127. Roentgenogram of the thora'c in a 
boy aged H years with classic patent ductus artenosu'. 
Note characteristic prominence of the shadow of the 
pulmonary trunk. 


tncular septal defect. Since there is no signifi- 
cant obstruction at the ductus, the pulmonary 
arterial and systemic arterial pressures are at 
similar levels. Assuming a constant systemic ^'as- 
cular resistance, the direction and volume of the 
shunt wll depend on the pulmonary' vascular 
resistance. In the young, the pulmonary vascu- 
lar resistance is relatively low and, character- 
istically, the left-to-right shunt is large (Figure 
VI-128a). 

During the first 6 months of life, a large shunt 
may produce major symptoms and even death. 
The hazard to infants with patent ductus arterio- 
sus is now generally recognized (Mustard, 1951. 
Dammann and Sell, 1952, Ziegler, 1952; Adams 
et al., 1953; Ferenez et ah, 1954; Lyon and 
Kaplan, 1954; Ash and Fischer, 1955). If infants 
with a wide ductus arteriosus survive the critical 
first 6 months or first year of life, the situation 
becomes relatively stable, either because the left 
ventricle tolerates the left-to-right shunt or be- 
cause the volume of shunted blood is relatively 
lowered by an increase in pulmonary resistance. 

Because of organic lesions described in pa- 
tients with wide patent ductus arteriosus, the 
pulmonary vascular resistance ultimately rises to 
levels in the range of systemic resistance. A right- 
to-left shunt may then appear and the pulmonary 
flow falls (Figure VI -128b); tliis has often been 
called the stage of "rer’ersing ductus arteriosus." 
A number of reports have appeared dealing with 


the clinical and functional or with the pathologic 
features of this phase of wide patent ductus ar- 
teriosus (Burchell, 1948; Johnson cf ah, 1930; 
Myers et ah, 1051; Bothwell et ah, 1952; Brou- 
slet et ah, 1952; Burchell et ah, 1933; Dammann 
et ah, 1953, Hultgren et ah, 1953, Smith, 1934; 
Yu et ah, 1954; Anderson and Coles, 1955; Harris, 
1955; Shepherd et ah, 1955). 

When patent ductns arteriosus with pulmonary 
hypertension is associated with only a lefl-to- 
nght shunt, cyanosis is absent. IVhen a right- 
to-left shunt appears, cyanosis may’ be apparent 
in the left upper and both lower extremities. The 
presence of “differential” cyanosis and of a lower 
oxygen saturation in tlie femoral arterial blood 
than in the right radial artery, are important 
points in distinguishing patent ductus arteriosus 
from other conditions in which a right-to-left 
shunt occurs witlvin the heart, as in ventricular 
septal defect (Burchell et ah, 1953). 

The clinical picture in wide patent ductus ar- 
teriosus is varied nnd, as in large ventricular 
septa) defect, depends on the Ie^’el of pulmonary 
vascular resistance. It lacks the machinerj' mur- 
mur which is so characteristic of classic or small 
patent ductus arteriosus. Usually a machinery 
murmur is not heard in infants with patent duc- 
tus arteriosus. In some cases the murmur has 
appeared after being absent (Holman et oh, 

1953) . This supports the concept that all patients 
with patent ductus arteriosus start life with pul- 
monary' hy-pertension. Some patients (probably 
the majority) acquire the characteristics of a 
small ductus only after infancy; they also acquire 
a differential in pressure between the aorta and 
pulmonary' artenes. Other patients throughout 
life maintain pulmonary hypertension and present 
clinical features like those of patients with large 
ventricular septal defects or other communica- 
Uons between the ventricles (Ferenez ct ah, 

1954) or aorticopulmonary septal defect (Adams 
cf of, 1952). 

All patients w’lth patent ductus arteriosus and 
pulmonary hypertension have electrocardio- 
graphic evidence of right ventricular hypertrophy. 
Left wnlncular hypertrophy is associated with 
a large left-lo-nght shunt. In die latter event, 
the left atrial pressure may be elevated until the 
shunt is obliterated (Oustrieres et ah, 1936). In 
infants, rocnfgenograpfiic examination reveals 
Ronsiiecific cardiac enlargement and signs of 
pulmonary congestion. In older patients, promi 
nence of the shadow' of Uie pulmonary Inink is a 
classic sign. 
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The diagnosis may be strongly suspected if 
cardiac catheterization reveals significantly higher 
saturation of oxygen in the preliminary arterial 
blood compared with blood from the right ven- 
tricle. This finding, usually indicative of patent 
ductus arteriosus because of its relative frequency, 
does not rule out an aorticopulmonary septa) de- 
fect or other rare communication between tlie 
aorta and pulmonary trunk. Identification of the 
position of the catheter when it has passed 
through the defect tends to establish an absolute 
diagnosis (Adams ct al., 1952). Aortography like- 
wise may readily establish the position of the 
communication. It is important to recognize tliat 
ventricular septal defect may be associated with 
patent ductus arteriosus, m these circumstances, 
it may be difficult to identify the presence of 
both defects by cardiac catheterization. The tend- 
ency is to identify the proximal defect on the 
basis of oxygen determinations, while the patent 
ductus may remain undetected unless the cathe- 
ter enters this vessel (Bowers ct al, 1955). 

COMPLICATIONS AND PROGNOSIS 

Formerly discussions of the prognosis and 
complications in patent ductus arteriosus dealt 
mainly with patients who survived infancy. 
This is a restricted view because patent duc- 
tus arteriosus of the wide type may catise 
death during infancy from pulmonary edema 
as a complication of large left-to-right shunt. 
Recognition of this fact, and adoption of 


early appropriate surgical therapy, has en- 
abled many infants to survive. 

Death from patent ductus arteriosus before 
die age of 3 months is probably uncommon. 
Heatli and associates (1958b) observed 2 in- 
fants, each 2 days old at the time of death from 
pulmonary edema. The pulmonary arterial vessels 
had unusually thin walls. The pulmonary edema 
was attributed to left ventricular failure from 
a large left-to-right shunt through a patent duc- 
tus arteriosus. 

Bullock and associates (1939) have reviewed 
the literature pertaining to complications of 
patent ductus arteriosus in patients who were 
3 years of age or older at the time of death and 
who, at necropsy, had no significant anomaly 
associated with the patent ductus. They studied 
80 such cases, 76 of which were taken from the 
literature. By the age of 14 years, 14 pet cent 
of the group h.ad died of their malformation; at 
30 years of age, half of the patients had died, 
and by the age of 40 years, 71 per cent had died 
because of patent ductus arteriosus. Two of the 
patients in this study Jived to the age of 66 years. 
Tlie two leading causes of death were congesffuc 
cardiac failure and bacterial endarteritis. 

Bacterial endarteritis in patent ductus is un- 
common during the first decade (Schlaepfer, 
1926, Gilchrist, 1945). The occurrence of bac- 
terial endarteritis is probably limited to cases of 
the cJ.issic >'ariety of ductus. In tJiese, the site 
of trauma by the jetlike stream impinging on the 



Figure Vl-128. lloenlgenoKrams of the lliorax in 2 patients with patent 
duttus artrriosvis and pulmonary hypertension, a. A large Icft-to-riKlit sliiint 
from which the patient died at tlie age of 3 months is fcaturid by the 
e\idence of congestion in l!»o pulmonar>' fields, b. A rlght-to-kft shunt 
wjlli m.irkctl proniincntc of the large pnlinouar}' vessels but no evidence 
of pulmonar>' congestion, an expression of the fact that pulmonary flow 
is not increas«l in tliis stage of the disease. The patient was 45 jears old. 
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FiRure VI-129. Pulmonary trunk and patent 
ductus, from a 13-> ear-old girl with bactena! 
endarteritis of the pulmonary trunk The focus 
of infection (point of arrow) lies opposite the 
pulmonary end of the patent ductus arteriosus 
(D) P indicates pulmonary vaUe, A, aorta. 
Specimen submitted to the author by Dr. 

James H. Peers 


pulmonary artery serves as a focus of predilection 
for infection (Figure VI- 129). The ductus itself 
may become infected, and the infection may 
spread to the pulmonary arterial system with re- 
sulting pulmonary infarction. Uncontmonly, em 
boll also may be earned into the systemic ves- 
sels. In fatal cases bacterial endocarditis of the 
aortic and mitral valves is common. 

Jager (1940) reviewed 33 fatal cases of septic 
thrombosis of a patent ductus; he found the 
valves uninvolved in 5 only. The tricuspid valve 
is least commonly affected. Involvement of the 
aortic and mitral valves probably results from 
seeding of the pulmonary blood with bacteria 
which are carried by the pulmonary veins to the 
left side of the heart. Although ligation of an 
infected ductus arteriosus is usually attended by 
good results, recovery may be jeopardized b> 
secondary involvement of the cardiac valves 
(Toiiroff and Vesell, 1940; Touroff, 1943). Since 
the infecting organism is a Streptococcus mitis 
tliat is sensitive to penicillin, it is reasonable to ex- 
pect tliat secondary valvular involvement wall be 
less serious than it was prior to the introduction 
of antibiotic therapy. In the series of Bullock 
and associates, 42 (53 per cent) of 80 patients 


died of the bacterial complication, while 18 (23 
per cent) died of congestive cardiac failure. Five 
patients (6 per cent) died either from rupture of 
the ductus or from left ventricular failure. In 4 
patients, death seemed to have been caused by 
a combination of effects of the patent ductus 
arteriosus and some other condition. Tlie authors 
found that 69 (86 per cent) of the 80 patients 
died as a result of the patent ductus arteriosus. 

Keys and Shapiro (1943) made a study of 60 
(14 male and 46 female) patients who were 
17 years of age or older at the time of death. 
The average age at death was 36.3 years; the 
oldest patient was 66 5 ’ears. They estimated that 
in patent ductus arteriosus the life expectancy 
was reduced 23 years in men and 28 years in 
women. Approximately 4 of 5 patients died as a 
result of the malformation, 40 per cent from bac- 
terial endarteritis and nearly 30 per cent from 
congestive cardiac failure. Ten patients had a 
pulmonary arterial aneurysm and 2 of them died 
from rupture of the aneurysm. 

Rupture of a patent ductus arteriosus. In the 
absence of an aneurysm, is uncommon, Bronson 
and Sutherland (1018) mentioned that one of 
Boeder’s patients, a female infant aged 3 days, 
died of rupture of a dissecb’ng aneurysm of the 
ductus arteriosus. Another patient of Boeder, a 
male infant aged 2 days, died of rupture of a 
fusifonn aneurysm of the ductus arteriosus. 

Bland thrombosis of the ductus is uncommon, 
It is more likely to be encountered in the new- 
born period (Jager, 1940). According to Wells 
(1908), Rauebfuss observed thtombosis 12 tvrtves 
m 1400 necropsies on infants. Earlier workers 
had incorrectly explained that normal closure of 
the ductus arteriosus was accomplished by or- 
ganization of a ductal thrombus. In the newborn 
period, thrombosis of the ductus arteriosus *s 
usually an incidental iindmg. Pinmger (1949) 
reported the occurrence of a fusiform aneurysm 
of the ductus arteriosus containing an infected 
thrombus, in an infant aged 18 days who had 
had a staphy’lococcal abscess of the arm. The nec- 
ropsy also showed pulmonary abscesses. Jagor’s 
patient, a woman of 53, had a bland thrombus 
in a patent ductus arteriosus, and died of intes- 
tinal infarction which resulted from embolism to 
the superior mesenteric artery’. 

Cardiac enlargement may recede after liga- 
tion of a patent ductus arteriosus (Gross, 1947). 
but in one instance (Dry et al., 1948) sudden 
death from failure of the enlarged heart occurred 
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about ^ years after a patent ductus bad been 
ligated. 

Ancimjsm of the pulmonary arteries may re- 
sult from acquired disease, such as syphibs or 
from congenital malformations in which an as- 
sociated arteriovenous shunt or pulmonary hyper- 
tension represents an important underlying fac- 
tor. The most common malformation is patent 
ductus arteriosus which is found in about a 
fifth of the cases of pulmonary aneurysm (Boyd 
and McGavack, 1939; Deterling and Clagett, 
1947). The aneurysm may be either saccular or 
fusiform, and involves the pulmonary trunk more 
commonly than either of the major arteries. 
Occasionally it is mycotic and represents a com- 
plication of bacterial endarteritis, as in the sec- 
ond case of D’Aunoy and von Haam (1934). 

SURGICAL TWERAPV 

Munro (1907) suggested surgical closure 
of the patent ductus arteriosus. Graybiel and 
associates (1938) unsuccessfully attempted 
obliteration of an infected patent ductus ar- 
teriosus. Tlie first successful surgical closure 
was performed by Gross and Hubbard in 1938 
and reported in 1939. Today surgical obliter- 
ation of patent ductus arteriosus is performed 
(Gross, 1952) for patients who do not have 
pulmonary liypertension and for those with 
pulmonary hypertension and a predominating 
left-to-iight shunt (Anderson et al, 1956; Ellis 
et al., 1956). Many reports indicate the haz- 
ard of obliteration of the ductus in patients 
who have a predominant right-to-left shunt 
because of the high and fixed pulmonary vas- 
cular resistance resulting from organic oedu- 
sive lesions in the pulmonary arterial tree. 

Aneiirtjstn of Ductus Arteriosus 
Aneurysm of the ductus arteriosus is rare 
and usually causes no functional disturbances. 
The usual picture is illustrated in Figure VI- 
130. The pulmonary end of the ductus is 
closed ^vliile the aortic end is patent and 
ancurysm.al. Superficially sudi a lesion may 
appear to be an aortic aneurj’sm (Altsclmle, 
1937). Histologically the wall of the aneu- 
rj'sm is composed of ductal rather than aortic 
(issue. Since a thrombus may form in the 
aneuiy’sm, peripheral arterial embolism is a 


potential complication. Thrombosis of fusi- 
form aneurysms of patent ductus arteriosus 
has been discussed under complications of 
patent ductus arteriosus. 

Graham (1940) reported 2 cases of excep- 
tionally large aneurysms of the ductus arteriosus 
which gave the clinical impression of a medias- 
tinal neoplasm. 

Absence of Ductus Arteriosus; Right- 
Sided Ductus; Double Ductus 

In the absence of the ductus arteriosus, the 
two circulations mix either in a common ven- 
tricle or in a persistent truncus arteriosus, or 
the pulmonary artery communicates with the 
aorta. The reason for the absence of the duc- 
tus arteriosus under these circumstances is 
understood if one reflects on the fate of that 
part of the right sixth aortic arch beyond the 
point of origin of the right pulmonary artery. 
This portion of the right sixth aortic arch is 
the right ductus arteriosus. Normally in the 
embryo, the blood leaving the heart is di- 
rected torvard tlie left. This is accompanied 
by retention of the left-sided ductus while the 
right ductus undergoes progressive atrophy, 



Figure VI-130. Aneurysm of the duc- 
tus arteriosus in a man aged 67 Joars. 
The piihnonaiy end of the ductus 
arteriosus is closed, Avliilc the aortic 
end fs patent and dilatetl to aneu- 
rysmal projKirlions. A thrombus is 
contained in the aneurysm. An. indi- 
cates aaeurysin; Lig. A., pulmofury 
end of closed ductus arteriosus; 

L PA., left pulmoiury artery. 
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Fipirc VI.131. Coan-tidun of aorta a. Distal (o diictiK artericniis. Ductiis 
IS closed, h. Distal to diutiis artnimm. Diicins Is palcnt. e, 1‘nixlnia! |o 
ductus artenosm. Diuliis is cimitl «/. Protiiiial h> durtiis ortprirwis. 
Ductus IS patent It S.A ami LSA = fliKht ami left siilwlavlan arteries; 
It C C and L.CC » [tiuht aiul left coiiinion carotid arteries. (Protn 
Claititl and a'«iCT.ites, 105-t Itepnxlncsxl ulth peniilssiim of tlie oiitJiors 
.ind SufgiTV. (hjnccolpgy Otnlcincs.) 


SO that by tlic time tlio fetus reaches maturity 
no vestige uf it remains. 

In the normal fetus the left-sided ductus serves 
as an overflow valve. Only a portion of the blood 
that leaves the right ventricle is received by the 
pulmonar>' arteries, the remainder flows tlirougb 
Uie ductus into the descending aorta. In condi- 
tions such as cor triloaiUre biatriatuni, persistent 
truncus arteriosus, and anatomic tetralogy of 
Fallot, other "overflow valvular” mechanisms ex- 
ist, depending on the malformation. In each of 
these conditions, the aorta is already in communi- 
cation with both ventricles and the amount of 
blood which flows through the ductus during 
fetal life may be minimal, so that the ductus of 
the right side disappears and, sometimes, also 
tliat of the left side. 

One should be sceptical of claims of absence 
of the ductus arteriosus in patients with normally 
developed cardiovascular systems, since it is Mn- 
Iihely that absence of the ductus would allow a 
fetus to attain normal development. Ordinarily 
such a report means that the examiner has over- 
looked an unusually delicate left ligamentum ar- 
teriosum or an existing right-sided ductus arterfo- 
sus. Front a reiietv of f?ie fetal circuh^oa 
(Chapter II), it is evident that, in the fetus with 


normally fomuxl ventricular and lmncocon.iI 
septa, the ductus arteriosus is an important over- 
flow channel for blood leaving the right ventricle. 
Wiile a fetus with intact ventricular and tnmeo- 
conal septa could survive absence of the ductus, 
this would retiuire the shunting of a considerable 
amount of blcxxl through the foramen ovale into 
the left side of the heart. 

In the anatomic lelralogy' of Fallot with right 
aortic arch, the ductus may lie a left-sided struc- 
ture and insert into the left innominate or left 
subclavian artery instead of into the aorta. Such 
on arrangement in the fetus does not allow the 
ductus to function nonn.ilIy, since the systemic 
connection of the ductus is not vvitli (he descend- 
ing aorta. Any blood passing thmugh the ductus 
would find its way either to the head or to the 
left vipper extremity. This, however, should not 
cause embarrassment to the fetal circulation since 
in (he tetralogy of Fallot the aorta communicates 
vvjtit the right ventricle and, therefore, an ade- 
quate and direct channel exists for right ventric- 
ular blood to enter the aorta and reach die pla- 
centa. 

The subjects of right ductus arteriosus and 
double ductus arteriosus will be discussed under 
formation of Vascular Rings (page -484). 
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Figure VI-132. Coarctation of aorta distal to obliterated ductus arteriosus witli anomalies 
of subclavian arteries, a. Atresia of left subclavian arterial origin, h. Stenosis of left sub- 
clavian arterial origin, c. Stenosis of right subclavian arterial ongin. (From Clagett and asso- 
ciates, 1934. Reproduced with permission of the authors and Surgery, Cynccology ir Ob- 
stetrics.) 


COARCTATION OF AORTA 


In coarctation of the aorta, tlie aortic lumen 
either in the arch or just beyond is signifi- 
cantly narrowed on a congenital basis. Good- 
son ( 1937 ) encountered, in more than 77,000 
necropsies taken from several reports, 55 ex- 
amples of aortic coarctation. 

Classification 

The classification commonly used in the 
past was that of Bonnet (1903) which con- 
sists of the infantile and the adult types of 
coarctation. In the infantile type, the coarc- 
tation lies proximal to the ductus arteriosus 
and usually distal to the left subclavian ar- 
tery. In the adult type, the narrmv zone lies 
either at the level of the aortic insertion of 
the ductus or immediately distal to it. This 
classification is not adequate because it does 
not take into account cases in which the co- 
arctation lies in an unusual location or is 
associated with a patent ductus arteriosus or 
with lesions of the subclavian arteries. 

Tlie following classification considers tlie 
position and state of the ductus and of the 
branches of the aortic arch. Hie basic ar- 
rangements are tliosc which characterize 
Groups I and II. 

Group I. Coarctation distal to ductus arterio- 
sus 

A. With closed ductus (Figure 
ISlfl) 

B. With patent ductus (Figure VI- 
13li>) 


RCC. LCC. 



■LCC. 

R.C.C 



Figure \'I-133. Coarctation of aorta beyond obliter- 
ated ductus arteriosus with anomalous origin of right 
subdavran artcncs. a. Anomalous origin of right 
subclavian artery distal to coarctation. (From Clagett 
and associates, 1954. Beprodneed ivitb pcnnhsioii of 
the authors and Surgery, Cynccalogy 6- Obstetrics.) 
b. Anomalous origin of right .sul>cl,i\lan artery prod- 
mal to coarctation. 
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Figure VI-134. Double aorhc arch with coarctation 
of left arch and stenosis of right arch. Case of Dry 
and associates (1933). (Reproduced with pemussion 
of the authors and Diseases of the Chest.) 

Group II. Coarctation proximal to ductus 

arteriosus 

A. With closed ductus (Figure 
VM31c) 

B. With patent ductus (Figure VI* 
131d) 

Group III. Coarctation wnth anomalies of sub- 
clavian arteries or aortic arches 

A. Atresia or stenosis of left sub- 
clavian artery (Figure VI-132<j 
and b; Woltman and Shclden, 
1927; Bedford, quoted by Weber 
and Knop, 1929, Schwartz and 
Greene, 1942, Gerbode and 
Bourne, 1931; O’Sullivan, 1953) 

B. ctgitt ar- 

tery (Figure VI-132c, Love and 
Holms, 1939) 

C. Anomalous origin of right sub- 
clavian artery 

1. Distal to coarctation (Figure 
VI-I33a; Faw'cett, Case 12, 
1905; Stephens, quoted by 
Gross, 1950, Sealy, 1951, 
Kroeker et al , 1954) 

2. Proximal to coarctation (Fig- 
ure ^^-1336; Alcott et al., 
1956) 

D. Double aortic arch w’ith stenosis 
of right and coarctation of left 
arch (Figure VI-134; Dry et al., 
1953) 

Group TV. Coarctation in unusual locations 

A. Proximal to left subclaiian artery 
(Figure VI-ISS) 


1. WitJi normal branches (Par- 
ker and Dry, 1938; Bagley 
and Holoubek, 1910; Bing 
et al., 1948; Balm et al., 
1954; Edwartls, 1934) 

2. With anomalous origin of 
right suhckivian artery (Mo- 
Gregor and Medalie, 1932; 
V.akil, 1953) 

B. Multiple sites (Benkwitz and 
Hunter, 1937; Efskind and San- 
denicl, 1955) 

C. Lower thoracic; abdominal 
(Bahnson ct al., 1949, Kondo 
et al, 1950; CoUlzicher et al, 
1931; Fisher and Corcoran, 
1932; Patel and Facquet, 1953) 

Pathologic Aiinlomij of Aorta and Heart 
The usual location of coarctation of the 
aorta Is opposite or just distal to the aortic 
Insertion of the ligamentum artcriosum; some, 
times it Is somewhat proximal to that point. 
Externally, the aorta tends to have a constant 
appearance. Corresponding to the zone of 
luminal narrowing, there is a concavftj’ of 
the outer contour of the vessel which involves 
die cephalic, ventral and dorsal aspects. Thus, 
the external concavit>’ involves all walls c.x% 
cept the caud.nl, Into which the ligamentum 
artcriosum inserts. The caudal wall may be 
regular or distorted convexly (Figure 
and h). 


RCC 



usual location lying between tlie ori- 
gins of tlie left coininon carotid 
(L.C.C.) and left subclan'an artenes 
{L.S.A.). (From Clagett and asso- 
ciates. 1954. Reproduced with per- 
mission of tlie authors and Surgery, 
Cynecohgij O Obsfcfrics.) 



MALFORMATIONS OF AORTIC ARCH 


451 


While the zone of greatest narrowing is 
frequently short and clearly defined, the di- 
ameter of the aorta leading to it tapers grad- 
ually. At times, however, the zone of narrow- 
ing may run for a distance of 1 cm. or more. 
Proceeding distally from the coarctation the 
aorta dilates gradually. The region of the co- 
arctation thus has the configuration that 
would be made by placing two equal cones 
in a longitudinal plane with their apices di- 
rected against each other. On examination of 
the interior of the aorta, the lumen at the 
zone of coarctation is considerably narrower 
than is indicated from the external diameter. 
At this zone, the lumen is further narrowed 
by a diaphragmatic structure and is repre- 
sented by a small opening in the diaphragm. 
The narrowed lumen lies toward tlie lower 
wall of the aortic arch. 

Based on the size of the lumen at the level of 
the coarctation, Reifenstem and associates (1947) 
classified the luminal narrowing as moderate 
when Its diameter was 5 mm. or more, and as 
extreme when less tlian 5 mm. Judging from 104 
cases reviewed by them and from 200 reviewed 
by Abbott (192S), in about one-fourtfi of the 
cases the narrowing of the lumen is moderate, 


in about one-half, extreme; and in about one- 
fourth, no lumen is apparent. In the specimens 
which are removed as part of the operation for 
coarctation, the lumen is rarely more than 2 mm. 
in diameter. Though at times it has been said 
that no lumen is present, microscopic examina- 
tion nearly always reveals a lumen, however tiny. 

A fallacy frequently encountered in descrip- 
tions of the narrowed portion of the aorta is that 
the aorta appears as if it had a ligature placed 
around it. According to Craigie (1841), Paris 
published the first case in 1791 and Graham, the 
second case in 1814. Graham described the nar- 
rouing of the aorta as having an appearance ex- 
actly as though a ligature had been tied tightly 
around the aorta. In the ninth case which Craigie 
reviewed, that of Nixon, the patient was a young 
physician, aged 27 years. 

The gross appearance is readily correlated with 
the microscopic features of coarctation. We have 
had the opportunity to make a microscopic study 
of an adequate number of segments of aorta with 
coarctation that have been surgically removed. 
Microscopically the basis for the aortic narrow- 
ing is a peculiar deformity and thickening of the 
aortic media (Edwards et of., 1948a) in the ce- 
phalic, ventral and dorsal portions of the aortic 
wall. The thickened area projects into the lumen 
and makes it narrow and eccentric. In longi- 



F'lgure a. Co.irctaUon of the aorta beyonti Uip Iigameiitum artcriosiim. The 

superior surface of the aorta sImws characlcrislic deformity. From a man 51 year* of 
•agf. h. rJiHtoiuicrograpli of a segment of tlie aorta removed swrgicalJj' by Dr. O. T. 
Cl.igitt boc.uise of coarctation. The aorta is sectioned longitudinally. Tlie proxim.al por- 
tion is to die right, the dishal to the left. WTule the inferior wall is regular in outline, 
the superior ssall shows char-icteristlc infolding of tl»c m«tlla, producing nn eccentric 
lumen of microscopic size. From a woman 30 yean old- (El-sG. X4.) 
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Figxire VM37. a. From the aorta at the le%el of 
coarctation. Section prepared like speamen illus' 
trated in Figure VI-138. The pro\imal portion is to 
tlie left, the distal to the right The hganrentum ar- 
tenosum inserts into Uie inferior «aU of the aorta 
proximal to Uie coarctation The supenor wall of 
the aorta shons charactcnsbc infolding of the media, 
producing a narrow lumen Overlying the media) 
curtain Is a triangular mass of connective tissue repre^ 
seating secondary intimal tluckening (El-vG, X 
(From Eduards et al , l&48a.) b. A longitudinal 
section through the isthmus of the aorta in the region 
of the ductus arteriosus, from a male infant who died 
at the age of 36 da>s Beyond the isthmus and oppo- 
site the entrance of the ductus artenosus, the aorta 
shous a charactcnstic curtam-like deformity of the 
media causing narrouang of the aortic lumen. (El-v'G, 
X6.) 

tudinal sections the localized thickening of the 
media appears as a curtain (Figures VI-136/> and 
VI-137a and b). The medial thickening is seen 
in cases of coarctation at all ages including in- 
fancy (Figure VI-1376). 

Specimens from adolescents and adults often 
have, in addition, thickening of the intima al the 
zone of aortic narrovWng. Tlie intimal change is 
particularly prominent over the curtain of thick- 
cncti media; in longitudinal sections it frequently 
has a triangular shape, the base being attached 
to the thickened media and the apex directed to- 
ward the opposite wall (Figure VI-137fl). It is 
avascular and is composed largely of collagen 
laid down in concentric layers. Varying amounts 
of elastic tissue arc present, particularly in tlie 
deeper portions of the tissue. Occasional smooth 
muscle ct'lls are present. Since the intimal thick- 


ening at the zone of luminal narrowing is mini- 
mal or absent in infants (Figure VI-1376), it is 
interpreted as developing after infancy. More- 
ov'er, its laminated structure and the presence of 
most of the elastic tissue in its deeper portions 
support the concept that localized intimal thick- 
ening develops progressively. Probably as a re- 
sult of the constant force applied by the blood 
in the aorta proximal to the coarctation, the in- 
timal tissue protrudes hke a nipple into the aortic 
lumen distal to the coarctation (Figure VI-138a). 
This feature is comparable to the protrusion of 
the pulmonary end of a patent ductus into the 
lumen of the left pulmonary’ artery. The nipple- 
like protrusion of the margins of the opening in 
the diaphragm is one of the characteristics which 
distinguishes the proximal from the distal end of 
a segment of aorta with coarctation. 

The diaphragmatic membrane at the site of 
coarctation, as seen In adolescents and adults, is 
composed basically of tlie localized medial thick- 
ening, the superimposed new intim.nl tissue may 
further decrease the diameter of the aortic lu* 
men to some degree. 

Distal to the coarctation the aortic wall is thin 
but die medial elements seem normal on micro- 
scopic examination. Wliile the descending tho- 
racic aorta is often of normal cobber, the abdom- 
inal aorta characteristically is narrow. Beyond 
the origin of the renal arteries, the diameter of 
the aorta frequently is hardly more than 1 cm. 
In the thoracic portion are seen wide ostia of the 
intercostal arteries. This change is particularly 
noticeable in the case of the upper 5 to 7 pairs 
of aortic intercostal arteries. 

The portion of the aorta lying distal to the 
coarctation may show a localized lesion character- 
ized by a corrugated patch which rises above 
the intimal surface (Figure VI-1386). Micro- 
scopically, such a lesion consists of localized fi- 
brous intimal thickening, beneath which there 
may be distortion of medial architecture (Figure 
Vr-I38c). The lesion appears to result from 
trauma by a jet of blood striking the wall after 
passing through the zone of aortic narrowing. 
The jet lesion is significant for several reasons. 
(1) It may L*e within that part of the aorta 
which is anastomosed during the operation for 
the relief of the etwretation. Tlie avascular fi- 
brous intima, if incorporatevl in the suture line, 
might then constitute a foreign body and pre- 
vent adequate healing at the site of the surgical 
anastomosis. (2) Since there may be loss of 
elastic tissue in the media beneath the jet lesion. 
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it could be conjectured that a saccular aneur>'Sin 
might develop in this zone. It is conceivable that 
the jet lesion may also serve as the focus for the 
origin of a dissecting aneurysm below the level 
of the coarctation, a complication occasionally 
observed. (3) It may represent the point of 
origin of bacterial aortitis which characteristically 
starts just beyond the level of the coarctation. 

A rare occurrence is narrowing of the lower 
thoracic portion of the aorfa or of the abdominal 
aorta. While lesions in this area are commonly 
called coarctation, they differ from the picture of 
obstruction in the general region of the junction 
of the arch and the descending aorta. Narrow- 
ing in the lower thoracic or in the abdominal 
portions of the aorta usually occurs over a mod- 
erate distance, with uniform tapering of the aorta 
toward the narrowest point. 

The peculiar association of congenital biatspid 
aortic calve svith coarctation Is unexplained. In 
Abbott’s (1928) review of the so-called adult type 
of aortic coarctation, bicuspid aortic valve was 
present in 23.S per cent of the cases. Benkwilz 
and Hunter (1937) reported that bicuspid aortic 
s'alve occurred in 25.3 per cent of the 75 cases 
of aortic coarctation that had been reported since 
Abbott’s review. In the interval between the ap- 
pearance of the paper by Benlavitz atid Hunter 
and that by Lewis in 1945, bicuspid aortic valves 
were encountered in 37.5 per cent of the cases 
reported. Reifenstein and associates (1947) 
stated that the finding of a bicuspid aortic valve 
has been reported in 42.7 per cent of the 104 
cases of the so-called adult type of aortic coarcta- 
tion reported since the time of Abbott's revie'v. 
The apparently increasing incidence of bicuspid 
aortic valve in cases of coarctation may be at- 
tributed to the emphasis placed on the possible 
occurrence of this additional malformation by 
Abbott and later writers. 

The heart is often enlarged in coarctation 
of the aorta. If the ductus arteriosus is closed, 
Ijj’pertrophy’ dei’elops, either pre<Iomin,intly 
or exclusively in the left ventricle. Tliis is 
explained in part by tile occurrence of systolic 
and diastolic hypertension in the aorta prox- 
imal to the coarctation. Another cause of left 
ventricular hyiiertrophy is aortic vaUailar in- 
sufRciency’ in the presence of a bicuspid aortic 
valve. 

Collateral Circulation 
The clinical diagnosis of the usual type of 


coarctation of the aorta depends in great 
measure on demonstrating evidence of col- 
lateral circulation. For this reason, this fea- 
ture of coarctation of the aorta will be dis- 
cussed in detail. 

According to Craigie (1841), Paris in 1791 
and Graham in 1814 reported on the extensive 
collateral circulation in this condition. In the dia- 
gram m Meckel’s (1827) report, the artist’s por- 
trayal of the erosions of the superior aspects of 
the ribs by the dilated intercostal arteries is 
probably inaccurate. White (1885) gave an ac- 
curate account of the collateral circulation, and 
more data were added by King (1926), Abbott 
(1928), Blackford (1928), Lov'e and Holms 
(1939) and Bramwell and Jones (1941). Ros- 
ier (1928) and Railsback and Dock (3929) re- 
ported that the defects of the ribs caused by the 
enlarged intercostal arteries could be demon- 
strated roentgenographically and that this sign 
could be used in establishing the clinical diag- 
nosis of coarctation. Batchelder and Williams 



Figure VI-138, a. The dishil end of a segment of 
aorta removed sitrgtcally by Dr. O. T. Clagcfl he- 
crause of coarct.Uion, Tlie lumen is tow ard the inferior 
wall and the intima prolriides nipplc-iike into the 
lumcii of the distal aorta. From a female p.iticnt 19 
years old. b. The aorta from a man 29 years of age 
showing coarctation. Immediately inferior to the co- 
arctation, tlicre is a jet lesion charactcri?cd by a cor- 
nigated inUm.al snrf.ace. Si“e c for pholomierograph. 
c. Fholoinicrograph of section through the jet lesion 
shown in h. The medi.i is infemtpted beneath the 
irregular intima. (nl-\<5. X 4.) 
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(1948) observed costal notchiog in a patient 
svfth the tetralogy of Fallot 
On the basis of published accounts and our 
o^vn experience (Edwards et al., 194db), ue 
have prepared a diagram (Figure VI-139) of 
tlie collateral circulation in the usual t)'pe of 
coarctation of the aorta in which the ductus 
arteriosus is closed. The diagram sho^vs that in 
the type of aortic coarctation represented, the 
stibclatian arteries, tlirough the communications 
of tlieir branches, play the paramount role in 
carrying blood from the part of the aorta abo\-e 
the coarctation to the part below. The common 
carotid arteries are of minor importance in the 
collateral circulation in coarctation of the aorta, 
except in the presence of unusual forms of co- 
arctation. The subclavian arteries may be greatly 
dilated, at times to aneurysmal proportions. Evi- 
dence of a pulsating and dilated left subclavian 
artery may be obtained on roentgenoscopy or by 
roentgenokymography (GladnikofF, 1946, Stauf- 
fer and Rigler, 1950), and is particularly useful 
for the diagnosis of this condition when notching 
of the ribs is not demonstrable. 

Odman (1933) emphasized that enlargement 
of the internal mammary’ arteries, a common fea- 
ture in coarctation of the aorta, may be demon- 
strated by angiocardiography and thoracic aortog- 


raphy, and that pulsations of these arteries may 
e\’en be visualized b>’ roentgenoscopy. 

The intercostal arteries, u-ith the e.xception of 
the first hvo pairs, are most important anasto- 
motic bridges. This is particularly true of Uie 
fourth through the seventh pairs of arteries 
(Levv'is, 1933). These arteries act as bridges 
through their communication with the internal 
mammary, musculophrenic, superior epigastric, 
anterior spinal and lateral thoracic arteries and 
the descending branch of the transverse cervical 
artery, on the one hand, and the aorta below the 
level of the coarctation, on the other. Bramvvell 
and Jones indicated that the vessels about the 
scapula, which communicate directly or indi- 
rectly with the intercostal arteries, far over- 
shadow' the communications of the intercostal 
arteri« with the internal mammaiy' artery* and 
its terminal branches. On the other hand, Rails- 
back and Dock, while cognizant of the communi- 
cations of the intercostal arteries with the ar- 
teries of the scapula, stated that in their case 
the anterior communications of the intercostal 
arteries with tlie internal mammary arteries 
seemed to represent the important avenues of col- 
lateral circulation. The internal mammary arteries 
are consistently dilated and tortuous. 

Pulsation of the dilated arteries related to the 
scapula is a frequent and a clinically valuable 
diagnosbc sign (Walshe, 1873; Blackford, 1928; 
Campbell and Suzman, 1947). In an analj-sis of 
the clinical features in 96 cases of aortic coarcta- 
tion, Christensen and Hines (1948) noted that 
evidence of a collateral supply had been sought 
m 74 patients, and found in 61 of these (82.4 
per cent) on physical examination. This evidence 
was observed most frequently over the scapular 
and inlerscapular regions and less frequently in 
the supraclavicular regions. In these regions the 
collaterals may be felt to pulsate and, in some 
cases, muramrs may be heard over the arteries. 

The intercostal arteries, by virtue of their 
function, become greatly dilated and tortuous. 
Dorsolly in particular, the tortuosity produces 
pressure atrophy of the adjacent ribs. Sometimes 
rhis atrophy is represented bv' mere enlargement 
of the cc«tal grooves of the ribs (^Volke, 1937; 
Figure VI- 140a); at otlier times, by gross focal 
erosion of the substance of the rib (Figure \T- 
140b and c). Erosion represents an important 
diagnostic feature in coarctation of the aorta since 
the notches are readil)’ recognized in roentgeno- 
grams. Contrary to the common statement that 
4e lower margin of the rib is notched in coarcta- 
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tion, the notching occurs on the inferior and ven- 
tral aspect of the main body of the rib, at the 
point at which it joins that part of the rib whidi 
forms the wall of the costal groove (Emstene and 
Robins, 1931). Since the inferior portion of the 
rib which forms the posterior wall of the costal 
groove is thin in comparison to the superior por- 
tion of the rib, it may be sufficiently penetrated 
by roentgen rays to become invisible in the roent- 
genogram. Under such conditions, the notching 
appears to involve the inferior margin of the rib. 
This picture, however, is an illusion produced by 
roentgen-ray penetration of the inferior portion 
of the nb. Crafoord and associates (1947) and 
Pugh (1948) have pointed out that when roent- 
genograms of the thorax of patients with coarda- 
hon of the aorta are examined carefully, one 
frequently can demonstrate a portion of the rib 
inferior to the portion that is notched; these 
roentgenographic changes correspond to anatomic 
changes (Figure VM41). About one-fourth of 
the patients with coarctation of the aorta do not 
have roentgenologically demonstrable notching 
of the ribs (Pugh). The process of erosion of 
the nbs must be progressive, since most in- 
stances of absence of notching are encountered 
among children. Sometimes, however, notching 
IS demonstrable in children, and sometimes it is 
not evident in adults. Brown (1939) stated that 
notching had been recorded earliest at 6 years 
of age, Blumenthal and Davis (1941), at 5 years; 
and Neuhauser (1946), in an infant 19 months 
of age. 

The reason that the first two intercostal arteries 
do not play a large role in the collateral system 
is that they usually do not communicate with 
the aorta dorsally, as the other intercostal arteries 
do. Dorsally, the first two intercostal arteries 
communicate 'vith the superior intercostal ar- 
tery which in turn is in communication, either 
directly or through the costocervical trunk, with 
the subclavian artery of the same side. The su- 
perior intercostal artery may, however, ser\’e a 
bridging function by its anastomosis with the 
third intercostal artery, at a point ventral to the 
site at which the latter vessel arises from the 
aorta as the first aortic intercostal artery. 

The superior epigastric artery communicates 
prominently with tlie ceph.nHc portion of the in- 
ferior epigastric artery. Through this channel a 
substantial amount of blood may be carried from 
the subclavian artery to tlie external iliac and 
femoral arteries. As judged from the width of 
tliis channel and from the narrow state of Uie 
lower part of the abdominal aorta, a considerable 


amount of blood carried to the legs probably 
avoids the lower part of the aorta entirely. In 
spite of characteristic absence of pulses in 
the abdominal aorta and in the iliac and femoral 
arteries, the volume of blood flow to the legs is 
within normal limits (Wakim et al., 1948). 

The position and the communications of the 
anterior spinal artery are represented in Figure 
VI-139. This artery may serve as a collateral 
channel in coarctation of the aorta since it lies 
along the entire length of the spinal cord and so 
forms a continuous channel past the level of the 
aortic narrowing. By communications from the 
vertebral arteries in the cervical region, it re- 
ceives blood derived from the subclavian arteries, 
which primarily comes from the aorta proximal 
to the level of stenosis. Furthermore, by its com- 
munications with the intercostal and lumbar ar- 
teries in the thoracic and lumbar regions, respec- 
tively, the anterior spinal artery may carry blood 
flowing into it from the vertebral arteries prox- 



Figure VI-140, a A nb removed during operation 
for coarctation, showing irregularity of the contour 
and enlargement of the subcostal groove. From a 
woman aged 19 years whose aorta is illustrated in 
Figure VUl3Sa. b. Posterior portion of a nh in a 
man aged 19 years, with coarctation of the aorta. The 
intercostal artery is tortuous. (See c.) c. The inter- 
costal artery illustrated in h has been removed; at 
tlie points of tortuosity of the artery, the nb is 
notched The notches occur in the inferior aspect of 
the main body of the rib and in the adjacent portion 
forming the Subcostal groove. The Inferior margin of 
the nb is not notched. (Figures VI-13Sh and c from 
Cdvv .ird& ct al., liMSb.) 
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Figure VI-141. Roenlgenograro of the thorax in a pabent \Wlh coarclflUon 
of the aorta. The white arrows point to Uie infenor margins of the nbs. 
Tlie black arrows point to the notching in the main bi^y of the nbs. 
(From Pugh, 1948.) 


imally toward the aorta distally. The role of the 
anterior spinal artery as a collateral channel has 
received relatively little attention in the past; in 
our experience (Edwards et al., 1948b), this ar- 
tery is often dilated and tortuous in aortic co- 
arctation, particularly in the cervical and thoracic 
regions (Figure Vl-142). Esidently, symptoms 
resulting from the dilated state of the anterior 
spinal artery are not common. Haberer’s (1903) 
patient (quoted by Herxheimer, 1910, and Ab- 
bott, 1928) was reported to have transverse mye- 
litis which resulted from compression of the 
spinal cord by the dilated spinal artery. Hmv- 
ever, the sudden onset of s>Tnptoms and the find- 
ing at necropsy of a thrombus in the artery sug- 
gest that the arterial occlusion had a greater 
influence in causing changes m the spinal cord 
than did the dilatation of the artery. Haberer 
mentioned a case of Brasch in which slowly de- 
veloping paralysis resulted from compression of 
the spinal cord by a dilated and tortuous anterior 
spinal artery. 

It is appropriate to indicate that the col- 


lateral circulation diaracteristic of aortic co- 
arctation begins during intra-uterine life. In 
the usual type of aortic coarctation, the co- 
arctation lies distal to the aortic ostium of 
the ductus arteriosus, whether patent or 
closed. In the fetus, this anatomic arrange- 
ment would be incompatible with life unless 
collateral channels b)'passed the coarctation. 
Evidence to support the opinion lliat col- 
lateral circulation is set up during the fetal 
life, in instances of coarctation Ijang distal to 
the ductus, is found in attainment of full ma- 
turity of the fetus. In coarctation lying prox- 
imal to the ductus, the fetus may de^'clop 
fully in the absence of collateral circulation. 

Functional Disturbances and Clinical 
Features 

co«iCTAnox \vTm closed ductus 

ARTERIOSUS 

BrowTi and associates (1948) defined the func- 
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tional characteristics of coarctation of the aorta 
as follows: (1) The systolic and diastolic pres- 
sures in the upper extremities are elevated; (2) 
the systolic pressure of the lower extremities is 
normal or reduced, but the diastolic pressure is, 
as a rule, elevated, (3) the ratios of femoral to 
radial systolic pressure and of femoral to radial 
pulse pressure are below the range of similar 
ratios in normal persons; (4) the femoral pulse 
wave is delayed when compared with the time 
of onset of the radial pulse wave; and (5) the 
period behveen the onset and the peak of the 
femoral pulse is usually longer than that observed 
in normal persons. The basis for hypertension in 
coarctation of the aorta is not clear (Stewart 
et al., 1944. Bing et al, 1948) . One theory holds 
that the hypertension is caused by the obstruct- 
ing lesion in the aorta and b>' the relatively nar- 
row state of the collateral bed; another belief 
attributes it to a generalized increase in periph- 
eral resistance, possibly because of pressor sub- 
stances eliminated by the kidneys resulting from 
lack of a normal pulsatile flow of blood (Scott 
and Balmson, 1951). 

The clinical manifestations vary. The majority 
of patients with coarctation of the aorta and 
closed ductus arteriosus do not manifest any 
symptoms m infancy. The symptoms in infancy 
(Kesson, 1948, Calodney and Carson. 1950, 01- 
ney and Stephens, 1950, Bahn et al., 1951, Rog- 
ers et al., 1952; Mustard et al., 1955) are non- 
specific for chronic left ventricular failure. These 
include failure to take proper nourishment and 
to gain in weight. Tlie roentgenogram shows non- 
specific Cardiac enlargement. Hypertension may 
be demonstrated in the upper extremities while 
the femoral pulses are usually not palpable. The 
latter feature Is probably the most important clin- 
ical sign distinguishing coarctation of the aorta 
from other causes of left ventricular failure in 
infancy. Notching of the ribs does not usually 
occur at this early period. 

The differences in symptomatology among pa- 
tients with coarctation of the aorta seem to de- 
pend on the position of the coarctation svith re- 
spect to tlie ductus arteriosus (Bahn et ah, 1951). 
If the coarctation lies proximal to the ductus ar- 
teriosus, no stimulus is present in fetal life for 
the development of collateral xessels. Wien the 
ductus closes after birth, the entire left xentrics 
iilar output is met by the obstructed aorta uliich 
has an inadequate collateral system. Tliis may 
be responsible for hypertension. If the coarcta- 
tion is distal to the ductus arteriosus, in all prob- 
ability collateral channels develop during feta! 


life if the fetus is to survive. In such patients 
after birth, the closure of the ductus arteriosus 
does not materially affect the circulation, since 
collateral pathways have already been estab- 
lished. It is probably this group of patients who 
live to later life before symptoms become appar- 
ent. Successful surgical correction of sympto- 
matic aortic coarctation in infants has been ac- 
complished (Lynxwiler et ah, 1951, Kirklin et ah, 
1952; Sealy and Webb, 1953; Mustard et ah, 
1955). 

Patients with coarctation of the aorta and with 
a closed ductus arteriosus may remain asympto- 
matic until later life. A common early finding 
is hypertension with riisparity in pressures be- 
tween the upper and lower extremities. In the 
lower extremities and in the abdominal aorta, 
pulsations are either not evident or are consider- 
ably weaker than in the upper portion of the 
body. Other evidences of the coarctation pertain 
to demonstration of a collateral s>’stem. In some 
patients, the predominant clinical features may 
center about a complication. 



Figure VI-142. 
LoNver ccr\ical and 
upper lliuracic por- 
tion of the spinal 
cord, horn a man 
ag«l 19 >c.irs wilh 
co.ircfation of the 
aorta. One of the 
nbs of this p.ltient 
is illustrated in 
Figures VI-I38h 
and c. The anterior 
spinal artery is di- 
lated sikI tortuous. 
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Campbell and Suzman (1947) reported that, 
among 15 patients with aortic coarctation, aortic 
diastolic murmurs \vere heard in 6. In 1 of these, 
the murmur was related to rheumatic endocar- 
ditis, in the other 5, to the coarctation. Christen- 
sen and Hines (1948) reported that 20 per cent 
of 96 patients with clinical aortic coarctation had 
diastolic cardiac murmurs, usually situated over 
the base of tlie heart. They indicated that while 
such a murmur can be caused by an incompetent 
bicuspid aortic \aKe, it might be the result of 
other conditions such as an associated patent 
ductus arteriosus, sentriciilar septal defect and 
baetenal or rheumatic endocarditis. 

In a review of coarctation of the aorta, Camp- 
bell and Baylis (1956) found that about one- 
fourth of 130 patients had esidencc of some de- 
gree of aortic insufficiency ^vhich they attributed 
to acquired calcific aortic valvular disease. Sloan 
and Cooley (1953) emphasized the value of 
angiocardiogro/ihf/ or aortograph)' in determining 
the position and nature of the coarctation. Bru- 
wer and Pugh ( 1932) reported that, on poster©* 
anterior roentgenographic e-xaminabon. a notch 
in the left border of the descending aorta just 
above the lev’el of the left pulmonary arler>' was 
seen m about a third of the patients with proved 
coarctation of the aorta. This notch, according to 
the authors, represented the narrowed segment 
of the aorta. In about 5 per cent of the cases 
studied, the roentgenogram showed no notching 
of the ribs but did show the sign descnbed. 
Kinldng of the aorta (so-called pseudo-coarcta- 
tion) may >4eld a sign somewhat similar to the 
notching of tlie aorta m patients with true co- 
arctation (Bruwerand Burchell, 1936). 

DIFFEHENCES IN Blt^CHIAL BLOOD 
PBESSUHES 

Significant differences in the blood pressure 
of the two arms exist in a small number of 
patients with coarctation of the aorta. Among 
170 patients with coarctation. King (1937) 
noted that in 9, the hrachial systolic blood 
pressure was normal on the left side and ele- 
vated on the right. In 4 of tliese cases, how- 
ever, the brachial diastolic pressure was ele- 
vated on tlie left side. King added a tenth 
clinical case. 

If the blood pressures in the two arms differ 
significantly, the collateral s)-stem (if present, as 
indicated by notching of the ribs) rrisls on the 
side with the higher blood pressure (Love and 


Holms, 1939, Edwards, 1934). It was noted by 
Burchell and associates (1950), however, that 
costal notching at times may not bo apparent on 
either side. Crishman and associates (1914) de- 
scribed the roentgenographic features in cases of 
aortic coarctation with absence of the left radial 
pulse. Rarely, as in a report by McGregor and 
Medalie (1932), blood piessuics ami pulses may 
not be obtained in any of the four extremities. 
In their case, the carotid arteries carried col- 
lateral blood to the circle of Willis, and from 
this position, blood was carried by way of the 
vertebral system to the portions of the body in- 
ferior to the site of the coarctation. The vascular 
changes found were aortic coarctation, located 
between the left common carotid and left sub- 
clavian arteries, and a right subclavian artery lliat 
arose distal to the coarctation. 

«).AHCr.xTJO.v of Lowtn thoilacic on 

ABDOMINAL rORTlONS OF AOIITA 

Coarctation involving the lower thoracic or 
the abdominal aorta may be manifested by 
liNTTcrtension and absence of a readily de- 
monstrable collateral system. 

COMICTATION .OCD PATENT DUCTirS 
AHTEniOSUS 

The clinical picture varies among patients hav- 
ing coarctation of the aorta and patent ductus 
arteriosus (Johnson ct al., 1951; Taylor ef oh, 
1950). Formerly it was thought that Uie varia- 
tion depended on the position of the co.-irclalion 
with respect to the patent ductus arteriosus (Ed- 
wards ct al., 1949). At present the author be- 
lieves that the relative i>usition of the two co- 
existing lesions is probably of little importance 
in patients surviving inffincy, while the size of 
the ductus arteriosus is paramount. MTien the 
ductus arteriosus is relatively narrow, the clinical 
picture is that of coarctation witli a well-de- 
veloped collateral sv’stem and signs of classic 
patent ductus arteriosus. Patients with a wide 
ductus arteriosus present signs of pulmonary 
hypertension. They may also have manifestations 
of coarctation of the aorta, if the flow is from 
the aorta into the pulmonary arter>’ and if the 
collateral sj-stem, bvpassing the coarctation, is 
well developed. Among patients having a right- 
to-left shunt tlirough the ductus arteriosus, it is 
less likely that a collateral system associated 
with the coarctation will be demonstrable (Hax- 
ton and Thomson, 1948; Lr^-ds et fib, 1933). In 
these instances, significant differences in oxygen 
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saturation behveen the upper and lower portions 
of the body may be apparent. In such cases, the 
picture may be difficult to distinguish from so- 
called reversing ductus arteriosus without asso- 
ciated coarctation. 

tuhner’s S^'KDROME 

About 10 per cent of persons with o\'arian 
agenesis (as part of Tuniers syndrome) also have 
coarctation of the aorta. Extensive reviews of 
this syndrome were made by Wilkins and Fleisch- 
maim (1944) and van Creveld and de Vaal 
(1949). Other outward signs of this develop- 
mental disturbance include webbing of the neck 
and increased carrying-angles at the elbows. 

Complications and Prognosis 

Coarctation of the aorta may occasionally 
allow a patient to reach a full span of life. 
The patient of Hayes and Stauffer ( 1949) was 
living at age 72 years. The malformation often 
produces death prematurely. Before compli* 
cations develop, the patient frequently has no 
disability and may partake in arduous labor. 
Newman (1948) reported on 23 patients who 
had served in the British military forces. As 
a rule, in women with coarctation, cardiac 
compensation is maintained during preg- 
nancy (Baber and Daley, 1947, re%iew of 43 
cases with pregnancy; Shanahan ct al., 1958). 

Of 104 fatal cases of the so called adult type 
coarctation, in ^vhicJj the ratio of males to 
females was 5:1, Reifenstein and associates 
(1947) found that 61 per cent of the patients 
who had survived infancy did not live beyond 
age 40. The a\erage age at death was 35 years. 
Three-fourths of the p.itients dierl as a result of 
the malformation, the others from unrelated 
causes. The 4 common fatal complications are: 
left ventricular failure, bacterial eridocardith or 
florfifts, chssectiug aneurysm of the aorta and rup- 
ture of an aneurysm of the circle of Willis. Left 
ventricular failure results either entirely or in 
part from the existing hypertension. Insufficiency 
of the bicuspid .aortic ^ub’e may contribute to 
left \entricular failure. In Reifenstein s series 18 
per cent of the patients died of congesfice cardiac 
failure, the average age at death being 39.3 years. 

Bflcfcrifll endocarditis usually develops upon a 
bicuspid aortic valve (Kellogg and Biskind, 2934{ 
Wrclisler and Gustafson, 1937; Hallock and Ileb- 
bcl, 1939) (Figure VI-143a). Bacterial endo- 
carditis accounts for death in about a fifth of 


the cases of aortic coarctation (Abbott, 1928; 
Blackford, 1928; Reifenstein et ah, 1947). Other 
foci of intravascular infection are less common. 
Reifenstein and associates reported bacterial aor- 
titis involving the ascending aorta in 2 of 104 



Figure VI'143. a. Bacterial endoc.irdifJs 
complicating a bicuspid aortic valve, from 
a man aged 25 years with coarctation of the- 
aorta, b. The left ventricle and aorta, from 
a vvoinan aged 34 ye.irs vvilii aortic co-arcta- 
tion. Beyond the origin of the dilated left 
subclavian .artery the aortic lumen narrows 
sliarply and charactenstically. In the as- 
cendtng aort.i, .above a bicuspid aortic valve, 
there Is a rent characterivlic of dissecting 
ancMiysin. Rupture of the .aorta into the 
pcricanllal sac caused death. (From a case 
of the I.ite Dr. Timothy Leary of Boston. 
Iliiistration reprotluced witli his pcmiis- 
sion ) 
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Figure VI-144, a Photomicrograph of a specimen of aorta rcniovetl surgically hy Dr. 0. T. 
Clagett for coarctation The aorta Iws been oriented and sectioned hLe the aortas in Fig- 
ures VI-13Gb and VI-137. Tlie prosima) portion of tlic aorta lies to tlic left. The .aortic end 
of the hgamentuin arlenosum blonds «ath llic louer surface of the aorta. Immedi.ifcly distal 
to the hgamcntiim the supenor wall of the aorta shosss the characteristic medial defoniiity 
causing coarctation An aneur>sm invoKes the dsrscending aorta ami the moiitli of an inter- 
costal artery. (El-t<?; X4.) h. The circle of WjIIIs, from a man aged 28 years ss-fth coarcta- 
tion of the aorta Two aneurysms, neither of which has ruptured, are present {From Edwards 
et of. 1948a. > 


cases and similar lesions just distal to the coarcta- 
tion in 4 other cases. 

Bauer and Iverson (1943) reported 2 cases 
%vithout bacterial endocarditis but with bacterial 
aortitis and mycotic aneurysm ongirwUng just 
beyond the coarctation; in 1 instance the aortic 
aneurysm ruptured and in the other, a secondary 
mycotic aneurysm of the superior mesenteric ar- 
tery ruptured. They found in the literature 10 
other cases of primary bacterial aortitis compli- 
cating coarctation. The ages of the patients >"aned 
from 6 to 38 years, Koletsk>’’s (1942) patient 
being the oldest. An aortic mvcoHc aneurysm, 
either proximal or distal to the coarctation, may 
be secondary' to a complicating bacterial endo- 
carditis. 

Rupture of the aorta, other than as a reswU of 
localized bacterial infection, is also a common 
cause of death. Tlie most frequent lesion in this 
group is dissecting aneurysm originating in the 
ascending aorta (Figure VI-143b). It causes 
death in about 17 per cent of cases of coarcta- 
tion. Less often, fatal aortic dissecting aneurysm 
originates distal to the coarctation. Cases of 
aortic coarctation complicated by dissecting aneu- 
rysms ha\e been reported by Binder (1919), 
Boyd and Werblow (1937), Regester and Innes 
(1938), Black (1942), Lewis (1945) and Griev’c 


(1952). Usu.tlly the dissection starts in the as- 
cending aorta or arch and terminates at the level 
of the coarctation, with niptvire ocairring into 
the pericardial sac. 

Rupture of the aorta distal to the co.irctatlon 
may occur in a mycotic aneurysm, a bl.ind saccu- 
lar aneurysm or a dissecting aneurysm (Balm ct 
al., 1954). Mycotic aneurysms of the dist.al por- 
tion of the aorta may' occur as a complication of 
bacterial endocarditis or m-ay result from primary 
bacterial aortiUs (France ct nh, 1950). Moragiies 
and associates (1942) found only 5 cases of nip- 
lure of the aorta distal to coarctation tliat had 
been reported. Their patient, a boy’ aged 11 years, 
had a saccular aneurysm just beyond the coarcta- 
tion, which ruptured into the esophagus. Keek- 
er's patient (1939), a man aged 62 years, had a 
dissecting aneurysm of the descending aorta. The 
patient of Zaslow and Xrasnoff (1943), a man 
aged 23 years, had a fusiform aneurysm of the 
descending aorta which niptured into the left 
pleural cavity. These authors suggested that eddy 
currents in the blood just distal to the coarcta- 
tion may’ have caused gradual weakening of the 
aorta with formation of aneurysm. They expressed 
this opinion (which is probably correct), even 
tbfwt gb they found mucinous cysts in the media of 
the aorta. Rupture of the aorta through a jet 
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lesion was described by BeJIet and Gelfand 
(1952). Blickman (1949) expressed the opinion 
that localized formation of bland aneurysm be- 
yond the coarctation is the result of primary de- 
ficiency in the structure of the aorta rather than 
of localized trauma as postulated by Edwards 
and associates (1948a). An infected or a bland 
aneurysm may develop at the site of the aortic 
anastomosis after repair of coarctation (Bliclc- 
man, 1949, Martin et al., 1956). Clark and Koe- 
nig (1947) reported the roentgenologic and 
pathologic features of an unruptured bland sac- 
cular aneurysm of the descending aorta in a 
woman of 25. Halonen and Aho (1949) de- 
scribed 2 cases of aortic coarctation complicated 
by saccular aneurysm just bcyxind the constric- 
tion. One occurred in a woman aged 39 years; 
m the other patient, a man aged 20 years, the 
aneurysm ruptured. 

Excision of an aneurysm of the descending 
aorta in patients with coarctation of the aorta has 
been reported by Alexander and Byron (1944) 
in a 19-year-old youth, and by Shumacker (1948) 
in a boy aged 8% years. Dr. O. T. Clagelt of the 
Mayo Clinic, e.xcised an aneurysm (Figure VI- 
144 q) from a 24-year-old woman, which was 
continuous with the aorta but seemed to arise 
from an intercostal artery. 

Abbott noted neurologic lesions in 25 of the 
200 cases which she reviewed. Twenty of these 
had an intracranial hemorrhage, mainly as a re- 
sult of rupture of an aneurysm of the circle of 
Willis (Figure VI-I44b). In 5 cases other types 
of neurologic lesions were observed, these in- 
cluded cerebral emboli and rarely involvement of 
the spinal cord, as in the cases of Haberer (1903) 
and of Christian and Noder (1934). Among 104 
cases reviewed by Reifenstein and associates, 13 
patients had intracranial lesions, in 9 instances 
the brain was examined and a mptured aneurysm 
of the circle of Willis was found in S (as in the 
cases of Daries and Fisher, 1943, and Wright, 
1949). Two patients had a subarachnoid hemor- 
rhage but an aneurysm was not found. One pa- 
tient had lesions caused by cerebml atherosclero- 
sis, and in 1 patient, embolism to the brain com- 
plicated an aneurysm of the aorta. These cases of 
cerebral complications of coarctation do not in- 
clude those in which bacterial endocarditis was 
present. 

The patient of Clark and Firminger (1949), a 
man aged 31 years, had complete heart block 
and Adams-Stokes syndrome associated with cal- 
cific stenosis of a bicuspid aortic \-alvc. In tlie 
report of Moore and Dimond (1946), tbe WollT- 


Parkinson-Whfte syndrome was observed in a boy 
aged 15 years with coarctation. The association 
xvas believed to be coincidental. Smith and Mat- 
thews (1955) emphasized that calcific stenosis 
may complicate congenital bicuspid aortic valve 
associated with coarctation of the aorta (Figure 
Vl-145). Reifenstein and associates reported that 
calcification of bicuspid aortic valves was present 
in 11 of 93 cases of coarctation of the aorta in 
wltich the pathologic descriptions were adequate. 
In some patients having aortic coarctation and ob- 
struction at the aortic valve, it is impossible clini- 
cally to distinguish acquired calcific disease from 
coexisting congenital subaortic stenosis (Kroeker 
et al., 1954). In patients with associated aortic 
or mitral valvular disease, resection of the coarc- 
tation may be followed by acute circulatory fail- 
ure (Jacobson et al., 1953). 

Endocardial sclerosis of the left ventricle may 
be obseived with coarctation of the aorta at 
necropsy in infants (Bahn et at., 1951). It is 
uncertain whether this represents a secondary 
lesion or whether it is always an associated con- 
genita] anomaly, as suggested by Oppenheimer 
(1953). The author believes that in sonje in- 
stances the left ventricular endocardial sclerosis 
is secondary to the dilatation of left ventricular 
failure which is the result of the coarctation. 

NecrotWng arteritis of the abdominal organs 
with infarction may follow' repair of coarctation of 
the aorta (Lober and Lillehei, 1954; Perez-Al- 
varez and Oudkerk, 1935; Benson and Sealy, 
1936). 

DEVELOPME:.VrAI. BASIS 

Tlie so-called skodaic hypothesis, fre- 



Ficure Vi-145. Unopemti aortic ^aUc from fliioiv, 
showing a calcifictl stenotic congenitally bictupitl 
take From a man with co.irctafion of the aerrfa. 
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quently mentioned as tlie cause of coarcta- 
tion of the aorta, was evidently first pro- 
posed by Craigie. It assumes that the coarc- 
tation is caused by an overgrowth into the 
aorta of the tissue that closes the ductus ar- 
teriosus. 

Even without observations on the structural 
nature of the coarctation, there are sufficient ob- 
jections to this hypothesis to make it untenable. 
For one thing, it does not explain cases of coarc- 
tation in which the aortic stricture lies some dis- 
tance from the ligamentum arteriosum, nor does 
it explain the rare occurrence of coarctation at 
two sites (Benkwatz and Hunter, 1937; Efskind 
and Sanderud, 1935). Moreover, coarctation 
sometimes exists in the presence of a patent duc- 
tus arteriosus. 

Pezzi and Agostoni (1928), on the basis of 
histologic studies, claimed tlial smooth muscle 
which causes the obliteration of the ductus arteri- 


osus invades the wall of the aorta and encircles 
it. By its proliferation, the smooth muscle causes 
a beltlike constriction of the aorta. Bremer 
(1948), on the basis of studies on pig embryos, 
expressed the opinion that the so-called adult 
tyi>e of coarctation in human beings was caused 
by extension of ductal tissue into the aorta. Fried- 
berg (1941) regarded coarctation as a develop- 
mental disturbance of the aorta itself. After 
studving reconstructions of the aorta and hga- 
mentum aiieriosum in coarctation, my associates 
and I believe that the Hssue of the ductus arterio- 
sus in coarctation of the aorta has the same rela- 
tionship to the aorta as in normal persons. Though 
I must reject the skodaic h}pothe.sis, I cannot 
offer an explanation for the cause of coarctation. 
Since coarctation is observed at birth, the condi- 
tion should be regarded as a congenital malforma- 
tion dev’eloping during intra-uterine life. Its oc- 
currence in siblings (Moss, 1955) supports this 
view. 


INTERRUPTION OF AORTIC ARCH 


Interruption (complete interruption of con- 
tinuity) of the aortic arch functionally re- 
sembles coarctation of the aorta but probably 
has a differential developmental basis. A pa- 
tent ductus joins the descending aorta. 

Kleinerman and associates (1038) reported 
that the literature contained reports of 21 cases. 
They observed 6 additional cases over a period 
of 10 years at the Cleveland City Hospital. Asso- 
ciated cardiac defects are common, the most im- 
portant being ventricular septal defect. This mal- 
formation w'as present in 16 of the 18 cases re- 
view'ed. In an additional case, cor biloculare was 
present; and in 1 of the 18 cases reviewed, intra- 
cardiac defects were absent. 

The position of the great vessels arising from 
the aortic arch varied wnth respect to the site of 
obliteration of the arch. Most often (in 7 in- 
stances reviewed by Kleinerman and associates), 
the left subelav ian arlerj’ arose from the descend- 


ing aorta just proxlm.'il to the junction of Uie de- 
scending aorta with the ductus arteriosus. In only 
4 cases did the three branches of the arch arise 
in the normal sequence. Origin of both subcla- 
vian arteries from the descending aorta occurred 
3 times. HypopIasLi of the ascending aorta is 
common and the aortic valve is bicuspid in about 
half the cases. Death during early infancy is the 
rule, probably because of the commonly asso- 
ciated serious intracardiac malformations com- 
bined with aortic obstruction. 

in the case reported by Barger and associates 
(1934), the ascending aorta terminated by divid- 
ing into the two common carotid arteries. A duc- 
tus arteriosus was present on each side. Tlie left 
subclavian artery arose from the descending aorta 
which joined the left ductus arteriosus while the 
right subclavian artery arose from the right duc- 
tus arteriosus and had no communication with 
any portion of the aorta. 


VASCULAR RINGS 


By common usage the term vascular rings 
refers to malformations of the aortic arch sys- 
tem which are responsible for interference 
with the function of the trachea and the 
esophagus. In this section, we shall discuss 


these malformah'ons as well as those tlial are 
developmental!)' related to them. In most 
but not all of the malformations to be cov- 
ered, the cardiac development is normal and 
the ductus arteriosus also closes normally. 
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Nevertheless, the ductus arteriosus or the 
ligamentum arteriosum plays an important 
role in the development of tlie vascular rings. 
In particular, we shall discuss the position 
and attachments of the ductus arteriosus. Un- 
less specifically stated, use of the term “duc- 
tus arteriosus” \vill imply a normally closing 
or closed ductus arteriosus. 

Reviews of an.Ttomic types of vasciiLr rings 
are included in the papers of Grob (1949), Gross 
and Neuhauser (1951) and Edwards (1953). 
In offspring of rats deficient in vitamin A, Wilson 
and Warkany (1950) experimentally induced 
aortic anomalies similar to those in the human 
being. 

Surgical diuKion of vascular rings is designed 
to relieve compression of the esophagus or trachea 
or both. In most instances, dnamatic relief of 
tracheal obstruction is obtained by the surgical 
procedure, but sometimes symptoms persist for 
months as a result of continuing deformity of the 
trachea (Carson and Goodfriend, 1949). 

Rarely anomalous arteries arise from the de- 
scending thoracic or abdominal aorta to supply 
part of the pulmonary tissue. Sometimes the pul- 
monary tissue has a normal bronchial connection; 
in other instances, the part of the lung supplied 
by the anomalous artery is isolated. Anomalous 
arteries of this type do not fall into the category 
of vascular rings. (For review of the subject, see 
Fmdiay and M.iier, 1951). 

Many anatomic classifications have been 
offered for malformations of the aortic arches. 
Most classifications, however, do not include tlie 
malfonn.ations in ivhich the ductus .arteriosus or 
the ligamentvim arteriosum is on the right side. 
It IS difficult to supply a classification which is 
all-inclusive. Nevertheless, I liave presented (Ed- 
w.irds, 194Sa) a ^v•ork^ble classification. For a 
comprehensive understanding of the malforma- 
tions of the derivatives of the aortic ardi system, 
it is desirable that the various forms bear some 
dei'elopmental relationship to each other. In 
this way, various malformations could be related 
to the aortic arch system portrayed in the stand- 
ard Ratfike diagram of the six pairs of aortic 
arches; and. by oblitemtion or dis.^ppea^lnce of 
certain parts of this system, the various known 
forms could be deri\ ed and certain forms as yet 
undescribed could be anticipated. 

The Ratlike diagram has several shortcomings. 
The definitive aortic arch is portrajed as derix'cd 
Only from the primili\c left fourth arch. Barry 


(1951) has indicated that the origin of the arch 
of the aorta is more comple.x, important changes 
in the shape and relations of the arch occurring 
between the times portrayed by the diagram and 
the time of birth. Some of these changes are the 
result either of different rates of growth of the 
various parts of the system or of ad.iptation to the 
shape of other structures developing in the 
mediastinum. Another possible source of confu- 
sion is that, in the stages portrayed in the Rathke 
diagram, the subclavian artery lies caudad to the 
sixth aortic arch which is to form the ductus ar- 
teriosus but, by the time of birth, the subclavian 
artery lies in a position cepbalad to the ductus 
arteriosus. It would, therefore, be preferable to 
use a pattern which retains those parts of the 
primitive aortic arch pattern that are necessary 
for an understanding of the subject and which 
at the same time has gone through the adjust- 
ments of growth and the shift of the subclavian 
artery to its definitive position cephalad to the 
ductus arteriosus. Therefore. I proposed using a 
malformation known as the douhlo aortic arch. 
Two types of double aortic arches were em- 
ployed. In one, the descending aorta and the 
ductus arteriosus were each on the left side and, 
in the other, the descending aorta and the duc- 
tus arteriosus were on the right side. This ap- 
proach bad shortcomings since it did not take into 
account the rare instances in which the descend- 
ing aorta and the ductus arteriosus are on contra- 
lateral sides of the body. 

Kirklin .ind Clagett (1950) essentially ex- 
tended this classification to overcome these defi- 
ciencies. In the following classification, uhich is 
modified from the one proposed by them, a more 
primitive and hj'pothetical form of double aortic 
arch is used as a Lisic pattern. From this, .all the 
known patterns of the aortic arch system may be 
derived. The proposed basic pattern (Figure VI- 
I46a), is a double aortic arch having, both a left 
and a right ductus arteriosus. The descending 
aorta is in a neutral position but, in the develop- 
ment of the forms derived from the basic pattern, 
the descending aorta devaates to one side or the 
other. In addition, by either .afrcsi,a or disappc.ar- 
ance of certain parts of the basic pattern, the 
x'atious patterns of the aortic arch s>slem may be 
detiwd and related to one another. tVjth rare ex- 
ceptions, tlie ductus arteriosus of one side dis- 
appears, and tlie descending aorta deviates to one 
side. Four basic subgroups thus result. Each sub- 
group has a double .aortic arch « I’th different posi- 
tion of tlie ductus and the descending aorta. 
^Vhcn the descending aorta deviates to the right. 
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Fiffiire \'I-I46. a Double aorbc arcb and double ductus arteriosus. This is a liyTWlhelical 
fonn representing the basic pattern from ubicli the \arioiis anatomic forms of the aortic 
arth system may be derived, b. Ghon^ case of double ductus arteriasus. Note a right aortic 
arch and right descending aorta, a right ductus which inserts into tlie right arch, and the left 
suliclavian artery attached to an obliterated left-sided ductus arteriosus. (Modified from 
illustration of Chon.) 


it lins the following characteristics. The upper 
portion of the descending aorta lies on the right 
side of the thorax, to the right of the esophagus. 
In the lower part of the thorax, usually at the 
level of the hotly of either the eighth or ninth 
thoracic vertehni, the aorta crosses to the left 
behind the esophagus and then emerges from the 
thorax through the aortic hiatus of the diaphragm. 

CJassificathn 

(After Kirklin and Clagett, 1950) 

Rasrc paffemr Dcniblc aortic ardt an<l cfrwWe 
ductus arteriosus. 

Subgroup A: Left-sided ductus arlerinsus 
and left-sided dc.scending 
aorta. 

Subgroup B: Left-sided ductus arteriosus 
and right-sided descending 
aorta. 

Sfihgrori/i C: Right-sided ductus arteriosus 
and right-sided descending 
aorta. 

Subgroup D: Right-sided ductus arteri<K»is 
and left-sided descending 
aorta. 

Apparently, no ease of a functioning double 
aortic arch with bilateral ductus (Figure VI- 
140ri) has been described, but malformations 
whicli arc closely relalcxl to it arc known. 


Tlie case of Breschet, which was reproduced as 
Figure 30 m Pojmter’s monograph (1916) on 
aortic and arterial anomalies, showed an obLter- 
ated ductus on each side. The aortic arch pattern 
was olhenvise normal. The case of Chon (1008) 
had but one aortic arch. Tliis and the descending 
aorta were both on the right side (Figure Vl- 
1466). Poynler mentioned the cases of Hilde- 
brand and of Holst in which the left stibclactan 
artery arose from a patent ductus orferiojus. Me- 
Kim and Wiglesworth (1954) reported 3 exarn- 
ples of absence of tlie left pulmonary artery; 2 of 
the patients Iiad anatomic tetralogy of Fallot and 
1. a large ventricular septal defect. In each in- 
stance the pulmonary trunk continued as the right 
pulmonary artery', the aortic arch was on the right 
side, and the first branch of the aorta w'as a left- 
sided innominate artery from which arose the left 
common carotid and left subclavian arteries ns 
well as the obliterated ductus arteriosus. The 
lower end of the left-sided obliterated ductus 
arteriosus communicatcxl with the left pulmonary 
artery at the hilus of the left lung. In one of the 
cases, a nght ductus arteriosus join«I the aortic 
arch and the right pulmonary artery. In addition 
to this single case of established bilateral ductus 
arteriosus, right-sided ductus arteriosus probably 
was present in one other case iu McKim and Wig- 
Icrsworth's group. These authors support the view 
that with absence of the right pulmonary artery, 
as In the case of Jew and Gross (1032). the duc- 
tus arterimus is bilateral. In the case of Jew 
and Gross ( 1932), the aortic arch was intmupteil 
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and the pulmonary trunk gave origin only to the 
left pulmonary artery and a left-sided ductus 
arteriosus. The author has observed 6 cases of 
bilateral ductus arteriosus. In each case both 
pulmonary arteries were present and only one 
arch or an infemipted aortic arch existcrh 

SUBGROUP A; LEPT-SIDED DUCTUS ABTEBIOSUS 
AND LEPT-SIDED DESCENDING AORTA 

The vast majority of patterns of the aortic 
arch system belong to this subgroup. Tliey are 
related to the double aortic arch of the basic 
pattern as follows; The right ductus disap- 
pears and the descending aorta deviates to the 
left. The functioning double aortic arch illus- 
trated in Figure VI-147« represents a basic 
pattern from which all members of subgroup 
A may be derived. 

1. Functioning Double Aortic Arch (Figures 
VI-147a and b). The double aortic arch has the 
following characteristics: The ascending aoila 
arises normally from the left ventricle and then 
divides into two arches, a left and a right. The left 
or so-called anterior arch closely follows the 
course of the nonnal aortic arch. It passes in front 
of the trachea and over the left ma/or bronchus 
to join the descending aorta wbicli lies on the 
left side of the body, The right or so-called pos- 
terior arch passes over the right major bronchus 
and then turns rather abruptly to the left, dorsal 
to the esophagus and ventral to the vertebra! 
column. It joins the left arch either to the left 
of, or dorsal to, the esophagus at the point at 
which the latter arch joins the descending aorta. 
The branches of the aortic arches are symmefri- 
oall}’ arranged. The right common carotid and the 
subclavian arteries arise independently, in that 
order, venlrodorsally from the right aortic arch. 
Similarly, the left common carotid and subclavian 
arteries arise from the left arch, The ductus arteri- 
osus is inserted into the left arch between the 
origin of the left subclavian artery ventrally and 
the junction of the left and right arches dorsally. 
Tile inferior attachment of tlie ductus .irferiosus 
is to tlie left pulmonary artery. 

When a functioning double aortic arch easts, 
the two arches are often of unequal diameter, the 
right one usually being svider (Figure VI-147b; 
Cumow, 1873; Blincoe cf al., 1936, Woltnan, 
1939; Herbut, 1943, Case 11; Neuhauser, 1946; 
Gordon, 1947, Case 3; Sucet et at., 1947, Osse 
3; Sakl.-), 1950), Occasionally the two arches are 
of approximately equal caliber (Schall and John- 


son, 1940, Crystal et ai, 1947), or the left arch 
is larger (Gordon, 1947, Case 4). While double 
aortic arch may be found in the other subgroups, 
it occurs most commonly in subgroup A (Gris- 
wold and Young, 1949). Such a malformation 
may he visualized by angiography (Shop, 2949). 

2. Focal Atresia of One Aortic Arch. An ac- 
centuation of the inequality of the hvo aortic 
arches leads to anomalies in which part of one 
of the arches is atretic and resembles a fibrous 
cord. As a rule, the atresia is situated m the left 
arch but it is theoretically possible for portions of 
the right arch, instead, to be atretic. Three ana- 
tomic forms are recognized, depending upon the 
site of the atretic segment of the left arch. Hypo- 
thetically, the atresia may involve that part of 
the left aortic arch which lies between the origins 
of the left common carotid artery and the left 
subclavian artery (Figure VI-147c), it usually 
lies between the origin of the left subcIavi,Tn ar- 
tery and the aortic insertion of the ductus arteri- 
osus (Figure VI-147rf; Thomson, quoted by Tur- 
ner, 1862; Brigham, 1922, Ewald, 1926, Arkin, 
1936, Griswold anti Young, 1949, Case 1), or 
it may involve the most distal part of the left 
arch between the aortic insertion of the ductus 
arteriosus and the region of the posterior junc- 
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Figure Vi-147. V’ascular nng«, subgroup A. (Left 
ductus, left descencLng aorta.) (Froin Edu-ards, 
1948b. Reproduced by pcmiission of tlio W’. B. 
Saunders Company.) a. Functioning double aortic 
arcli in which tiie two .irehes are of about equal sire, 
b. Functioning double aortic arch in which the left 
arch IS smaller than the right, e. A double aortic arcli 
with atresia of the left arcli between the left common 
carotid ami left swbcU\-ian aiteries. (Hypothetical 
form.) cl. Double aortic arch with atresia of the left 
arch between the ductus arteriosus and the origin of 
the left sidieliii.-m arterj’. 
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tion of the left and right aortic arches (WatsoPi 
1877). 

3. Right-Sided Aortic Arch with Rctro-esophfl* 
geal Segment and Left-Sided Descending Aortfl* 
In cases of double aortic arch in which a portion 
of one arch is atretic but recogniz-iblc, it is evi- 
dent that the atresia occurred rather late during 
fetal life or after birth. Should obliteration of n 
portion of a double aortic arch tahe place rela- 
tively early in fetal life, the atretic segment may 
no longer be present as an idcntihable slnictufc 
at the time of birth. The double arch tlien doir“» 
not exist as a continuous stnicture. Such variants 
of the double aortic arch are included in the fol- 
lowing forms. 

0 . Right-sided aortic arch tcilh rctro-csophtf- 
gcal segment and Jeft-sided r/escending aorta; left 
subclacian artery originating from aortic diccrit- 
cidum. The segment of the left aortic arch be- 
tween tlie origin of the left common carotid artcr>' 
and the left subclavian artery disappears, giving 
the pattern shown in Figure VM48rt. There is 
but one complete aortic arch, the right, which 
passes over the right broncluis and then turns to 
the left at about the level of the body of the third 
or fourth thoracic vertebra, between the esopha- 
gus ventrally and the spinal column dorsally- 
Either directly dorsal to the esophagus or to its 
left, the aortic arch joins the descending aorta 
which usually lies to the left of the midime. The 
first three branches of the aortic arch are the left 
common carotid, the right common carotid, and 
the right subclavian arteries, in that order veU- 
trodorsally. The left subclavian after>' arises as 
tbe fourth branch of the aoita from a sacculat 
outpouching that lies at tlie left superior angle 
of the junction of the right aortic arch with the 
descending aorta The diverticulum usually lies 
against the left side of the esophagus, and into 
its lower anterior aspect is inserted the superior 
portion of the ductus arteriosus. The inferior at- 
tachment of the ductus arteriosus is to the left 
pulmonar>’ artery (Quain, 1844; Turner, 1863- 
Herringham, 1891, Abbott, 1892; Reid, 1914; 
Ewald, 1926, Case 4, Pense, 1930, Bedford and 
P.arldnson, 1936; Herbut, 1943, Case 10). 

This condition is comparable with that illus- 
trated in Figure ^^-147c in w’hich there was pre- 
dicted atresia of the segment of the left aortic 
arch between the origins of the left common ca- 
rotid and left subclavian arteries, and in which the 
atretic segment would be identifiable as a fibroid 
cord. Because the atretic segment is no longer 
identifiable, on casual examination one miglit not 
identify the anomaly as a variant of the double 


aortic arch. Tlie aortic divcrtiailum that gi'cs 
rise to the left subclavian arter>’ and serves as a 
point of attachment for the ductus arteriosus 
should be regarded as a patent posterior portion 
of a left aortic arch. The segment of the left aortic 
arch between the origin of the left subclavian and 
common carotid arteries disappeared during early 
embryonic life and is not identifiable. 

Despite the absence of the symmetrically con- 
stricting effects of a contimious double aortic 
arch, a vascular ring is present about the trachea. 
Tlie nng is formed by the right aortic arch on 
the right, the retro-esophageal segment of the 
right aortic arch dorsally, the aortic diverticulum 
and the ductus arteriosus on the left, and the 
bifurcation of the pulmonary trunk ventrally. The 
siil»cl.avian artery plays no role in formation of 
tbe vascular ring. In such instances, a bre.ik in 
the continuity of the vascular ring may be ac- 
complished by the division of the ductus arterio- 
sus, which allows left lateral expansion of the 
trachea and the esophagus. The procedure also 
allows the bifurcation of the ptilmonar>' tnink to 
lead away from the ventral surface of the Irachra, 
with relief of pressure against that tube. Tlie 
left common carotid arterj’ arise.s to the right of 
tbe midime and crosses ventral to the trachea to 
re.ich its usual position on the left side of the 
superior mediastinum. Cross and Ware (1010) 
and Gross (1946, 1947) recommended dislocat- 
ing ibis arter>’ if it compresses the trachea un- 
duly. 

b. Wght-sided aortic arch with retro’Csopha- 
gcal segment and left-sided descending aorta; left 
siibclooian orient originating from left innominate 
artery. Referring to the double arch of this sub- 
type (Figure VI-I47fl), it is evident that if the 
portion of the left aortic arch between the origin 
of the left subclavian artery and the insertion 
of the ductus arteriosus disappears, the pattern 
appears as in Figure VI-148h. There is one aortic 
arch, the right. This passes over the riglit major 
bronchus, then turns to the left and passes be- 
tween the esophagus and the .spin.al column, as 
in the anomalies previously described. Dorsally, 
or to the left of the esophagus, it joins the left- 
sided descending aorta. At the junction of the 
aortic arch and descending aorta, there is a diver- 
ticulum into whicli the ductus arteriosus inserts 
(Gruber, 1912, Case 2). The left subclava'an ar- 
tery does not arise from the diverticulum but 
instead arises from a left-sided innominate arler)' 
in common with the left common carotid arter)*. 
The left kmominate artery is tbe first brantb tif 
the aortic arch, the second and third branches 
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being the right common carotid and right sub- 
clavian arteries, respectively. 

4. Left-Sided Aortic Arch and Left-Sided De- 
scending Aorta. The types of anomalies that have 
been discussed under Subgroup A thus far were 
characterized, not only by the presence of the 
ductus arteriosus on the left side, but also by the 
presence of a right-sided aortic arch either alone 
or associated with a left-sided aortic arch. Since 
the cephalic part of the descending aorta lay 
either in the midline or to the left of the midline, 
the dorsal portion of the right aortic arch had 
a horizontal segment, posterior to the esopha- 
gus, which was directed toward the descending 
aorta. In the remaining types of vasailar patterns 
to he considered in Subgroup A, the left aortic 
arch IS the only one that is present as a continuous 
functioning vessel. Portions of the right arch 
ha\’e disappeared. 

a. Left-sided aortic arch and left-sided de- 
scending aortas right subclavian artery arising 
from distal portion of aortic arch or from the de- 
scending aorta. This pattern is characterized by 
the disappearance of the segment of the right 
portion of the double aortic arch between the 
origins of the right common carotid and the right 
subclavian arteries. Consequently, the first 
branch of an otherwise normal left-sided aortic 
arch is the right common carotid artery rather 
than the innominate artery. The second and third 
branches of the arch are the left common carotid 
and the left subclavian arteries, respectively. The 
right subclavian artery arises as the fourth 
branch of the aorta from either the aortic arcli or 
the cephalic part of the descending aorta f Fig- 
ure VI-148c) . The origin of this artery is fre- 
quently wider than the rest of the intratlioracic 
portion of the vessel, a feature that is not unex- 
pected since the origin of the right subclavian 
artery m this anomaly represents the most dorsal 
portion of a right-sided aortic arch. From its 
origin on the left side of the midline, the right 
subclavian artery proceeds cephahcalJy and to 
the right in an oblique direction. It crosses the 
midline, usually by passing between the esopha- 
gus ventrally and the spinal column dorsally 
{Thomson, 1893; Holzapfel, 1899; Poynter, 1916; 
Goldbloom, 1922; Dolgopol, 1934), Less often, 
as in Bayford’s case (1794), the artery lies be- 
tueen the esopliagus and the trachea as it passes 
from the left side of the body to the right side, 
and even less commonly does it cross ventral to 
the trachea. 

Origin of the right subclavian artery’ as the 
fourth branch from an othervvise normal aorta is 


the most frequent of the anomalies under con- 
sideration. It may occur as often as once m every 
200 persons. Usually it dees not give rise to 
symptoms. When present, symptoms are related 
to interference with the function of the esophagus. 
While usually no other malformations are asso- 
aated with this anomaly, Brean and Neuhaiiser 
(1947) described this malformation in 3 infants 
in association with patent ductus arteriosi. In 
only one of these did the right subclavian arteiy 
seem to cause dysphagia. If the function of the 
esophagus is compromised by the anomalous ar- 
tery, the latter should be divided. 

This anomaly may be associated with coarcta- 
tion of the aorta eitlier distal or proximal to the 
origin of the anomalous artery (Sealy, 1951; 
KroeVer et ah, 1954, see Section on Coarctation, 
page 450). Rupture of an aneurysm of an anoma- 
lous fight Subclavian artery u-as reported by Rich- 
ards and Elliott (1957). 

b. Left-sided aortic arch and left-sided de- 
scending aorta, normal arch and branches. It 
seems logical to consider the features of the nor- 
mal aorta at this point since it too can be regarded 
as a modification of the double aortic arch. If one 
assumes that the double aortic arch of Subgroup 
A is modified so as to result in loss of the right 
arch between the origin of the right subclavian 
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Figure VI-148. Vascular rings, subgroup A, continued. 
(From Edwards, 1948b. Reproduced by permission 
of tlie W, B. S.aimdm Company.) a. A right aortic 
arcli uilh refro-csop?Mgea! segment. L</t descfiKlmg 
aorta. Left ductus inserts into aortic divorticulum 
from which left sul>cla\ian artcr)’ arises, h. Right 
aortic arch with relro-csopbagcal segment. Left de- 
scending aorta. Left ductns inserts into aortic diver- 
ticulum. Left subclan’an artcr}' originates from left 
itmominatc artery, c. Right suiKldvian artery rinses 
as a fourth branch of an otiionvi'.c nonnal aorta. 

<1. Nonnal aorta. 
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Figure V1-M9. VasciiLr nngs, subgroup B. (Left iliictns, riglit dcsccniling aorta.) a. Func- 
tioning double aortic arch. (From Kirklin and Clagett, 19oU.) b. Right aortic arch. Right 
descending aorta. Left ductus passing behind esopliagiis to aorta, c. Right aortic arch. 
Right descending aorta- Left ductus arteriosus inserts into left subcl.ivinn artery ssliicli 
originates Irom left innominate arteiy. d. Right arch Right descending aorta. Left ductus 
artenosus inserts into left subclasian artery \sluch anses as the fourth branch of the aorta. 

( From Kiikhn and Clagett, 1950.) 


artery and the descending aorta, one arrises at 
tile structure of tlie normal aorta (Figure VI- 
l-iSd). The first branch of the aortic arch is the 
innominate arter)’ svhich soon divides into the 
right common carotid and nght subclavian ar- 
teries. The second branch is the left common 
carotid artery and the third is the left subclasian 
artery. The descending aorta lies on the left side 
and no undue compression upon the tracdiea or 
the esophagus is caused by the aortic arch or its 
branches. The ductus arteriosus extends from the 
left pulmonary artery to tlie aorta at a point 
beyond the origin of the left snbclaxian artery. 

c. Left-sided aortic arch and descending aorta; 
left pulmonary artery arising from right pulmo- 
nary artery. Tliis rare type of vascular ring was 


desenbed by Potts and associates (1954) and by 
Welsh and Munro (1934), A siinihir case was 
submitted to die author by Dr. J. J. L/kos. The 
aorta is normal. Tlie pulmonary trunk continues 
only as the right pulmonary artery. The ductus 
aitenosus, which is on the left side, arises from 
the left upper aspect of the pulmonary trunk. 
The left pulmonary artery arises to the right of 
the midline from the right pulmonary artery. The 
left pulmonary artery crosses over the superior 
aspect of the nght main bronchus and, after 
passing behind the trachea and in front of the 
esophagus (described m ^\'elsh and Munro’s case 
as passing behind the esophagus), enters tlie left 
lung. The left pulmonar)’ artery compresses the 
light main bronchus and the trachea as it passes 
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these structures. The probable developmental 
basis for this type of malformation is failure of 
development of the left pulmonary branch from 
the left sixth aortic arch. The intact left ductus 
arteriosus indicates that the left sixth arch itself 
had been developed. The left pulmonary artery 
probably takes origin from the common plexus of 
vessels which initially supplied the lung buds at 
a stage before the two lungs are distinct fiom 
each other. 

SUBGROUP D: LEIT-SIDED DUCTUS ARTERIOSUS 
AND nrCIIT-SIDED DESCENDING AORTA 

In a relatively small number of cases, the 
aortic arch pattern consists of the ductus ar- 
teriosus on the left side and the descending 
aorta on the right side. The basic pattern of 
this subgroup is the functioning double aortic 
arch, as illustrated in Figure VI-149rt. 

1. Functioning Double Aortic Arch (Shaw, 
1897. Herrmann, 1928, Herbut and Smith, 19-13, 
Kaiser, 1948, Griswold and Young. 1949, Case 
2). As in the other forms of double aortic arch, 
an aortic arch passes over each bronchus. The left 
arch IS the one which is retro-esophageal, joining 
the right arch on the right side of the midline 
to form the descending aorta. Tlie latter struc- 
ture is on the right Each arch gives rise to its 
respeebve common carotid and subclavian ar- 
teries, in that order. The ductus arteriosus is on 
the left side, running from the left pulmonary 
artery to the left arch, it inserts into the latter 
at a point fust beyond the origin of the left sub- 
clavian artery (Figure Vr-149fl). 

2. Partial Atresia of One Arch. The case of 
Issajew (1931) is an example of double aortic 
arch of Subgroup B with atresia of one arch. The 
left arch was atretic between the origins of tlie 
left subclavian artery and the left common carotid 
artery. 

3. Right Aortic Arch, Right Descending Aorta 
and Left-Sided Duchis Arteriosus. This pattern 
of the aortic arch is the most common of those 
characterized by a left-sided ductus arteriosus 
and a right-sided descending aorta. The aortic 
arcli and tlie descending .aorta are both on the 
right side. The ductus arteriosus arises from the 
left pulmonary artery and may insert either into 
the aort.i or into the left subclavian artery'. Tliree 
p.ittcms are identifiable, depending upon the 
location of interruption of the left portion of the 
double arch illustrated in Figure VI-149«. 

a. night arch; right descending aorta; left duc- 


tus inserting mfo the aorta. The left arch of the 
double aortic arch of Subgroup B is interrupted 
between the origin of the left subclavian artery 
and the insertion of the ductus arteriosus (Figuie 
\T-149b)- The arch is on tlie right. Its first 
branch is a left innominate artery from which 
the left common carotid and left subclavian ar- 
tenes arise. The ductus passes dorsal to the esoph- 
agus to the right side to insert into the aorta 
at the junction of the arch with the descending 
aorta (Ewald, 1926, Case 2, Halpert et al., 
1949). This form may be associated with symp- 
toms of tracheal and esophageal compression, as 
emphasized by Neuhauser (1949). 

b. Right arch; right descending aorta; left duc- 
tus inserting into left sidjclavian artery originating 
from left innominate artery In the form just 
described, the left arch of the double arch of 
Subgioup B was interrupted between the left 
subclav'ian artery and the ductus arteriosus. The 
left arch is interrupted doisal to the insertion of 
the ductus into it (Figure VI-149e). The pattern 
is like that in Figure VI-149b except that the 
ductus inserts into either the left innominate or 
the left subclavian artery. This pattern may be 
seen m the tetralogy of Fallot when a right aortic 
arch exists (Bahnson and Blalock, 1950). 



Figure VI-150. VascuLr rings, subgroup C. (Right 
duchis, eight descending aorta ) (From Eduards, 
1948b. Reprotluccd by permission of the \V. B. 
Saunders Company.) a. Functioning double aortic 
arcli in which both arclies are of about etjual sire. 
(Hypothetical form.) h. Functioning double aortic 
arch in which the right is the narrower of the two 
arches. (Hypothetical form.) c. Double aortic arch 
with atresia of the right arcli between the right com- 
mon carotid and right subclavian arteries. (H>tm>- 
thctical form.) d. Double aortic artli with atresia of 
right arcli lictvvcen tiie ngbf suJ/clji’i.m artery and 
insertion of right ductus arteriosus. (Hypothclioal 
form.) 
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Figure VI-151. Vascular rings, subgroup C, conlinu«l. 
(From Edwards, 1948b. Reproduced by pennission 
of the W. B. Saunders Company. ) a Left aortic arch 
svilh retro-esophageal segment. Right descending 
aorta. Right ductus artenosus inserts into aortic 
diverticulum from uhicb right subclavian artery arises. 

b. Left aortic arch widi retro-esophageal segment. 
Right descending aorta Ductus inserts into aortic 
diserticulmn. Right subclasaan artery originates from 
right innominate artery, c. Right aortic arch. Right 
descending aorta. Left subclaiian artery originates 
as fourth branch of aorta, d. Right aortic arch. Right 
descending aorta. Left innominate artery. 

c. Right arch; fight descending aorta, left duc- 
tus inserting into left stthclaciaii artery originating 
as fourth branch of the aorta (Figure VI-149d). 
If the left arch of the double arch of Subgroup B 
is interrupted bebveen the origins of the left 
common carotid and left subclavian arteries, the 
left subclavian artery arises as the fourth branch 
of the aorta or from a diverticulum of the cephalic 
part of the descending aorta on the riglit side of 
the body and then crosses to the left, dorsal to the 
esophagus. The ductus arteriosus inserts into the 
base of the left subclavian artery or into the di- 
verticulum from which it arises (Gruber, 1912, 
Case 1; Biedermann, 1931). 

In the case described by Humphreys (1948), a 
patent ductus arteriosus inserted into the left sub- 
clavian arter>' which arose as the fourth branch 
of the aorta. The patient of SieLert (1949) a 
W’oman aged 23 >ears with the Eisenmenger com- 
plex, had a right arch which gave rise to the left 
common carotid, the right common carotid and 
tlie right subclavian arteries, proceeding venlro- 
dorsally in the order mentioned. The aorta thus 
proceeded to tlie midline where it was joined by 
a vessel wliich was continuous witli a left-sided 


patent ductus and from W’hich the left subclavian 
artery' arose. Though Sickert claimed that the 
ductus inserted into the aorta, we believe that 
the posterior portion of the left arch was retained 
and the ductus inserted into it and that the left 
subclavian artery arose from the remnant of the 
left arch. 

d. Right arch; right descending aorta; left duc- 
tus inserting into isolated left subclavian artery. 
In a case obsen’ed by the author, a patient vvitli 
the anatomic tetralogy of Fallot had a right aortic 
arch ill which the branches venlrodorsally were 
the left common carotid, right common carotid, 
and right subclavian arteries. The descending 
aorta was on the right. The left subclavian artery 
did not connect vn'tfi any portion of tfie aorta, but 
instead arose from a narrowly patent left-sided 
ductus arteriosus. Except for the absence of a 
ductus artenosus on the right, tliis case presents 
essentially the mirrored image of the case of 
Chon in which the ductus arteriosus was bilateral. 

4. Left Arch, Left Ductus and Right De- 
scending Aorta. In malformations of Subgroup D 
with but one arch, so far considered, the right 
arch w’os present since part or all of the left 
arch had become obliterated. If parts of the 
right arch were to disappear while the left arch 
remained intact, the malformations Mould be 
represented by a left arch, a left ductus arteriosus 
and a right descending aorta. Though such mal- 
fornialions are hypothetical possibilities, it seems 
unlikely that tliey would occur. 

SUBGROUP c: lucirr-siDED ductus abteriosus 

AND BIGirr-SIDED DESCENDING AORTA 

I. Functioning Double Aortic Arch. The basic 
pallem of Subgroup C is the functioning double 
aortic arch. Though tliere is no established exam- 
ple of this form of malformation, the second case 
of Sweet and associates ( 1947) is suggestive of it. 
No ductus arteriosus was found on either side dur- 
ing operation on this patient. Had a right-sided 
ductus arteriosus been discovered, the criteria for 
the functioning double aortic arch of Subgroup C 
would have been fulfilled. Though tlie existence 
of this form is still hypothetical, derivatives of it 
are known and its anatomic characteristics may 
be define! (Figure VI-150a). 

The ascending aorta bifurcates ventral to the 
trachea. The left and right arches pass over tlie 
respective major bronchi. Since the cephalic part 
of the descending aorta lies on the riglit, the left 
arch crosses to the right, dorsal to the esophagus, 
to join with the right arch as the latter blends 
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with the descending aorta. The subclavian and 
common carotid arteries arise independently from 
the respective arches. The ductus runs between 
the nght pulmonary artery and the right arch 
and IS inserted into the latter just distal to the 
origin of the right subclavian artery. In the hypo- 
thetical form illustrated in Figure VI-150a, the 
two arches are portrayed as being of equal cali- 
ber. Figure VI-150b illustrates a functioning 
double aortic arch in which the left is the larger 
of the two. This pattern of the arches resembles 
that m the case of Sweet and associates. 

2. Partial Atresia of an Arch. In Subgroup C, 
patterns characterized by partial atresia of one 
of the two arches ha\’e not been described and 
their existence is hypothetical. In Figure VI- 
150c the atresia is shown between the origins of 
the right common carotid and subclavian arteries, 
while in Figure VI-150rf, the atresia lies between 
the right subclavian artery and the right-sided 
ductus arteriosus. Malformations are known in 
which the right arch has "dropped out” at loca- 
tions corresponding to the levels of atresia repre- 
sented in these two figures. These forms follow. 

S. Left-Sided Aortic Arch with Retro-esopha- 
geal Segment and Descending Aorta on Right, 
a. Right sithclavian artery originating from aortic 
diverticulum. If the segment of the right arch 
represented as atretic in Figure VI-150c is lost, 
the following pattern is encountered (Figure VI- 
151rt). There is but one continuous arch, the left. 
After crossing the left major bronchus, this arch 
deviates to the right to pass dorsal to the esopha- 
gus and to join the descending aorta on the right 
side. At the junction of the left arch with the 
descending aorta, a diverticulum represents a 
remnant of the posterior extremity of the right 
arch. Into this structure the ductus artenosus is 
inserted, and the right subclavian artery arises 
from the diverticulum. This form of anomalous 
.aorta has been reported (Edwards, 1948a). 

b. Right subclavian artcTij orfginafmg jrom a 
right-sided innominate artery (Figure VI-151b). 
If the right arch is internipted beriveen ibe ori- 
gins of the right subclavian and right carotid 
arteries, the right subclavian artery arises from 
the aortic diverticulum. If, on the other hand, 
the right arch disappears posterior to the origin 
of the subclavian arter>', that vessel arises in 
common with the right common carotid arterx’ 
from a right-sided innominate arterj-. Tlie arch is 
on the left side and, after passing over the left 
bronchus, passes dorsal to the esoplugus to join 
die descending aorta on the right side. 

4. Right-Sided Aortic Arch and Descending 


Aorta on Right Side. If in the basic form of this 
subgroup (Figure Vl-lSOn), the right arch re- 
mains intact but parts of the left arch disappear, 
the following forms are achieved. 

a. Left subclavian artery originating as fourth 
branch of the right aortic arch (Figure VI-151c). 
(See Lockwood, 1884, Kopsch, 1914, Dittrich, 
quoted by Renander, 1926.) If the left arch is 
interrupted between the origins of the left com- 
mon carotid and left subclavian arteries, the left 
subclavian artery loses its connection with the 
ventral part of the aorta and arises as the fourth 
branch of the aorta. It then crosses dorsal to 
the esopliagus from right to left. The right-sided 
ductus inserts into the aortic arch betiveen the 
origins of the right and left subclavian arteries. 

b. Left subclavian artery originating from left- 
sided innominate artery (Figure VI-151d). (See 
Epstein, 1886; Reid, 1914, Case 2; Assmann, 
1924, Ewald, 1926, Case I; Sprong and Cutler, 
1930.) If the left arch should disappear dorsal 
to the origin of the left subclavian artery, the 
mirrored image of the normal would be achieved. 
The pattern consists of a right arch with a right 
descending aorta, a ductus arteriosus on the right 
side, and a left innominate artery. Though this 
pattern of aortic arch may occur in the absence 
of a cardiac malformation, it is usually associated 
with the tetralogy of Fallot. As Bahnson and Bla- 
lock have emphasized, when a right arch and 
right descending aorta are found, the ductus ar- 
teriosus need not be on the right side but may 
be on the left as in Subgroup B. Nevertheless, 
some of the cases have a riglit ductus, 

suBCBOur d; riciit-sided ductus arteriosus 

AND LEFT-SIDED DESCENDINC AORTA 

Tliis group may be regarded as the mirrored 



D. (Right ductus, loft descending aorta.) 
The functioning double aortic arch uhicli 
is ilhistratcd is a Iiypotlictical fonn from 
s\hich other forms m.iy be derived. All 
derivatives are as j ot h>potlicUcaI. (From 
Kirl^lm and CJagett, 1950.) 
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image of Subgroup B. Tlic basic palfcrn of 
Subgroup D is likewise a functioning dotiblc 
aortic arch (Figure VI-152). Tiie riglit arch 
crosses the midline dorsal to the esophagus. 
It then joins with the left arch to form the 
descending aorta which lies on the left. Tlic 


ductus arteriosus is a right-sided structure, in- 
serting into the right arch posterior to the 
take-off of the right subclavian arter>'. Appar- 
ently, no example of Subgroup D has been 
reported, but the double arch and derivatives 
of it remain as hypothetical possibilities. 
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SYSTEMIC VEINS 


Persisieni Left Supertor Vena Cava 

W iTK RARE EXCEPTIONS, malformations of 
the systemic intrathoracic veins cause 
no functional disturbance. The most common 
of these malformations is persistent left su- 
perior vena cava. In this condition the right 
innominate vein is formed in a normal manner 
by the union of the right internal jugular and 
subclavian veins. It does not receive the left 
innominate vein to form the superior vena 
cava. Instead, it descends in the position of 
the superior vena cava and, after receiving 
the azygos vein, enters the right atrium as 
the superior vena cava does normally. On the 
left side, the left innominate vein is formed 
by its usual tributaries. Instead of cross- 
ing to the right, the left innominate vein 
descends vertically to enter the thorax. In 
this position it is called left superior vena 
cav'ii. Here it passes ventrally to the aortic 
arch and the root of the left lung. At the in- 
ferior level of tlie root of the left lung, the 
left superior vena ca\-a turns to the riglit, 
pierces llie pericartliiiin and reaches tlio left 
aspect of the left atrioventricular groove. Here 
it becomes continuous with the coronarj' 


sinus (Figure VI-153rt). The latter, by virtue 
of carrying the additional blood coming to It 
by the anomalous connection, is wider than 
normal. Tlic coronary sinus terminates in the 
right atrinm. Therefore, though tlie course 
of blood from the left arm and left side of the 
head and neck is abnormal, the blood finally 
reaches the right atrium (ChafFey, 1885). 

Usually the hemiazijso^ vein joins the left 
superior vena cava after arching over the left 
main bronchus to form a mirrored image of tlie 
normal arrangement of the azygos vein and su- 
perior \ena cava on the right. Rarely the hemi- 
azygos vein joins the uppermost part of an in- 
complete left superior vena cava, while the lower- 
most end of the left superior vena cava joins the 
coronary sinus. A persistent left superior \’ena 
cava may be an isolated malformation or it may 
be associated w’ith any of the kno%vn malforma- 
tions of great arteries. 

The papers of Halpert and Coman (1930), 
Atwell and ZoltowsU (1938) and Winter (1934) 
contain extensi\e bibliographies on m.i!forma- 
tions of the superior vena cava. The cases of Hep- 
bum (18S7) and Papez (1938) had the usual 
pattern of a persistent left superior \ena enva as 
wTcIl as a xessel which connected the two in- 
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Figure Vl-153. a. Penistcnt left supenor %ena cava Posterior vicvv of heart showing continuity of per* 
sistent left superior vena cj\a with dilated coronary vimis. b. Union of inferior vena t-ava vvitli azygos vein. 
Absence of portal vein The splanchnic vciav dram into the abdominal systemic vein. A common hepatic vein 
ruas from the liver to the nght atruim { From a cave reported by Hickman and av«oci.itcs, 1949, occurring 
in a clog. Reproduced by permiwion of the Wistar Institute, piiWivherv of Anatomical Rmircf.) 


nominate veins in the lower cervical region. In 
the cases reported by Greenfield (1876). Halperl 
and Coman (1930) and Atwell and Zoltovvski 
(1938) the right jjiperior vena cava was absent 
and the venous system in the neck was essentially 
a mirrored image of the normal. The right in- 
nominate vein crossed to the left and joined the 
left innominate vein to form a left supenor vena 
cav’a. The latter then followed the usual course 
of a left superior vena cava and termin.ated in 
the coronary sinus. 

The superior vena caval sj’stem may hav'e 
anomalous connections with other structures. In 
Nabairo’s (1903) Case 2, a left hepatic vein 
joined the left side of the coronary sinus near 
the termination of a persistent left superior vena 
cava. The termination of a pulmonary vein in 
the coronary sinus or in the c;aval system is dis- 
cussed in the section dealing with Anomalous 
Drainage of the Pulmonary Veins. 

The a'iwciation of a persistent left superior 
vena cava with atresia of the right atrial ostium 
of the coronarti sinus is discnissed under Mal- 
formations of the Coronary’ Vessels. 


Connection of a Vena Cava with Left Atrhm 
In cases of cor biloculare, bilateral superior 
venae cav’ae are common and the left vein fre- 
quently joins the left side of the common 
atrium. Under rare circumstances, a persist- 
ent superior vena cava may join the left 
atrium if two atria are present (MacKenzie, 
18S0. Hu. IQSg. Potter, 1948, Case 3, Hunvitt 
et al., 1955; Tuchman et ah, 1956). In this 
w'ay v'enous blood is carried direclh’ to the left 
side of the heart. Tlie patient of Haeger and 
associates (1953) had tliis anomaly as well 
as a ventricular septal defect, ^\’henever the 
left superior vena cava joins the left atrium 
or the left side of a common atrium, the coro- 
nary' sinus is absent. The reason is that the 
coronary’ sinus, when present, represents the 
terminal portion of the left superior vena 
cava. Rarely’ the inferior vena cava joins the 
left atrium as an isolated malformation (Gard- 
ner and Cole, 1953). 
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ContinuUij of Azygos Vein and Inferior 
Vena Cava 

The inferior vena cava is siihject to many 
variations (E. A. Edwards, 1951). Of interest, 
with regard to the thoracic veins, is the rare 
instance in winch the inferior vena cava, after 
receiving the renal veins, fails to follow its 
usual course. Instead, it becomes continuous 
with the lower portion of the azygos vein 
(Griffith, 1891; Miller, 1925; Anderson et at, 
1955). Because the azygos vein carries the 
additional blood brought to it by the inferior 
vena cava, it becomes greatly dilated. No 
functional disturbance results since the ve- 
nous blood from the Iow>er part of the body is 
carried to the right atrium. Emerging from 
the liver in the usual location of the terminal 
portion of the inferior vena cava is a narrow 


vein representing a common hepatic vein. 

The author observed a patient with situs iii- 
veisus, atrial septal defect and anomalous con- 
nection of the left-sided pulmonary veins who 
also had anomalies of the systemic veins. Bi 
lateral superior venae cavae were present. The 
one on the right side received the inferior v’ena 
caval blood by way of a large right-sided hemi- 
azygos vein. The blood from the right sided 
superior vena cava then was delivered through 
the coronary sinus into the left-sided (venous) 
atrium. In a dog with these venous abnormalities, 
Hickman and associates (1949, Figure VI-153h) 
also noted absence of the portal vein. They re- 
ferred to two human cases with absence of the 
portal vein (Abemethy, 1793; Kieman, 1833). 
Putschar (1938) described a case in which the 
umbilical vein bypassed the portal system and 
entered the right atrium. 


PULMONARY VEINS 


Developmental Background 

Anomalies of the pulmonary veins may 
best be understood from a review' of 
their development (Edwards and Helmholz, 
1956). 

Inasmuch as the lungs are derived as a special- 
ized part of the alimentary canal, these organs 
initially possess capillary-venous systems in com- 
mon w’ith the alimentary canal (Brown, 1913, 
Butler, 1952tj). The capillary ple.vus, the so-called 
splanchnic plexus, connects with veins of both 
somatic and visceral types. The somatic veins 
are represented by the cardinal system from 
which such structures as the superior vena cava, 
tlie innominate veins and the coronarj’ sinus are 
derived. Tlie visceral system of veins are repre- 
sented by the so-called iimbilico-vitelline system 
from which the portal and gastric veins and the 
ductus venosus are derived. It is lluis apparent 
that initially there is no direct channel belncen 
Uie capillary plexus of the lungs and the licarl, 
the venous drainage being through the venom 
systems named. 

Secondarily a protrusion, from the pari of the 
sinoatrial region of the heart that is to become 
the left atrium, grous fou.ard the developing 
lungs (Auer, 1948). This protrusion mav be 
Icrmcil the “common pulmonary vein" (Figure 
VI-154a, b and c). It makes connections with 


the splanchnic ple.xus of capillaries of the devel- 
oping lungs. As these connections become estab- 
lished, the original connections of the pulmonary 
part of the splanchnic plexus with the cardinal 
and umbilico-vitelline systems of veins are lost 
as major channels. Minor remnants of these chan- 
nels persist as normal (but narrow) connections 
between pulmonary veins on one hand, and bron- 
chial and port.al veins on the other (Liebow', 
1953). 

The common pulmonary vein ultimately is in- 
corporated by a process of differential growth 
into the left atrium (Figure VI-154fl and c). This 
yields the definitive state in which the left atrium 
receives the four major pulinonar>’ veins. By this 
incorporation the common pulmonary vein nor- 
mally becomes lost as an identifiable structure. 

Anomalies of the pulmonaiy veins may result 
from persislence of connection of the pulmonary 
portion of the splanchnic plexus with its original 
venous connections (Eduards, 1953; Neill. 
1936). Tliis may result either from failure of 
the common pulmonary vein to develop or from 
seeondarj’ obliteration or n.Trrmving of it. Other 
anomalies result from failure of the common pul- 
monary vein to be normally incorponitcd into the 
left atrium. In still other insfancx’s congcnit.ilh’ 
stenosing lesions of the pulmonary’ veins arc 
present. Possibly, depending on whether or not 
a primitive venous connection still exists, some of 
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the common pulmonary vein (C.PV ) and the left 
atnum remains essentially as represented in a, an 
accessory chamber is formed which represents the 
common pulmonary vein (d). The accessory chamber 
represents a dilated common pulmonary vein and 
the heart has tlie characteristics of cor tnatnatum 


the latter lesions will or >n’i 11 not be associated 
with anomalous pulmonary venous connection. 

rennmoJogy 

The term “anomalous pulmonary venous 
drainage” has in tlie past been used both 
anatomically and physiologically to signify 
a condition in which a major pulmonar)’ ve- 
nous pathway fails to join the left atrium. The 
abnormal pulmonary venous pathw'ay leads 
either to the right atrium directly or into a 
tributary' vein thereof. 

Recent observations have indicated tliat 
anomalous pulmonary’ venous drainage may 
occur in a physiologic sense in patients who 
Jiave normal connection of tl)e pulmonary 
veins with tlie heart but in whom an atrial 


septal defect exists (Swan ct dl., 1953). More- 
ov'er, it is possible hypothetical!)’ for anatomic 
anomalous pulmonary’ venous connection to 
occur without functional anomalous venous 
drainage of tlie lungs. It seems appropriate 
to distinguish these anatomic and physiologic 
conditions. Tlierefore, as used here (Edwards 
et al., 1953) anomalous pulmonary venous 
drainage will be regarded as a physiologic 
term indicating the flow' of pulmonary venous 
blood, by w’hatever route, into the right 
atrium. The anatomic condition in which a 
pulmonary’ vein fails to join the left atrium 
but joins the right atrium or a systemic vein 
will be referred to as “anomalous pulmonary’ 
venous connection.” In order to avoid con- 
fusion, it is to be emphasized that the word 
“connection” does not refer to the condition 
of the pulmonary’ veins at their origin in the 
lungs but rather to the termination of these 
veins. 

CJassificotion 

I. Stenosis of pulmonary’ veins 

A. Common pulmonary’ vein (cor triatri* 
atum) 

1. With normal connection 

2. With anomalous connection 

a. To right atrium 

b. To systemic veins 

B Individual veins 

1. With normal connection 

2. With anomalous connection 

II. Anomalous pulmonary venous connection 

A. Total. Connection between left atrium 

and systemic veins 

B. Partial 

III. Pulmonary arteriovenous fistula 

A. Intrapulmonary’ 

B. Connection of pulmonary artery with 

left atrium 

Stenosis of Common Pulmonary Vein 
(Cor Triatriaium) 

In this rare condition tlie pulmonary veins 
enter an accessory’ chamber w'hich lies at- 
tached to the dorsal aspect of the left atrium. 

LoefSer (194Q) divided the cases Mo three 
groups. In one there is no communication be- 
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tween the accessory chamber and the left atrium. 
A connection exists het^^'een the accessory cham- 
ber and the right atrium or partial anomalous 
connection to some of the systemic veins. In the 
classification just presented, such cases are classi- 
fied as total anomalous connection of pulmonary 
veins although, developmentally, they are re- 
lated to true cor triatriatum (Edwards et til., 
1951). 

In Loeffler’s second group, one or several small 
openings, each only a few millimeters wide, exist 
between the floor of the accessory chamber and 
the roof of tlie left atrium. Death in infancy or 
childhood is common in such cases (Edwards et 
al., 1951, Barnes and Finlay, 1932, Doxiadis and 
Emery, 1953). Hartmanns (1955) patient li\ed 
to the age of 12 years and Borst’s (1905) patient, 
to 38 years. 

Loeffler’s third group (Griffith, 1903; Loeflier, 
19-49) is characterized by a relatively w/de con- 
nection between the accessory chamber and the 
left atrium. The patients usually live to adult life. 

The two chambers, the one which receives 
the pulmonary veins and the one caudal to 
it, taken together present the appearance of 
a left atrium and an accessory left atrium 


(Figures VI-l54(i and VI-155). Tlie chamber 
that lies caudal connects with the auricular 
appendage and, by way of a normal mitral 
valve, with the left ventricle. The appearance 
of two left atria is responsible for applica- 
tion of the name “cor triatriatum” to this 
condition. 

The cause of the malformation is controveisial 
(Parsons, 1950). One view holds that it results 
from faulty development of the atrial septum, 
that the accessory chamber is a space between 
interatrial septa I and II (Patten and Taggart, 
1929). The other view, shared by the author, 
is that the "accessory” atnum is to be regarded 
as a common pulmonary vein which has faded 
to become incorporated into the dorsal wall of 
the left atnum as it does in the normal embryo 
(Figure VI-154). The narrow opening between 
the left atrium and the accessory atrium prob- 
ably represents the original point of junction be- 
tween the left atrium and the common pulmo- 
nary vein of the embryo. 

Functionallij, stenosis of the common pul- 
monary vein is similar to mitral stenosis in 
that it represents a barrier to pulmonary ve- 



Ffpiire VI-155. Cor trmlriatfiin. a. Congenital stenosis of tlic common piiJmonary vein (the case of Horst). 
An acccssor>’ chamber representing a diUtcil ciomman pulmonary vein recei\‘c‘J llie four pulmonary %rins 
and comnmnicales by way of a narrow oiicning with the left atrial cliambcr. h. Stenosis of tlic common pul- 
monary \ein in a female inf.ant ag«l IVi months. This specimen is Mrtually identical witli that of Borst. 
tUustrated in 0 . 
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Figure M-136. Cor triatnahim wilh communicatiou 
of accessory chamber with right alniim. Left side 
of heart. Abo^e the left atniim Les the “accessory 
left atnal chamber" which receives the pulmonary 
veins. The left lower probe is m the narrow opening 
to the true left atrium. Tlie right upper pro1>e dis- 
appears in the opening betsveen the accessory left 
atnal chamber and the right atrium. 

nous drainage. A feature dissimilar from 
mitral stenosis is that tlie mitral valve is nor- 
mally formed and so mitral insufficicDC\’ is 
not present. On hypothetical grounds, the 
patient with congenital stenosis of the com- 
mon pulmonarj' vein should exhibit the same 
clinical features as the patient with mitral 
stenosis, including a presystolic murmur but 
with the exception that a systolic murmur of 
associated mitral insufScienc)' should not be 
present in congenital pulmonar)' venous ste- 
nosis. This was the case in Borst’s patient. 

The suggestion tliat surgical relief of the ob- 
struction could be accomplished by enlargement 
of Uie opening between the left atrium and the 
accessory chamber was made by Barnes and 
Finlay (1952) and by Pedersen and Therkelsen 
(1954). Successful surgical therapy \ras re- 
ported by Barrett and Hickie (1937) in a 17- 
)’ear-old boy. 

The author lias obserxed h\o cases of cor tri- 
alriatum in which the accessory left atrium com- 


municated not only with the left atrium hut tvith 
the right atrium (Figure VI-156). If the acces- 
soiy chamber is a common pulmon.Tr>’ x'cin, then 
the opening with the right atrium is to be con- 
sidered an anom.iIous connection (Eduards and 
Helmholz, 1956). 

Tlie ftmctiomil derangement in such cases is 
comparable to that usually given for the Lutcin- 
bacher syndrome. The obstruction, in the path- 
way leading to the left side of the lieart, and 
the additional opening produces a left-to-nght 
shunt. In descriptions of other cases which has’e 



Figure VI-157. Case of stenosis of each of the four 
pulmonary xeins in a l->ear-old boy. a. Left side of 
left atnum (L.A.). Onfice (circle) of unopened left 
upper iJulinOT»3T>' xein (L.V.) is markedly stenotic. 
The left losser pulmonary vein (LL.) has been 
opened. Between the arrows is shown the rough 
lining of the stenotic zone. b. Secrion tlirougli ste- 
notic area of one of the pulmonary veins. Nonspecific 
fibrous intrmal Uiiclening of main channel and of a 
tributary vein. (Elastic tissue stain; X300.) 


MALFORMATIONS OF THORACIC VEINS 


487 


come to the attention of the author, the above ar- 
rangement was associated with an atrial septal 
defect which joined the right atrium and the true 
left atrium. In this circumstance, all or part of the 
pulmonary venous blood shunted to the right 
atrium could be redirected to the left atrium 
tlirough the atrial septal defect. Blood flowing 
tlirough this channel would inevitably be partly 
systemic venous in nature. While, in the known 
cases of cor triatriatum with anomalous connec- 
tion of pulmonary veins, the anomalous connec- 
tion has been with the right atrium, it is theo- 
retically possible in cor triatriatum to have anom- 
alous pulmonary venous connection with a sys- 
temic vein. 

Stenosis of Individual Pulmonary Veins 

Stenosis of individual pulmonary veins is 
mentioned only occasionally in the literature 
(Emslie-Smith et ol, 1955; Andrews, 1957). 
In pure form, all of the pulmonary veins 
connect with the left atrium, yet one, several, 
or all may be stenotic. The basis for the lesion 


is intimal fibrous proliferation. Tlie functional 
derangements depend on the severity and dis- 
tribution of the obstruction. 

The author examined the heart of a boy X year 
of age, in which each of the 4 pulmonary venous 
orifices at the left atrium was so stenotic as to 
admit only the finest probe (Figure VI-157). An 
atrial septal defect was also present. 

When pulmonary venous obstruction exists in 
the absence of anomalous connection, the ques- 
tion might logically be raised whether the ob- 
structing lesion is congenital or acquired. The 
author’s opinion that these lesions are congenital 
is supported by the association of other congenital 
defects in cases of lesions of this sort and hy the 
association of anomalous pulmonary venous con- 
nections in some instances of stenosis of pulmo- 
nary veins. The latter situation would indicate 
that the obstruction to Uie normal route had 
occurred early enough so that primitive connec- 
tions still existed between the pulmonary vascular 
bed and systemic veins. Moreover, this phenom- 
enon may occur so early that evidently the vas- 
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Figure VI-158. Congenital stenosis of indisiduat pulmonary \-eins smiIi anoma- 
lous connection of pulmonary \cins. Heart and lungs \ie\\cd from behind. 
(L.t/.r.V. and L.L.P.V. indicate left upper and left lower pulmonary seins; 
P.V.S., pulmonary venous sinus; A.L_A., accessory left atrium; L.I.V. and H /.V., 
left and right innominate veins; S-C conuminication, narrow communication 
representing an embryonic connection will) the splanchnic plexus and the 
cardin.al s>slcm.) Case of Bccu and associaUs (1955). (Heproduced with 
pcnnissioti of A.MA. Arc/tites of rathology . ) 



488 


PATHOLOGY OF THE HEART 



Figure VI-159 Total anomalous pulmonary \cnoiis connection to 
left innommate ^ein. a The heart lias been reflected upward. 
The lungs are viewed from in front. Tlie veins of the right lung 
(RL ) converge behind tJie heart with die veins from the left 
lung ( L L ) to form a single stnictnre termed the “common pul- 
monary vein" (C P.V ). From die left upper aspect of die latter, 
an anomalous vertical vein (VV'.) ascends in front of the left 
pulmonary lulus b The vertical anomalous pulmonary vein has 
lotned the left innominate vein (L/V) from vvhicli blood is 
earned into die supenor vena cava (SVC.) and ultimately into 
the nght atnum ( ). Cases of this type have frerpiently been 

classified as anomalous conneebon of the pulmonary veins widi a 
persblent left supenor vena cava. Since no communication with 
the coronary sinus ensts, die anomalous vein should not be re- 
garded as a persistent left supenor vena cava. 


cular bed of the individual lobes may still not 
be perfectly developed. This belief is supported 
by the case of Becu and associates (1955) which 
had extensive occlusive lesions of the major pul- 
monary veins with compensating anastomotic 
connections betu een the v eins of the various 
pulmonary lobes (Figure VI-158). Ultimately, m 
spite of the extensive anomalous connection 
within and across the lungs, the blood wus de- 
livered to the left atnum. 

Total Anomalous Tulmmwrtj Venous 
Connection 

PATHOLOGIC ANATOMY 
By definition, total anomalous venous con- 


nection of the pulmonary’ veins has no com- 
munication with the left atrium, all the pul- 
monary' venous blood being carried into the 
right atrium directly or into one of its tnbu- 
tary' veins, all of the pulmonary’ veins 

join tlie right atrium or a tributary' vein, there 
are tw’o tv’pes of anatomic features of the 
pulmonary v’enous system. Either a simple 
junction of veins witliout formation of a 
cliamberlihe structure maj' exist, or the veins 
may converge into a sinus or chamber. Loef- 
fler classified the latter arrangement as a form 
of cor triatriatum. (See Cor Triatriatum, page 
484.) Regardless of the specific ty^ie of con- 
vergence of the pulmonary’ veins, a venous 
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channel runs to the site of connection wth 
the systemic venous system or tlie right 
atrium. In any event, the pulmonary veins 
do not perforate the pericardium and usually 
converge posterior to it. 

A number of reviews on the pathologic and 
clinical features have been presented (Brody, 
1942, Snellen and Albers, 1952, Keith et ah, 
1954, Sepulveda et ah, 1955, Gott et ah, 1956; 
Darling et ah, 1957). In a review by Burroughs 
and the author (1958), 188 cases of total anoni' 
alous connection of the pulmonary veins were 
found m the literature and in the material of the 
Mayo Clime. Of these, 66 had associated major 
intracardiac malformations, including cor bilocu- 
lare, cor triloculare biatriatiim, persistent truncus 
arteriosus, complete transposition of the great 
vessels, pulmonary stenosis or atresia, coaicla* 
tion of the aorta, and anomalous connection of the 
systemic veins, or the comple-x of mtracardiac 
malformations was associated with agenesis of the 
spleen. No data as to the presence or absence of 
intracardiac malformations were given m 3 cases, 
but m 119 cases no major intracardiac malforma- 
tions existed in association with total anomalous 
pulmonary venous connection. 

Common sites of anomalous connection of pul- 
monary veins are the left innominate vein (Fig- 
ure VI-159), the coronary sinus, a superior vena 
cava, and the right atrium. Less often, a common 
anomalous pulmonary vein descends and per- 
forates the diaphragm, usually in association with 
the esophagus, to terminate in the ductus venosus 
(Figure VI-160), left portal vein, or left gastric 
vein. In some instances, as in the case of Butler 
(I952i/) the vein enters the abdomen through an 
accessory orifice in the diaphragm between the 
inferior vena cava and the esophagus to join the 
portal system. In otlier cases the inferior vena 
cava or a hepatic vein is joined. 

Usually, there is one site for termination of the 
entire anomalous pulmonary venous system. In 8 
cases found by Burroughs and Edwards in wlu'cli 
no cardiac malformation existed, tlie anom.alous 
pulmonary venous connections were at multiple 
sites. The following combinations of multiple 
anomalous pulmonary \enous terminations ex- 
isted: az>gos and portal vein; right atrium and 
left innominate vein; superior vena eax-a and left 
innominate vein; superior vena cava and right 
atrium; coronary sinus and right atrium; inferior 
vena cava and left innominate vein. 

One particular t>-pe of connection deserves 


special mention because it is relatively common, 
and it has been incorrectly called “persistent left 
superior vena cava” (Gardner and Oram, 1953, 
and others). In this connection, all the pulmo- 
nary venous blood is carried to a vein tliat runs 
vertically, usually anterior to the aortic arch and 
terminates in the beginning of the left innomi- 
nate vein (Figure VI-159). This structure does 
not make junction with the heart. A true per- 
sistent left superior vena cava represents the 
left anterior cardinal vein of the embryo and, 
characteristically communicated with the heart 
to become the coronary sinus at its proximal end. 
fn the absence of a connection with the heart, 
the vertical vein xvhich receives all of the pulmo- 



Flgure Vl-16{). Tol.il anonialoits pulmonary venous 
connection into the ductus venosus. Tlic sixxmd pa- 
tient of Edw.mls ami DuShane ( 1930), a male 0 days 
old (Keprodiicctl by pennission of Archiics of T'ati\- 
ology.) a Ventral vjcw of llic lungs. TJie heart lias 
been displaced to iKu ngbt. A common pulmonary 
Vein (C./M'.) is formed by union of four pulmonary 
veins. Tl»e common \cm liy vcnlr.il to the esophagus 
and dosccndetl through the di.iphragm into the .ab- 
domcn. b. The common pulmonary vein 
inserts into the luirrow ductus venosus {Ductui c.). 
W'. tndicat<*s portal vein; RP.V., right port.il vein; 

LP.V., left port.al vein. 
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Tigiire VI'16l. The intracardiac circulation in com- 
plete anomalous drainage of tlie pulmonary veins. 
( From Echvards and DiiShane. 1950. Reproduced by 
permission of Archiics of Pathology ) 

nary veins cannot be regarded as a persistent left 
superior vena cava. On deselopmental giounds, 
it may represent a persistent loft superior vena 
cava, which has lost its connection with the coro- 
nary sinus. Howeser, it more probably repre- 
sents a separate persisting channel. Tins vem 
should be designated b> some term other than 
“persistent left superior vena cava,” possibly "ver- 
tical anomalous pulmonary vein" (Edwards and 
Helmholz, 1956). 

The over-all size of the heart is larger tlun 
normal. Characteristically, the right atrial and 
ventricular chambers are enlarged and the right 
ventricular wall, additionally, is frequently hyi>er- 
trophied. The left atrium and \entncle are small, 
certainly by comparison >vnth the right-sided 
chambers. There may be an absolute reduction 
in size but this is not uni\crsal. An interatrial 
communication exists. Usually this is siliialcd at 
the fossa o\alis and tabes the form either of a 
valvular competent foramen ovale or a tnie atrial 
septal defect. 

rUNCTlO.VAL AND CLINICAL, tXATUBES 

If lUero are no major inlracardiac mal- 
fonnalions, all the incoming blood is pooled 


in the right atrium, and bidirectional shunts 
e.\ist. The left atrium receives its blood 
through the interatrial communication (Fig- 
ure VI-161). Theoretically, it is possible for 
the systemic and pulmonary arterial blood to 
have equal saturation with o.vj'gen and this 
docs occur on occasion (Swan et al., 1956). 
In other instances, minor differences e.xist in 
saturation between the blood of the two ar- 
terial systems. Tliese serve to distinguish total 
anomalous pulmonarj’ venous connection from 
common atrium. Tlie differences in satiuation 
depend on the site of the anomalous pulmo- 
nary venous connection, Tliere is a difference 
in transatrial shunting of blood returning from 
the inferior vena cav’a contrasted to that com- 
ing from the superior vena cava. Preferential 
shunting from the inferior vena cava exists 
(Swan ct al., 1956). Tims, among patients 
having anomalous connection of the pulmo- 
nary' veins to the superior vena cava, it is 
likely tliat the pulmonary arterial blood would 
be more highly satrirated than the systemic 
arterial blood. Conversely, in patients hav- 
ing an anomalous connection to Uie inferior 
caval system the oxygen saturation of the 
systemic arterial blood would be expected to 
be somewhat higher than that of the pulmo- 
nary arterial blood. 

Tlie outward appearances of patients with total 
anomalous pulmonary venous connection varies 
considerably, some are cyanotic and otliers ate 
not cyanotic, c\ en though they liav e some degree 
of artenal desaturalion (DuSIianc, 1956), Tlie 
clinical picture in total anomalous pulmonary 
venous connection appears to depend upon the 
size of the interatrial communication and the 
presence or absence of venous obstruction 
(Durchell, 1936), These factors influence total 
pulmonary blood flow’ which is the main feature 
determining the ultimate saturation of the sv's- 
temic arterial blood. The systemic blood is more 
highly desaturated in patients having a low pul- 
monary flow than in patients having a large 
pulmoiiar}’ flow’. Swan and associates (1956) 
found that retluced pulmonary blood flow was 
always associatetl wnth increased pulmonary ar- 
terial pressure. They concluded that a rctluction 
In the oxygen saturation of systemic arterial blood 
is asswiated with increased pulmonary vascular 
resistance. One source for the high resistance. 
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when present, may reside in the anomalous pul- 
monary vein. 

As the clinical picture varies, so may the roent- 
genographic features (Bmwer, 1956). Charac- 
teristic for total anomalous pulmonary venous 
connection to the left innominate vein (Snellen 
and Albers, 1952) are the engorged pulmonary 
fields and, when present, a figure-of-eight pattern 
which includes the shadow of the heart and the 
area above it. Some patients have a nonspecific 
cardiac enlargement with evidence of decreased 
pulmonary flow. This picture is seen particularly 
in patients who ha%e difBculty in the early weeks 
after birth. Among patients who survive to adult 
life with high pulmonary blood flows, the roent- 
genographic picture may be impossible to dis- 
tinguish from that m atrial septal defect or other 
malformations associated with high pulmonary 
flow. 

Methods have been devised for surgical cor- 
rection of total anomalous pulmonary venous con- 
nection (Burroughs and Kirklin, 1936). 

CONNECTION BCnVEEN LEFT ATRIUM AND 
A SYSTEMIC VEIN 

Except for connection with the left su* 
perior vena cava or tlie coronar)’ sinus, this 

Cardinal 
venous suslem 


type is rare (McIntosh, 1926; Harris, ct al., 
1927; Edwards and DuShane, 1950, Figure 
VI-162). Tlie anomalous vessel arises from the 
dorsal aspect of the left atrium near the en- 
trance of one of the pulmonary veins. It then 
ascends dorsal to the bronchus and the pul- 
monary artery of the side on which it origi- 
nates. 

In McIntosh’s case the systemic vein that con- 
nected with the anomalous vessel was the su- 
perior vena cava, in the case of Harris and asso- 
aates, the right internal jugular vein; and in the 
case of Edwards and DuShane, the left innomi- 
nate vein (Figure VI-88h). Since each of the 
systemic veins into which the anomalous vessel 
inserts is a derivative of tlie cardinal system, the 
name “levoatriocardinal vein" has been suggested 
for this structure (Edwards and DuShane, 1950). 
The structure probably represents a form of 
anomalous pulmonary venous connection in 
which the part of the pulmonary venous system 
participating has been incorporated by diiFcrcn- 
tial growth into the left atrium. In the cases of 
McIntosh and of Edwards and DuShane the 
levoatriocardinal vein was of functional signifi- 
cance beCiiuse of associated mitral atresia and 



Figure Vl-162. The developmental bash for fonnation of a levo.ntriocardinal 
vein. a. Commumcatjon between a xnilmonary %etn and a roprescnt.itivo 
of the c.mhnal \enoiis sv'.tcm. This is normal al an early stage of develop- 
ment. Later, as Teprc«ent«l in b, tlio communication disappc.irs If it is 
rctalncvl, the comnmnie.ition is corned into the dorsal wall of the left .ilriiim 
along wath the pulmonaiy vein to which it is attachisl (see c). (Prom 
Edw.irtls and DuShane, 1930. Reproduced hy pcnnission of Archives of 
PalhotofM.) 
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premature closure of the foramen ovale. The 
levoatriocardinal vein represented the only effec- 
tive outlet for blood coming to the left atrium 
from the lungs. One case (Harris et of, 1927) 
had complete transposition of the great vessels. 
The anomalous venous channel was probably of 
some beneficial influence as an additional com- 
munication between the two circulations. 

Partial Anomalous Pulmonary Venous 
Connection 

PATHOLOGIC ANATOMY 

In partial anomalous connection of the pul- 
monary veins, as the term implies, some of the 
pulmonary' veins connect normally with the 
left atrium while the remainder join a sys- 
temic vein or the right atrium. Usually only 
one lung or part of it contributes to the anom- 
aly, anomalies of the right pulmonary veins 
being about six times as common as anoma- 
lous connection of the veins of the left lung 
(Hiclcic et al, 1956). 

In rare cases (Hwang et at, 1950, Ellis et 
at, 1938), veins of both lungs are anoma- 
lously connected while only a small segment 
of the pulmonary' venous system connects 
with the left atrium. Tliese cases form a group 
somewhat different from that of the usual ex- 
ample of partial anomalous pulmonary' venous 
connection. Functionally they are more akin 
to total anomalous connection. An alternate 
classification for these cases might be subtotal 
anoinahtis pulmonary venous connection. 

The usual e\.ainples of partial anomalous pul- 
monary venous connection form three more or 
less Well-defined pathologic entities. Anomalous 
connection of left pulmonary veins may involve 
the entire left lung or only the upper lobe of the 
left lung. Usually the left innominate vein re- 
ceives the anomalous channel represented by a 
.solil.nry vessel which passes anterior to the left 
pulmonary lulus (Geraci and Kirklin, 1953, 
Ilickic rf aJ., 1936, Zion. 1956). Rarely the 
anomalous vein terminates in the coronary sinus. 
An atrial 5cpt.il defect at the fossa ovalis is usu- 
ally associate<l. In a rare case (Hickie et aJ., 
1958) the atrial septum is intact. 

Anomalous connection of right pulmonary’ 
veins takes two forms. In the more frirquenl 
form (representing the most common type of 
partial anom.alous connection), the anomalous 


vein or veins from the right lung join either the 
superior vena cava or the right atrium or both. 
An atrial septal defect involving the area superior 
to the fossa ovalis is usually present. Cases of 
diis ty-pe have been discussed more fully in the 
section dealing with Interatrial Communications 
(page 269). The second form of anomalous con- 
nection involves all or part of the right lung, and 
the anomalous vein perforates the diaphragm to 
join the inferior vena cava (Dotter et at, 1949; 
Cooke et at, 1931; McKusick and Cooley, 1955). 
Anomalous arterial supply by a branch from the 
aorta to the lower lobe of the right lung may be 
associated (Cooke et at, 1951). Partial seques- 
tration or bronchial agenesis may be present in 
the nght lung (Findlay and Maier, 1951; Bni- 
vver. 1953). 

FUNCTIONAL AND CLINICAL FEATUHES 

The effect upon the heart of partial anom- 
alous drainage of the pulmonary veins re- 
sembles that of atrial septal defect. This in- 
cludes dilatation of the right atrium and 
dilatation and hypertrophy of the right ven- 
tricle. Tlie pulmonary trunk and the other 
pulmonarv’ vessels may be dilated. Tliese 
features may be demonstrated roentgeno- 
graphically. 

In rare instances, as in hvo of the cases of 
Grishman and associates (1949), the anoma- 
lous vein itself mav’ cast a shadow in the roent- 
genogram. It is difficult or impossible to make 
the clinical diagnosis of partial anomalous 
dr.iinage of the pulmonar)' veins without spe- 
cial studies. On cardiac catheterization, the 
right atrial blood has an abnormally high con- 
centration of oxygen. This condition may, of 
course, be the result of an atrial septal defect 
without other malformations. 

If the catheter is passed directly into an 
anomalous vein, and it is demonstrated that 
the blood is completely saliualed writh oxy- 
gen, the findings can be considered diagnostic 
for anomalous drainage of a pulmonary’ vein 
(Knutson ci nJ., 1930). Even under these cir- 
cumstances, it may be impossible to rule out 
an associated atrial septal defect (Coumand 
ct ah, 1949), since the catheter may pass 
through an atrial septal defect or even a val- 
vular competent patent foramen ovale, enter 
the left atrium and then a nonnally connect- 
ing pulmonary’ vein (Edwards ct at, 1953). 
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Swan and associates (1953) have established 
criteria for distinguishing partial anomalous pul- 
monary venous connection from atrial septal de- 
fect by the use of dye-clihition techniques. The 
patient is not Ijkely to be disabled unless more 
than 50 per cent of the blood leaving the lungs 
enters the right side of the heart (Brody, 1942). 

Pulmonary Arteriovenous Fistula 
Congenital pulmonary arteriovenous fistula, 
also called arteriovenous aneurysm and cav- 
ernous hemangioma of the lung, was reviewed 
extensively by Giampalmo ( 1950). Tlie lesion 
is usually confined to one pulmonary lobe. 
In the patient of Sisson and associates (1945), 
ho\vever, fistulas were found in both lungs at 
necropsy. In the usual case, part or all of a 
lobe is replaced by a plexus of various-sized 
tortuous vessels which intercommunicate. The 
condition is important because it allows pul- 
monary arterial blood to pass to the pulmo- 
nary veins and so to the left side of the heart 
without oxygenation in the lungs. As a result, 
there is desaturation of the systemic arterial 
blood. Cyanosis and the other features of 
hypoxia may appear, including weakness, 
fainting, polycythemia and clubbing of the 
fingers and toes (Goldman, 1943), but in 
milder cases cyanosis is not apparent (Freed- 
man ct al., 1952). It was believed for many 
years that some of the patients had had severe 
cardiac malformations (Baer ef al., 1950, Hus- 
son, 1956). The lesion, however, may be 
visualized on roentgenographic examination 
(Smith and Horton, 1939; MaUer and Zion, 
1946; Grishman ct al., 1949; Steinberg and 
McCIenahan, 1955), and c\ire may be effected 


by resection of the involved pulmonary lobe 
(Hepburn and Dauphinee, 1942, Jones and 
Thompson, 1944, Burcliell and Clagett, 1947; 
Maier et ah, 1948, Wodehouse, 1948) or of 
the individual lesions when they are multiple 
(Janes, 1944). 

Since die blood winch flows through the 
anomalous wimniunication is venous blood which 
bypasses nonnal pulmonary tissue, cerebral ab- 
scess may develop as a complication of con- 
genital pulmonary arteriovenous fistula, as it may 
in those types of congenital cardiac disease which 
are characterized by veno-arterial shunts. Such 
a complication was reported by Wodehouse 
(1948) in a boy aged 13 years with a pulmo- 
nary arteriovenous fistula. Necropsy revealed no 
intravascular focus of infection. Bacterial infec- 
tion of the fistula is another complication which 
might be anticipated. This has been described by 
Maier and associates (1948). The patient was 
a woman aged 20 years who was cured both of 
the fistula and of the infection by excision of the 
involved lobe. Patients svjth congenital arterio- 
venous fistula of the lung, frequently have as- 
sociated familial telangiectasia (Rendu-Osler- 
Weber disease) (Goldman, 1948, Armentrout 
and Underwood, 1950). 

Rarely a pulmonary artery connects with the 
superior aspect of the left atrium (Friedlich ct 
al., 1930, Mack and McNie, 1953). In such in- 
stances, a right-to-left shunt is possible through 
this connection. Developmentally these cases 
should be regarded ns examples of total anoma- 
lous pulmonary arteriovenous fistula between a 
pulmonary artery and the common pulmonary 
vein, the fistula being retained while the com- 
mon pulmonary vein is carried into the left 
atrium. 
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POSTMORTEM CHANGES 


R igor Jiiorfii involves the heart earlier than 
the skeletal muscle, starting within one 
hour after death. The left ventricle is the first 
portion of the Jieart to be involved, Aschoff 
(1919) believed this to be tlie reason why 
the left ventricle, after death, contains prac- 


tically no blood while the right x’cntricle is 
still partly filled. Most of the liquid blood 
is found in tlie right atrium. In some hearts 
with sei’cre degcncratis’c changes of the 
myocardium, rigor mortis does not occur. 
After 12 to 21 hours, rigor mortis disappears 
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Figure VIM. Segmentation of cardiac muscle fibers. DcatJi was caused by 
lobar pneumonus Autopsy was petfonned 70 hours after death. (WCGH, 
42 A 54.) 


and the consistency' of tlie heart becomes 
very soft; the mijocardium becomes more and 
more parboiled in appearance, its normal 
arclillecturc increasingly obscured, and the 
papillar>’ muscles and columnae cameae flat- 
tened. About 24 hours after death, and 
sooner if the body is not refrigerated, ihs 
endocardium becomes gradually stained with 
decomposed hemoglobin and assumes a red 
color. Tills is particularly noticeable in the 
valvoilar endocardium. Later, the hemoglo- 
bin becomes similarly diffused into the myCK 
ctirdium and pericardium. While putrefaction 
occurs, bubbles of gas may be found in the 
cardiac chambers, particularly in the right 
atrium. 

Few studies lias’e been made of autob-sis of 
the myocardium. In dogs, yoI«o\’aina and asso- 
ciates (1935) found a progresshe loss of stain- 
able glycogen, the sequence of changes being 
similar to that seen in experimental ischemic in- 
jurj'. One hour after the onset of autolysis there 
was patchy loss of the glycogen, and after 5 


hours, no stainable glycogen remained. The lipo^ 
chrome pigment u’as unaltered during autolysis 
and no other stainable fat had accumulated. 

Blood clots commonly form in the lieart 
cliambers after death and may be confused 
with ante-mortem thrombi. Compared to 
thrombi, the clots of coagulated blood are 
soft, are either dark red or yello^^’-\vhite (re^ 
sembling chicken-fat), with varying amounts 
of Bbrin loosely attached to the endocardium, 
They are common!)’ found in the atria, arid 
espedally within the auricular appendages 
and in the apical portion of the x’entricles. 
They may be attached by strands bctxvccn 
the pectinate muscles of the auricular ap- 
pendages. Clots are easily removed with 
forceps or by a stream of xvater. They also 
often extend into the great vessels or from 
one cavity into an adjacent cavity. Charac- 
teristically tlicy are smooth and elastic. 

Tlirombi arc drier than clots, are not elas- 
tic and are easily tom when an attempt is 
made to remove them. Tliey are not as 
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smooth and glistening as clots, and are at- 
tached to the underlying endocardium. If 
a thrombus has been present for some time, 
the portion nearest the endocardium may be 
partially organized while the bulk of the 
thrombus may show softening and laminar 
depigmentalion. 

Segmentation and Fragmentation of Myo- 
cardium. Segmentation is usually described 
as separation of the myopardial muscle fi- 
bers in the line of the intercalated disks (Fig- 
ure VII-1) and fragmentation as fracture of 
the fibers at some point between the disks. 

The older pathologists thought that seg- 
mentation and fragmentation were two dis- 
tinct conditions sometimes occurring during 
life, and regarded them as a cause of death. 
(See Hektoen, 1897, and Saphir and Kars- 
ner, 1924, for older literature.) They be- 
lieved that, if the ruptured ends of the 
muscle fibers were straight, it signified that 
the rupture occurred in the line of the inter- 
calated disk. This process Avas called seg- 
mentation. However, if the ruptured ends 
were irregular or combshaped (pectinate) it 
was thought that the line of fracture went 
through the myocardial fibers between the 
disks. This process was called fragmentation. 
Jordan and Bardin (1913) found that the 
intercalated disks in hypertrophic hearts were 
not arranged as straight lines but were ir- 
regular and shaped like the teeth of a comb. 
It then became clear that segmentation and 

DISTURBANCES 

Disturbances of Frotein Metabolism 
Cloudy Swelling and Hydropic Degener- 
ation. The heart may show little change on 
gross examination; it may at most be slightly 
enlarged, with opaque and granular cut sur- 
faces, an appearance which is described as 
parboiled. Microscopicallj’ the cells are 
swollen and the cytoplasm is granular and 
indistinct. Frequently the nucleus is partly 
obscured. In hydropic degeneration small 
droplets accumulate in the cj'toplasm (Fig- 
ures VIl-2 and VII-3). 

In hydropic degeneration (Figures VII-2 
to 4) small acidophilic droplets appe.ar in 


fragmentation are essentially the same 
process (Saphir and Karsner, 1924). 

In experiments designed to produce severe dila- 
tation of the heart, Saphir and Karsner showed 
that ptrjor to rupture of the myocardial fibers, the 
intercalated disks appeared to be prominent. It 
also seems hkely that fracture of muscle fibers 
which IS definitely not in relation to the inter- 
calated disks must be regarded as an artefact 
caused by the microtome knife. In such instances 
It can often be demonstrated that the lines of 
fracture also pass through the muscle nuclei. 
Hamper! (1929) beheved that fragmentation in 
the human heart does not occur before onset of 
rigor mortis and that the points of rupture have 
some sort of relationship to more severely con- 
tracted muscle fibers. He was unable to pro- 
duce fragmentation in the experimental anima?. 
However, he did not mention the state of the 
intercalated disks or the relationship between the 
intercalated disks and the points of rupture. 

Saphir (1933) paid special attention to the 
intercalated disks m human hearts. While in 
sections of non-dil.ated hearts, stained with hema- 
toxylin and eosin, the intercalated disks were 
hardly noticeable, in sections of dilated hearts 
they were prominent and easily discernible. They 
were more pronounced in the muscle fibers situ- 
ated close to the endocardium than in those close 
to the epicardiom. The presence of dilatation of 
the he.irt was often indicated by the microscopic 
appearance of prominent intercalated disks, and 
this deduction was often confirmed by reference 
to the gross description of flattened papillary 
muscles and columnae cameae. 

OF METABOLISM 

the sarcoplasm of the muscle fibers. Grossly 
this condition is indistinguishable from 
cloudy swelling. The nature of the changes 
in cloudy swelling and hydropic degener- 
ation is not clear and probably is not the same 
in all cases. The swelling is attributed to in- 
creased imbibition of water resulting from a 
diange in osmotic pressure, so lliat tlic cells 
hold more fluid within the sarcoplasm. Tlie 
granules in the sarcoplasm are presumably 
protein in nature. 

Lucke ami McCutcheon (1926) liavc sliown 
experimentally th.it two tvpcs of cellular swelling 
may occur in the eggs of the sea urchin. The first 
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Figure VII-2. H>dropic degeneration of m)ocarduiin m lieal stroke. Death 96 hoiin after onset of 
illness X240. (Courtesy, Armed Forces Institute of Pathology, Acc. 95093, Neg. 88408.) 


type of swelling occurs when the osmotic pressure 
of the otitside solution is lowered. Such swelling 
]$ reversible, when the cause is removed, the cells 
return to normal. The second t>-pe of swelling is 
induced by various injurious agents such as acid, 
ether and heat. This type of sw’elling is Irreversi- 
ble and the cells are killed. It is not know'll 
whether these results are applicable to human 
beings, but they suggest that cloudy swelling may 
iW3\* Ja? reiwfihi? sKwnfAwref msf be 

associated with death of the cells. 

Experimental findings in animals indicate 
that cloudy swelling is a reflection of milo- 
cliondrial injurx’. Tims it has been shown 
that, following toxic injurj*. the mitochondria 
in the liver and elsewhere swell and assume 
a spherical rather than an oblong form co- 
incidentally w'ilh the appearance of cloudy 
sw’clling (Gansler and Rouiller, 1956). The 
work of Fonnesu and Severi (1956) suggests 
that cloudy swelling represents the morpho- 
logic erpiivalent of the uncoupling between 
oxidation and phosphorylation in the mito- 
chondria. 

A peculiar degenerative vacuolalion (x’acuolar 
infiltraUon, sarcoI>6c myocardiosis, myoc>tol>sis) 
is sometimes obserxed around infarcts (SclJe- 
singer and Reiner, 1955), in anoxia, infections. 


idiopathic cardiomegaly and benberi (Weiick^. 
bach, 1934). It occurs in both the contractile 
myocardium and the fibers of tlie conducting sys- 
tem and may be particularly marked in the neigh- 
borhood of infarcts in the atria of the heart 
(Cushing et al., 1942). CharacterisU'cally the 
lesions are focal, small, and ha\ e ragged border;. 
The sarcolemmal sheaths are often emptj’ or cop- 
tain a few fraxed or fragmented fibrils and small 
^ preie/ft pi’•sc^p:tate. TAx? he 

large. Irregular and deeplj’ stained, and some 
contain small, clear xacuoles. Similar lesions 
occur in potassium deficiency (see below*). The 
nature of the intracellular material is not dear. 
In expenmenls on myocardial infarction In dogs, 
xx-e have obserxed similar changes in llie m>o- 
cardial fibeis abutting on the infarct and liaxij 
been able to shoxv that the material is glycogen. 
The pathogenesis of the lesion is not known. Ex- 
perimentally, degeneratixe x'acuoiation h.as been 
produced in cats by anoxia. In ra!>!)its h>' injcc. 
tions of adrenaline or by hj'pcrthymidism, anej 
in rats by feeding diets deficient in xilainiii B ant) 
protein. 

Mucinous or Basopliilic Degeneration. This 
is a focal lesion characterized by incrc.'iscd 
cytoplasmic basophilia of inyocardj.al fibers. 
Scotti (1955) found such a degenerative 
change in 53 of 75 hearts, but other authors 
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have reported a lower incidence (Doerr, mucicarmine. It gives a negative Feulgen 
1952). All chambers of the heart may be reaction and ribonuclease test, and cannot be 
affected, but the left ventricle is most fre- stained by von Kossa’s method. Thus the 
quently involved. Mucinous degeneration basophilic material is probably a mucopro- 

has been observed at all ages. Although the tein or acid mucopolysaccharide and is not 

cause is unknown, some authors lia^’e tlrought related to desovyribonucleic or ribonucleic 

it was related to myxedema or anoxia. The acids. 

available evidence indicates that uremia and Mijocardosis. Rarely the interstitial tissues 
anemia are not related to the lesion. The of the myocardium become infiltrated with 

affected fibers are sharply outlined, the cyto- edema fluid wbicli is rich in proteins and 

plasm swollen with basophilic substance, and shows an affinity for basophilic stains. In see- 
the nuclei usually are unaffected, although tions stained with hematoxylin and eosin, the 

occasionally they are pyknolic. In the early material appears homogeneous and is locally 
stages the basophilic substance is pale, in- distributed in the myocardium and endocar- 
distinct, and separates the myofibrils without diiim, especially in the right side of the heart, 
fragmenting them. The material accumulates It is said to be present chiefly in aged pa- 
first around the nucleus and then spreads tients with senile thoracic rigidity (Selburg. 
through the cell replacing the myofibrils. Fi- 1955). 

nally, only a thin rim of muscle may remain Hyaline Degeneration. The recognition of 
at the periphery while fragments of fibrils hyaline degeneration cannot be made grossly 
and vacuoles are scattered through the cell, but must await microscopic analysis. It is 
Histochemical studies show that the baso- seldom diffuse but often localized. It may 
phihc substance exhibits metachromasia with appear in the form of small acidophilic drop- 
toluidine blue, reacts positively with the peri- lets within the sarcoplasm of the muscle fi- 
odic aoid-Schiff reagent even after diastase bers or, when diffuse, replace the muscle 
digestion, and stains light red witli Mayers fibers. It is probable that this represents 



Fj{.TJTe VJI-3. Iljilropic dcgencratjon of rj>ocardMim. Saiue case as fhat of Figure ^Courtesy, 

Forces Institute of Pathology, Acc. 93093-2, Xeg. 88-110.) 
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coagulation of sarcoplasmic protein which 
occurs as the fiber dies. An interesting change 
sometimes occurs in older myocardial 
farcts in which dead muscle fibers are not 
replaced by scar tissue but gradually become 
hyalinized. One may encounter areas in the 
m>’ocardium which at first glance appear to 
be normal, in which the muscle fibers show 
increased eosinophilic staining and have no 
nuclei. Since the general shape of these fi- 
bers is preserved, the term “mummification*’ 
may be used for this tyi^e of hyalinization. 
Whetlier Zenher’s (waxy) degeneration oc- 
curs in the myocardium is questionable. 

AM\'1.0ID0SIS 

Amyloidosis. An abnormal protein complex 
called amtjJoid may be deposited in certain 
tissues of the body. Amyloidosis is usually 
classified as (1) primary, (2) secondar>'; (3) 
amyloidosis associated with multiple mye- 
loma; and (4) localized amyloidosis of the 
heart, larynx, skin, bladder or other organ. 
The most common form is secondary' amy- 
loidosis which is ordinarily preceded by 
chronic suppurative disease or less frequently 
by nonsuppurative chronic inflammation. Pri- 
mary amyloidosis and localized amyloidosis 
occur spontaneously without known cause. 

Primary Amyloidosis of Heart. Crtlena for 
diagnosis. The criteria for the diagnosis of 
primary amyloidosis are giv’en l>)' Hartney 
and associates (1949). In the order of im- 
portance, they are: (1) absence of a predis- 
posing factor, such as chronic suppuration; 
(2) failure of the amyloid deposits to shmv 
the usual staining reactions for amyloid (the 
response to dilute Lugol’s solution and sul- 
furic acid, Congo red and crystal vaolet may 
be irregular and capricious in primary amy- 
"loidosis); (3) non-involvement of organs 
Commonly affected in secondary’ amyloidosis; 
and (4) deposits in unusual sites such as the 
heart, blood vessels, skin and skeletal mus- 
cle. 

Incidence. Primary amyloidosis is fre- 
quenlh' accompanied by cardiac involvement, 

Lindsay (1946) studied 43 cases at autopsy. 
Cardiac invaivement present in 39, in 33 ol 
which clinical signs of heart failure were evident 


during life. In an analysis of 130 published cases 
of primary' amyloidosis and 13 personally studied 
cases, Symmers (1956a) reported involvement 
of the heart in 90 per cent. Jones and Frazier 
(1950) also observed a high incidence among 
patients in West Tennessee — 2.3 per cent of 600 
consecutive autopsies of adults. 

Sites of incohement. The pericardium and 
epicardium are frcquentl>’ involved in am>’- 
loidosis, the involvement being either nodular 
or diffuse. In the nodular form the deposits 
may be few or many and may vary from 1 
mm. to 4 cm. in diameter. Tlie nodules are 
usually peariy gray and transhicent, and oc- 
casionally yellow-gray; they are common in 
the ventricular wall. Sometimes the deposits 
form furrow's. In the diffuse type of amyloido- 
sis the epicardium and pericardium are thick, 
gray-yellow and semitranslucent. Rarely there 
is a gray-gold, gelatinous membrane on the 
surface. Microscopically the blood vessels of 
the pericardium, as well as of the interstitial 
tissues, are involved. Often rings of amyloid 
surround the fat cells of the pericardium 
(Mathews, 1954). 

The myocardium is attacked more often 
than other parts of the heart. Both the atria 
and the ventricles may be either diffusely or 
locally affected. In diffuse involv'ement the 
atrial and ventricular walls are likely to be 
thick and leatliery. Usuallj' the\‘ are finn and 
pale gray-tan or brown and have a wusv', 
translucent, Ijomogeneous appearance. The 
musde cuts with increased resistance and, on 
opening the heart, the chambers do not col- 
lapse but retain their globular shape. Irregular 
translucent, pearlv’ gray streaks or flecks ma\' 
be scattered diffusely tlut)ugh the myocar- 
dium. Tlie streaks, particularly in the region 
of the pericardial sinus, often have a peculiar 
parallel arrangement or are sinuous. They also 
occur ill the endocardium and j^ricardium 
and may extend deeply into imderlpng tis- 
sues, particularly in tlie atria where the full 
diickncss of the myocardium ma>’ be involved. 
Microscopically tliere are two types of invoK e- 
ment, both of which follow a characteristic 
pattern. In tlie first tjpe amv’loid is found 
in hlood vessels, including the main coro- 
nary arteries, arterioles, capillaries and veins. 
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In the second type there is diffuse interstitial 
infiltration of the myocardium. The myocar- 
dial fibers are compressed and undergo ne- 
crosis and atrophy, which may be extensive. 
\\^ien atrophy is present the sarcoplasm is 
vacuolated and contains deposits of lipid or 
pigment, and nuclear degeneration and ne- 
crosis are common. \nth excessive deposi- 
tion, the muscle cells disappear entirely, 
leaving empty amyloid rings or solid sheets 
of amyloid. Fragmentation of myocardial fi- 
bers is frequent. 

According to some observers, the amyloid js 
deposited in and about altered reticulum (Jones 
and Frazier, 1950). Teilum (1956) has presented 
evidence that the reticiiloendotlielial cells, con- 
taining polysacchande substances colored by the 
penodic acid-Schiff technique, may be directly 
concerned with the synthesis of amyloid and 
related substances. According to Peters (1943), 
amyloid is first deposited on the cell membrane; 
gradually the deposits increase, giving rise to 
the distinctive pericellular rings, and the tissues 
undergo atrophy because of pressure and inani- 
tion. Finally, even the fibrous skeleton may dis- 
appear ivithout trace. In heavily affected areas, 
the appearances may resemble a fresh infarct. In 
addition to the usual interstitial deposits, amy- 
loid may rarely be found within the sarcoplasm of 
the myocardial fibers as a fine linear deposit in 
relation to the myofibrils. Fusion of the deposits 
may greatly distend the cells. Sometimes giant 
cells may contain amyloid infiltrate in affected 
areas. Amyloid nodules may show a laminar 
structure and may undergo c.ilcification and e\'en 
ossification. 

Gross infarction of the myocardium may 
occur as a result of obstruction of a coro- 
nary artery by a nodular deposit of amyloid. 
In one case observed bj' S)7nmers (1956b), 
the left ventricle had ruptured through a 
massively infiltrated area and the patient died 
of hemopericardium. Often the lieart is con- 
siderably enlarged, weighing as much as 600 
grams. 

Tlie mural endocardium is infiltrated in a 
majorit)’ of the recorded cases, usually in 
the fonn of stratified or nodular deposits. 
Occasionally the infiltration is coiilimioiis 
with the amyloid in the myocardium. 


In 16 of 43 cases of primary systemic amyloi- 
dosis r^orted by Lindsay (1946) amyloid depos- 
its were present in the heart valves. The valvular 
mvolvement is usually slight and may only be 
demonstrable in microscopic sections. A few 
cases, however, have discrete nodules on the 
valves measuring from 1 to 3 mm. Tiie amyloid 
occurs in either the cusp or the annulus of the 
valve. Sometimes the inv’olvement is diffuse, lead- 
ing to stiff thick cusps and stenotic orifices. In 
still other cases the thickening is pbique-like, and 
cccastonally very large nodules are found. All 4 
valves are reported to be involved \vith about 
equal frequency. Frequently, the amyloid ex- 
tends from the ring of the %'alve to its free edge. 
Amyloid may also lie in the deeper layers of the 
valvular and mural endocardium. 

The chordae tendineac may be involved 
in the amyloid infiltration. Usually the amy- 
loid originates in the valvular endocardium 
and extends into the substance of the chordae 
lendineae. 

As stated above, the coronanj arteries may 
be so e.vtensively involved ns to prodircc oc- 
clusion and myocardial infarction. Although 
the large coronary arteries may be affected, 
it is more usual to find the medium-sized and 
small arteries involved. Tlio arterioles, capil- 
laries and veins have also been reported as 
sites of amyloid infiltration. 

CUnicol manifestations. Signs of cardiac 
insufficiency constitute the most important 
clinical feature of primary amyloidosis. Tlic 
patients generally are about 50 years of age 
or older, usually have not had evidence of 
previous hypertension, and gradually develop 
cardiac failure, cardiac enlargement and par- 
esthesias. Tlie response to digitalis and other 
forms of treatment is poor and death occurs 
several years after tlie onset of symptoms. 
The failure may be produced in a variety of 
ways. Deposits may form in the vaK’cs of 
the heart and cause stenosis or insufficiency. 
Tlie material may infiltrate the interstitial 
tissues of the myocardium, endocardium or 
pericardium. IVhen the coronar>’ arteries arc 
affected, stenosis or occlusion may result, 
with consequent angina pectoris or myocar- 
dial infarction. It is also rewgnized tJwt 
extensive deposits of amyloid in the vessels 
and alveolar walls of the lungs may lead to 
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hypertrophy of the heart, especially of the 
right ventricle and atrium. Electrocardio- 
graphic findings are variable and include 
low voltage of the QRS complexes and flat- 
tening or in\'ersion of T waves. Studies by 
cardiac catheterization confirm the clinical 
impression that amyloidosis strikingly resem- 
bles constrictive pericarditis, because of the 
inelasticity of tlie amyloid myocardium which 
interferes with diastolic expansion of the 
heart (Gunnar et al., 1955). 

Amyloid Localized in the Heart. King 
(1948) and Dahlin and Edwards (1949) 
have described cases in which localized de- 
posits of amyloid were found in the heart 
and in no other organs. 

All of their patients were relatively old, rang- 
ing in age from 63 to 100 years. In most of the 
cases the amyloid could be recognized grossly, 
particularly beneath tlie endocardium of the 
atria. The deposits were minute, translucent and 
pink-gray. Both atria were invob-ed with equal 
frequency. The right atrium near the mouth of 
the coronary sinus and the intima of the coronary 
sinus for a distance of about 2 cm. were the most 
common sites, whereas in the left atnum the 
regions most commonly involved were the pos- 
terior wall and septum. Microscopically the amy- 
loid was discovered to be in the loose connective 
tissue in tlie atrial endocardium. In the myocar- 
dium it showed the same pattern as m primary 
amyloidosis. (See also Josselson et al, 1952, 
Hiisselmann, 1955.) 

Secondary Amyloidosis. The heart is usu- 
ally spared in secondar>’ amyloidosis. How- 
ever, in exceptional cases small deposits of 
amyloid may be found. Thus, Huebschmann 
(1907) reported that in 8 of 9 consecutive 
autopsies on tuberculous patients with amy- 
loidosis, amyloid wms found in the heart also. 
Usually it is located in blood vessels, in the 
interstitial tissues of the myocardium or be- 
neatli the endocardium, and rarely in the 
valves or endocardium. In experimental amy- 
loidosis, deposits occur commonly in the 
myocardium. In multiple myeloma the find- 
ings are usually similar to those in secondary' 
amyloidosis, and involvement of the heart is 
slight. Less commonly, the distribution of 
amyloid is the same as in the primary’ form. 


Staining Reactions of Amyloid. In sections 
stained \vith hemato.xy’lin and eosin, amyloid 
has a homogeneous, amorphous cliaracter. 
staining pink, but usually' not so brilliantly as 
collagen, and lacks the fibrillar nature of 
collagen. It exhibits metacliromatic staining 
with certain basic dyes such as methyl violet 
and crystal violet, and stains light blue with 
aniline blue and methyl blue. With Congo red 
it stains deep red. Amyloid assumes a yellow' 
color w'ith the van Gieson stain; rarely there 
is a slight pink cast, but ne\'er the bold red 
of collagen; this is a helpful characteristic in 
distinguishing deposits of amyloid from col- 
loid. King has described tlie ability of amy- 
loid to combine with ammoniacal silver with- 
out the use of any reducing agent and has 
devised a histochemical metliod based on 
this observation. Amy'loid also is dimly fluo- 
rescent under ultraviolet light. 

Gouty Heart. Tlie heart may be affected 
in gout although actual tophi are rarely' 
found, ^^'llen they do occur, it is usually in 
the endocardium and the mitral valve. In 
order to make the diagnosis, positive iden- 
tificaKon of the presence of appreciable 
amounts of uric acid in the tophi is impor- 
tant, because small amounts of uric acid may 
be deposited directly from the blood upon 
previously existing deposits of phosphate and 
carbonate of lime. 

Many of the cases reported in the literature 
fall into this latter category’ (Sodeman, 1941). 
However, Bunim and McEwen (1940) have re- 
ported an acceptable case of gouty tophi in the 
heart vahes. 

Traut and associates (1954), at necropsy- of 
2 patients who died of gout, demonstrated urates 
in the walls of the arteries and in the valves and 
muscle of the heart. In 1 case chalky deposits, 
which reacted positively to Weidel's test (miirex- 
ide), were present on the undersurface of the 
mitral \al\e and extended o\er the p.irietal endo- 
cardium. In the other case urate crystals were 
present in the connective tissue of a coronary 
artery thickened by- atherosclerosis. These au- 
thors recommend that tissues be fixed in absolute 
alcohol since aqueous fixathes dissolve the gouty 
deposits. Kaufmann (1929) mentions finding 
urate deposits in tlie pericardium. 

Hypertension and hy-pertrophy of the lie.art 
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may result if there is accompanying renal 
disease. It is said that the incidence of 
hypertension and arteriosclerosis is higher in 
young gouty persons than in young persons 
suffering from otlier types of chronic disease. 
This increased incidence of hypertension and 
arteriosclerosis is less noteworthy in older age 
groups (Talbott, 1943). 

Disturbances of Metabolism of Fat 
Fatty Change in the Heart. Two varieties 
of fatty change occur in the heart: (1) fatty 
infiltration, which is an increase in subepi- 
cardial fat with infiltration and replacement 
of the myocardium by fat, and (2) fatly de- 
generation, which affects the sarcoplasm, and 
occasionally the nuclei, of the myocardial 
fibers. This classification is useful because 
there are clinical, pathologic and etiologic 
differences between the two conditions. Fatly 
infiltration “affects cells which normally con- 
tain fat and represents an alteration simply 
of the normal fat depots and transport” 


(Saphir and Corrigan, 1933), whereas fatty 
degeneration is a deterioration of the myo- 
cardium caused by the action of some in- 
jurious agent, often a to.vin, whereby fat or 
lipids accumulate in the myocardial cells. 
Fatty Infiltration of He.art. Fatty infiltra- 
tion means an excess in the deposit of normal 
fat and, therefore, is found in locations in 
which fat occurs normally. In the heart it 
is found in the subepicardium of the ventral 
wall of the right ventricle. Grossly the excess 
of fat is easily recognized on opening the 
right ventricle and atrium and exposing the 
tricuspid valve. In fatty infiltration there is 
also extension of the subepicardial fatty tis- 
sue into the myocardium with replacement 
of muscle fibers. Early fatty infiltration is 
seen here exclusively, and advanced infiltra- 
tion is most marked in this location. Nor- 
mally there is a sharp demarcation of the 
subepicardial fatty tissue from the myocar- 
dium. In fatty infiltration the fat extends 
somewhat like the cells of a malignant tu- 



FiRure VII-4. Myocylolyiis of tfie myocanlium adj.iccnt 
to an infarct in the light atrium. Ilematotylin and cosin. 
X400. 
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Figure VLI-3. Fatt> infiltration of right ventncle. X175. ( WCGff, 40 A 0. ) 


mor into the myocardium of the right ven* 
tricle and there is no clear-cut demarcation 
between the subepicardial fat and the myo- 
cardium. In this process, an excess of fat 
causes pressure atrophy and leads to dis- 
appearance of the muscle fibers and their re- 
placement by fat. Tlie process may continue 
until the entire myocardial tissue of the right 
ventricle in a certain area is replaced by fat. 
This may be noted particularly at the apex 
and, in advanced cases, just benealli the 
endocardium. 

Fatty infiltration also may involve the left 
ventricle where it is seen best in the form 
of plaques or circumscribed areas just be- 
neath the endocardium, covering the inter- 
ventricular septum. Often it folloxvs the 
course of the left bundle branch and its rami- 
fication. Since no extension of the subepi- 
cardial faltx’ tissue is demonstrable in these 
instances, it must be assumed that there is an 
excess of the minute amount of fat xxhich 
may normally be present adjacent to these 
subendocardial fibers. Monckeberg (1924) at- 


tributed unexpected death to fatty infiltration 
of the bundle of His. 

Microscopically, the excess of fat cells and 
the atrophy of muscle bundles and individ- 
ual fibers, in the absence of any cellular in- 
filtration (Figure VII-5), are easily demon- 
strable. It is also easy to discern the presence 
of fat tissue betxx*een muscle bundles and its 
extension into the myocardium at a distance 
From the subepicardial fat. The excess of fat 
is often noted first in the perix'ascular areas. 

Fat may also infiltrate the atria, more com- 
monly the right atrium than tlie left. It is 
possible tliat some forms of cardiac arrhyth- 
mia or electrocardiographic changes may be 
induced by infiltration of fat with compres- 
sion of the sinus node. 

Tlie clinical signs and sjTnptoms of fatty 
infiltration should be those of right heart fail- 
ure. Yet fatty infiltration of the myocardium 
is practically never diagnosed during life. It 
stands to reason that a right ventricle par- 
tially replaced by fat would hax’e diminisherl 
reserve power. W’hile it may cause dcatli 
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rarely, it often serves to explain death of a 
patient who has relatively little broncho- 
pneumonia or small pulmonary emboli. In 
tliese instances it is the right ventricle which 
is called upon to do extra work. A right ven- 
tricle with much of its myocardium replaced 
by fat may not be able to compensate for the 
slightly increased demand upon it and such 
a patient may die, sometimes unexpectedly, 
in the absence of premonitory symptoms. 

The occurrence of rupture of a heart from 
severe fatty infiltration is questionable. A 
number of such instances are described in the 
older literature, and in 1939 an example was 
reported by Donat. If rupture occurs at all, 
it is extremely rare. 

Fatty infiltration is often found in the 
markedly obese and may also be present in 
the heavy beer drinker. Tlie so-called “beer- 
drinker’s heart” of the old literature referred 
to fatty infiltration. However, fatty infiltra- 
tion of the heart also occurs in the absence 
of obesity. Other terms used for this entity 
are fatty heart and lipomatosis of the heart 
(lipomatosis cordis). 

Fatty Degeneration of Myocardium. Tliis 
condition may result from quantitative or 
qualitative alterations of the blood, especially 
in pernicious anemia or leukemia. It is com- 
mon in acute infections, especially diphtheria, 
scarlet fe^'er, sepsis or other infectious dis- 
eases accompanied by toxin production and 
high fever. It follows intoxication with phos- 
phorus, arsenic, chloroform, iodoform, ether, 
alcohol, and eating of poisonous mushrooms. 
Partial or complete obstruction of the coro- 
nary arteries and long-standing pericardial 
exudate are said to cause it. 

In experimentally induced ischemia in dogs, 
fatty changes occur in the myocardial fibers as 
early as 1 hour after injury. These gradually in- 
crease in intensity and persist for as long as 
14 days (Wartman ct ai, 1956). The anoxia of 
high altitudes may also cause fatty degeneration 
of tlie myocardium, especi.ally if h>i)ertrophy is 
present (Linzbach. 1952). Kaufmann (1929) re- 
ported that fatly degeneration of tlic myocardium 
was present in 50 per cent of his cases of cardiac 
iiypertrophy resulting from vaUxihir defects, kid- 
ney dise.ase, emphysema or ki-phoscol/osis. He 


mentioned that when vaK-ular defects are present 
there is often marked fatty degeneration of the 
papillary muscles, particularly in the left ven- 
tricle. Fatty change also occurs after intoxica- 
tion uath alcohol and carbon monoxide and in 
diabetes mellitus and acute liver necrosis. In rab- 
bits, fat has been observed to accumulate in the 
myocardium following decerebration or cauteri- 
zation of the brain (Valdes, 1954). 

Concerning the source of the fat in the 
myocardial fibers, the work of Dible (1934), 
Dible and Gerrard (1938) and Wartman and 
associates (1956) has established that most 
of the fat that appears in the myocardium in 
fatty degeneration is exogenous, being 
brought to the heart from the body depots. 
Ordinarily the heart burns much fatty acid 
but when the myocardial cells are injured, 
the fatty acids are not completely utilized 
and fat accumulates in the cell. 

The term, fatty degeneration of tlie myo- 
cardium, denotes excessive accumulation of 
fat and fatty substances in the myocardial 
fibers. The fat occurs in the form of droplets, 
most commonly in the cytoplasm but also in 



Figure Vll-0. r.illy ilcgcncralion of ni>oc.nri!inni of 
paptlLiiy biindlos of left ventricle. (WCGH, -iO A 50.) 
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Figrirc VII-7. Frozen section of tnyocanlium 
stained \nth Sudan IV to show focal deposi- 
tion of fat droplets ssithin the fibers. X ISO 


the nuclei. Bible (1934) recognized txvo 
forms of fatty degeneration. One form is 
patchy in distribution, having the \scll-kno\vn 
thrush-breast gross appearance ( Figures VII- 
6 and 7), while the other is diOuse and 
Ciw«cs \\vt myocasdittsu to look greasy. Al- 
Ihougli it is not known rvhether they arc en- 
tirely distinct lesions or may progress from 
one to llie other, nevertheless it seems de- 
sirable to retain the distinction until more is 
knoum of tlie nature of this disorder. 

rercevtaRe of fat in normal inywarr/iom. Ac- 
cording to Dible (1934), the amount of fat in 
the normal mrocardium, after rcmmal of the 
subepicardial fat and the f.it adjacent to the 
coronary’ arteries, is 1.74 per cent \mIIi a range 
of 1.4 to 2.1 per cent, and the corTcspomllng 
iodine >alue is 123 %\ith a range of 118 lo 130. 

Tlicse values were obtained from the hearts 
of presumably normal {xrrsons s\ho died either 
accidentally or from diseases which produced no 
detectable pathologic change in the heart. Hie 
amount of fat was determined by the method of 
Lciithes and Ilaper and the iodine values by 
Dam’s method. Tliere was no difference between 


the fatty content of the subepicardial half and 
that of the subendocardial half of tlie left V'cn- 
tricle. Dible reported that llie percentage of fat 
in children’s hearts is lower than tliat of adults, 
but gives no data in support of tliis statement. 
He asserted tliat the fat content of the cardiac 
mnsde reflects to some extent the general state 
of nutrition of the body, but that the range of 
%'ariation in the amount of fat is not aside, if tlie 
extremes of inanition and obesity are excluded. 

Patchy type of fatty degeneration of tnyo- 
carditim. In this form of fatty degeneration 
the changes are fairly sharply limited to the 
subendocardial portion of the myocardium, 
particularly the interventricular septum of 
the left ventricle, tlie papillarv’ muscles and, 
occasionally, to corresponding location-^ in 
the right ventricle (Dible, 1934). Localiza- 
tion in the subendocardial portion of the 
myocardium and the papillary’ muscles of 
the left ventricle suggests that patchy fatly 
degeneration may occur more frequently In 
some muscle bundles than in others, for this 
is the distribution of the superficial sino- 
spiral and bulbospiral muscles of the left 
ventricle. Such an e-qilanation would also 
account for the infrequent involvement of 
the right ventricle, for these muscles do not 
make up the papillary muscles or subendo- 
cardial layer of tliat chamber (Lowe and 
Wartman, 1944). The characteristic gross 
appearance is seen in the ventricular septum 
and consists of a peculiar yellow mottling 
which has been likened to the breast of a 
(hnisli or to tlie coat of the tiger or tabby 
cat. Tlio changes are most marked in the 
inner jMjrtion of the ventricular muscle be- 
neath the endocardium, although minor 
amounts of fat can occasionally be detected 
in Ollier parts of the heart. 

Microscopically the patchy character of the 
lesion is also apparent, the areas of fall)’ de- 
generation being sep.'irated by mjocardium 
which shows cither minimal changes or none 
at all. Tlie fat is found within the cvfoplasm 
of the m>’ocardial fibers in the fonn of glob- 
ules which may lie so largo as to disrupt the 
fibers. 

Bible found that, while the amount of fat 
in the myoeartlium in apparently normal 
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areas was 2.3 per cent, in visibly degener- 
ated areas it was 3.5 per cent, an increase 
of 52 per cent over the amount of fat in nor- 
mal heart muscle. The mean iodine values 
for these areas were 110.3 and 92.5, respec- 
tively. 

Diffuse type of fatty degeneration of myo- 
cardium. The myocardium is pale and greasy, 
soft, flabby and friable. Both the right and 
left ventricles are involved about equally. 
Microscopically the fat globules are small and 
so diffusely distributed that e^'ery fiber is 
peppered with them. Tlie entire thickness of 
the inter\’entricular septum is affected and 
there is no difference between the amount 
of fat in the inner and outer portions. 

On chemical analysis, the left ventricle con- 
tained an average of S.S per cent of fat, an 80 
per cent increase over the mean value for the 
normal left ventricle; the iodine value was 104 
(Dible, 1934). Kaufmann (1929) stated that 
Krehl found 26 per cent of fat in the cardiac 
muscle of a person with phosphorus poisoning 
(ether extraction of dried myocardium), whereas 
by the Svime method normal myocardium con- 
tained 11 per cent of fat. Chemical methods in- 
dicate that the heart contains no protein-bound 
fat although histochemical methods suggest that 
some of the fat may be bound to protein. 

There is no agreement among clinicians con- 
cerning the clinical manifestations of fatty de- 
generation of the myocardium. Cases have been 
described in which the patient’s death W’as attri- 
buted to a severe degree of fatty degeneration 
(Garvin, 1940). On the other hand, in some 
advanced cases of fatty degeneration death can- 
not be attributed to it. 

Fatty degeneration of myocardium in neio- 
born. Rarely a newborn child, usually a ro- 
bust infant, u’ill develop cyanosis, hemo- 
globinuria, icterus and shock on the first day 
of life and autopsy will reveal severe fatty 
degeneration of the heart and liver, writh mul- 
tiple punctate liemorrbages in all organs. Ibis 
condition has been given the name of 'Wm- 
keVs disease in the German literature and, if 
the cyanosis is particularly marked, it is called 
Buhrs disease. Both are usually associated 
with a progressive, septic infection. In Buhls 
disease the umbilicus and intestines are usu- 


ally infected, but in Winkel’s disease they are 
spared and there is commonly an infection 
with Bacillus (Escherichia) coli (Kaufmann, 
1929). 

Fatty Degeneration of Endocardium. Fatty 
degeneration of the valvular endocardium oc- 
curs in the form of white and yellow-white 
plaques on the atrial aspect of the mitral and 
tricuspid valves, usually at or near the base, 
and is often associated with calcification. 
Microscopically numerous cells are filled 
with fine fat droplets u'hich lie bet^^'een the 
connective tissue cells. Calcium may be pres- 
ent and in some cases, small mononuclear 
cells. These lesions are common in old people, 
but may be seen in children or young adults 
who have died from anemia, intoxication or 
infection. They are thought to result from the 
mechanical effects produced by closure of 
the valve during systole (Kaufmann, 1929). 

The Heart in Lipidoses. The heart may be 
involved in the lipid-storage diseases, focal 
accumulations of foamy cells being deposited 
in the endocardium or the arteries. Lesions 
may be found beneath the endocardium of 
the ventricles or atria and in the myocardium, 
and consist of nodular aggregations of foam 
cells and a reactive low-grade inflammation. 
The foam cells may contain lipids of dif- 
ferent sorts, depending upon the disease 
process, or may contain no lipid. In the coro- 
nary arteries the patches may cause occlu- 
sion with resulting myocardial infarction and 
death. There are no special features of the 
lesions of the heart in this disease. 

Disturbances of Carbohydrate 
Afetabolism 

Normal Metabolism of Mammalian Heart. 
It has long been susjiected tliat glycogen dis- 
ease is basically a defect in carbohydrate 
metabolism, and considerable evidence has 
now been obtained to substantiate this view. 
Ordinarily the heart functions almost entirely 
on aerobic metabolism, utilizing carbohydrate 
(glucose, p>Tuvatc and lactate), fatty acids 
and amino acids for its cnergj' requirements 
(Bing, 1934). All these substances arc 
brought to the heart by the coronary blood 
and are metabolized through tlie various slops 
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of the Krebs cycle, with liberation of large 
quantities of energy needed for cardiac con- 
traction (Jennings and Wartman, 1957). All 
mammalian hearts also maintain an intra- 
cellular supply of glycogen, which can be 
metabolized anaerobically, as a reserve source 
of energy. Tlie amount, however, varies in 
different species (Merrick and Meyer, 1954). 
In general, animals such as mice, \\'hich have 
rapid heart beats and are dependent on aero- 
bic metabolism, have small quantities of intra- 
cellular glycogen in reser\’e, whereas animals 
with relatively slow heart rates usually have 
larger stores of glycogen. In human beings 
the exact extent to which glycogen partici- 
pates in normal metabolism is unknown, but 
under abnormal conditions, such as anoxia, 
glycogen is obviously a source of energ>’ 
(Yokoyama ct ah, 1955). 

Chemical studies have shown tliat myocardial 
glycogen exists in two forms, one extractable with 
cold trichloracetic acid (TCA) and the other a 
residual glycogen released from tissue only after 
digestion with hot potassium h><lroxide. Experi- 
mental evidence strongly suggests Uiat tliese two 
forms react differently to changing conditions. 
For example, Memck and Me>er (1934) have 
shown that in anoxia TCA-reducible gl>-cogcn is 
decreased to an even greater degree than the 
total amount of cardiac gljcogen. Tiie residual 
glycogen is bebeved to be bound to protein and 
to be more readil> available to metabolic mecha- 
nisms leading to glycol>’sis. 

It has also been shonm that the carbohydrate 
metabobsm of an individual is profoundly affected 
by his (1) enz)Tmatic constituUon, (2) hormonal 
balance, and (3) electrolyte pattern m the intra- 
cellular and extracellular fluid. Disturbances in 
an) of these three factors may cause disease; for 
example, there may be deficiency of an enzyme, 
as in glycogen-storage disease; deficiency of a 
hormone, as m diabetes or h)'pogIycemla; or dis- 
turbance in relationslup of electrolytes, as in aci- 
dosis (Najjar, 1952). The synthesis and break- 
down of glycogen depends on certain spedfic 
602)703110 systems that are arranged more or less 
in an assembly hne. When a key enzyme is ab- 
sent, such as glucose 6-phosphatase which fur- 
nishes glucose to the blood stream, the patient 
becomes hypoglycemic and glycogen accumulates 
as in classical glycogen-storage disease. Or gly- 
cogen may fail to break down because it is ab- 


normal, as in some cases of glycogen disease of 
the heart. 

Tlic amount of liistocheinically demonstrable 
glycogen in the hc.irts of nonmal infants has been 
found to vary widely, often appro-nching or at 
times exceeding the amounts found in glycogcn- 
sforage disease of the heart. This, of course, com- 
plicates the diagnosis oF this (lise.ive and the mere 
dcmoiistraliun of abundant glycogen in the myo- 
cardium of an eiilargerl heart is not sufiicient evi- 
dence for making .such a diagnosis. In most 
norma! adult persons only .slight to moderate 
amounts of glycogen can he detected v\itli Best’s 
carmine stain, the Bauer reaction or the periorlic 
acid-Schiff techniijuc applied to tissues digcsterl 
with diastase (Mowry and Bangle. 1931). Occa- 
sionally, however, large amounts arc ohsened. 

General Fealiircs of Glycogen-Storage Dis- 
eases. Our concept of glycogen-storagc dis- 
eases has been much altered by the work of 
Andersen (1952) and Cori (1932) which indi- 
cates that there is more than one form of the 
disease. 

1. Classical von Gierke's disease of liver, 
associated with liypoglyccmia, acidosis, and 
cnhugemenl of the liver. Tlic metabolic de- 
fect lies In failure of the liver to form glucose 
from glycogen, owing to absence or reduc- 
tion of the enzyme glucose-6-phosphatasp 
which is responsible for furnishing glucose to 
the blood stream from the pliosphorylafed 
sugar, glncose-6-phosphate. When this en- 
zyme is absent, glycogen cannot be converted 
to blood glucose. However, the synthesis of 
glycogen from sugar continues, witli result- 
ing accumulation of glycogen, "riie reduction 
in this enzyme also explains wliy liver gly- 
cogen does not disappear postmortem. The 
glycogen shows no abnormalities and is also 
deposited in liver and kidneys. 

2 Glycogen disease of liver with cirrhosis 
aod death from hepatic faUure. Here a meta- 
bolic defect results in formation of glv’cogen 
of abnormal molecular structure; the glycogen 
accumulates in the liver, spleen and reticulo- 
endotlielial system which react to it by ex- 
cessive production of fibrous tissue. 

3. Galactosemia resulting from inability of 
the body to utilize the galactose derived from 
milk lactose. 

4. Glycogeti disease of heart. 
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Glycogen Disease of Heart. Glycogen is 
deposited mainly in cardiac and skeletal 
muscle, witli increased amounts being pres- 
ent in most parenchjTnal cells. The nature of 
the metabolic defect in this form of gl 5 Wgen 
storage disease is not lcno%vn but the defect 
cannot be caused by a lack of glucose-6-phos- 
phatase since muscle does not normally con- 
tain this enzyme. However, it is possible that 
a specific enzymatic lesion will be found, pos- 
sibly a deficiency of amylo-1, 6-glucosidase 
(Illingworth ct ah, 1956). 

All forms of glycogen-storage disease are 
familial and probably inherited as recessive 
genetic traits. In severe involvement, the 
heart is distorted and round in shape, so that 
both ventricles contribute to the formation of 
the apex. The heart may be enormously en- 
larged. The thickness of the myocardium of 
the left ventricle may measure 29 mm. and 
that of the right ventricle, 9 mm. Cases have 
been reported in which the heart weighed as 
much as 260 grams in children less than 4 
years of age. The muscle has a rather glassy 
homogeneous appearance but is not usually 
as gray as in amyloid disease. The columnae 
carneae are considerably flattened because 
of the hypertrophy and dilatation. The valves 
and coronary arteries are not involved. 

Microscopically the appearance is quite 
characteristic. The myocardial fibers are large, 
measuring as much as 50 micra in diameter, 
and there is extensive vacuolization of the 
sarcoplasm, the vacuoles giving a positive 
reaction with Best’s carmine stain, and with 
the iodine stain for glycogen. Both stains are 
apparently reliable and give similar results, as 
does the periodic acid-Schiff reaction. The 
heart fibers may be changed almost beyond 
recognition and, wlien cut tangentially, may 
appear as hollow cylinders surrounded by a 
delicate, striated, protoplasmic wall. The nu- 
clei are compressed and displaced to the 
peripheiy'. Often the most marked deposits 
of glycogen are just beneath the endoca^ium 
(HajTOond and Giordano, 1946). 

Several cases have been reported in wijicb 
a slight degree of aortic stenosis was asso- 
ciated with the glycogen infiltration of the 
heart. 


Age incidence. Nearly all the cases which 
have been reported concern children between 
the ages of 4 months and 1 year, and usually 
death has been sudden. In a few cases the 
children lived to the age of 4 years. 

Chemical anali/sts of organs. Chemical analysis 
of the tissues from cases of glycogen disease of 
the heart are reported by van Creveld (1939). 
He gives the percentages of glycogen in the 
various organs as follows: heart, 7.97, liver^ 9.13, 
spleen, 1.46, adrenal, 1.25; skeletal muscle, 9.39, 
lung, 0.03; spinal bone marrow, 0.583; while the 
concentration in the blood after death was 18 
mg. per 100 ml. The percentages in a control 
case with marked h}pertrophy of both ventricles 
caused by a patent interventricular septurn were 
as follows; left ventricle, 0.055, right ventricle, 
0.07; liver, 0.103; kidneys, 0.062, spleen, 0.01, 
muscle, O.OII; the concentration in the blood 
during life >;’as 12.75 mg. per 100 ml. The gly- 
cogen is usually deposited in the following loca- 
tions: the fibers of the heart muscle, liver cord 
cells, especially at the periphery of the lobules, 
the primitive bundles of the skeletal muscles; the 
convoluted htbules of the second order and col- 
lecting ducts of the kidney; the splenic pulp, 
especially at the borders of the follicles; the zona 
reticularis of the cortex of the adrenal gland; 
spinal bone marrow; cell bodies of ganglion cells; 
hair follicles of the skin; avails of blood vessels; 
and the connective tissue cells in most org.ans. 

A peculiarity of this disease is that the 
glycogen apparently does not break doum, 
and hence is found in the organs for a long 
time after autopsy and even after the organs 
have been fixed in aqueous solutions. This 
is in marked contrast to the behavior of gly- 
cogen in most other diseases and in normal 
organs from which it disappears promptly 
after death unless special measures arc taken 
to preserve it. In glycogen disease the gly- 
cogen is usually well preserved for as long as 
several months and can be easily stained with 
routine glycogen stains after this length of 
time, even though the fixing fluid has been 
repeatedly changed. Finkelstein (1936) was 
able to demonstrate tlie presence of glycogen 
ia the heart 23 j’cars after it placed in 
fixative. Tlio glycogen may also be preserved 
by refrigerating fresh organs. 

Circumscribed Glycogen Disease. Borides 
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Figure VII-8. Nodular gl)Cogcnic infiltration of myocardium. Note large c-iraimicribed white 
nodule. (WCGH, 4G P 50.) (From Ha)Tnond and Giordano, /, C/in Pat/i., J6;6.51, 1946. 
Courtesy of authors and The Williams & Wilbns Co. } 


the diffuse form which has been described 
above, the glycogen may bo deposited locally. 
This form is sometimes called circumscribed 
glycogen disease of the heart or cardiomegaUa 
glycogenica circumscripta ( Finkelstein, 
1936). In these cases there is usually, in ad- 
dition to the glycogen infiltration, an increase 
of connective tissue with necrosis and fatty 
degeneration of the myocardial fibers. The 
glycogen is usually distributed subendocar- 
dially but not exclusively so. 

Congenital Nodular Glycogenic Infiltration 
of the Myocardium was fonnerly called 
rhabdomyoma. 

An example of this lesion is given in the excel- 
lent and detailed description by Farber (1931) 
who reported its occurrence m a G-month-old fe- 
male infant m association with tuberous sclerosis 
of the brain. The heart was enlarged, weighing 
90 grams. A number of masses \sere found bulg- 
ing into the right atnum and right xentricle which 
varied in size up to about 1 cm. in diameter. One 
mass obstructed the orifice of tlie tricuspid x'alve. 
A number of small nodular excrescences xvere also 
present between the papillary muscles near the 
ape.x of the right ventricle. The left atrium was 


not invoh'ed but a few small nodules, each ap- 
pro-ximately 1 mm. in tUameter, w ere scattered In 
the myocardium of the left ventricle. On section 
the nodules were yellow or gray-yellow' and mod- 
erately firm, and the cut surfaces smooth and 
slightly bulging. 

Location of nodules. Tlie nodules may be 
present in both atria (Olsen and Cooper, 
1941) or in the ventricles (Figure VII-S) and 
atria (Mitani, 1934) or in the ventricles alone 
(Sleinbiss, 1923). They may be found close 
to the bundle of His. 

Microscopic features. Tlie following micro- 
scopic description is taken from Farber 
(1931). Examination of tissue fixed with Zen- 
ker’s solution disclosed large vaaiolated 
spaces of round or oval shape and irregular 
size, giving the sections a loose, spongy' ap- 
pearance (Figures ^^I-9 and VII-10). Nu- 
merous heavy’ connective tissue trabeculae, 
containing blood vessels, coursed through the 
lesion, giving off finer and more delicate 
branches which ramified among the large vacu- 
olated spaces. Thick protoplasmic walls sur- 
rounded the spaces, and between tliem in 



DEGENERATIVE LESIONS 


513 


places was a thin, delicate connective tissue 
reticulum. Some of the spaces were empty, 
while within other spaces were cells with many 
processes. The cells varied greatly in size and 
shape, depending in part on tlie size of the 
spaces in which the cells were located. The 
processes ran from the central protoplasmic 
mass in bizarre and irregular fashion. Some- 
times they anastomosed richly and divided 
into finer elements until they merged with 
the wall. Often the processes were short, 
plump, and few in number, in places failing 
to merge with the wall. On close examina- 
tion, these processes were transversely stri- 
ated by rows of delicate granules. With suit- 
able stains, these granules stood out clearly 
and the processes as well as the wall of the 
spaces showed numerous definite cross-stri- 
ations. 

The cells generally had but 1 nucleus, occa- 
sionally 2, and rarely 3 or 4 nuclei. Some- 
times clear spaces surrounded the nuclei and, 
in such cases, the processes were generally 


short and plump. Each nucleus usually con- 
tained a single nucleolus. Occasional evi- 
dence of direct divison was noted and no 
mitotic figures were seen. Sections stained 
with Bests method showed large amounts of 
glycogen in the form of fine droplets filling 
the spaces and gathered thickly along the cell 
processes. The vacuolated spaces and the cells 
\vithin them are apparently most character- 
istic and their presence is emphasized in most 
reports. These cells are often called ‘‘spider 
cells” (Figure VII-11). The vacuolated spaces 
are filled with glycogen. The tissue between 
the spaces is sometimes composed of large 
polygonal branching cells having finely gran- 
ular and eosinophilic cytoplasm ( Labate, 
1939). Steinbiss (1923) stated that some of 
these lesions, after degeneration, may go on 
to scar formation. 

frequency. Farber (1931), in addition to his 
case, found reports of only 83 undoubted cases 
of the multiple type and 8 of the single type. 
Labate (1939) added 8 new cases which he 
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Figure VII-IO. No<U»!ar gt>cogeruc mfiltrabon Same ca^e Figure VlI-8. 
X400. 


collected from the literature and I which he had 
observ'ed. Olsen and Cooper (1941) recorded 
an instance %vith mulbple nodules m the heart. 
Batchelor and Maun (1945) collected reports of 
62 cases, 10 of which had appeared in the Ameri- 
can literature, and added another example. Kid- 
der (1950) found a total of 69 such tumors. In 
regard to the apparent rarity of these lesions, 
Stembiss stated that rhabdomyomas are often 
associated with tuberous sclerosis. These pabenis 
do not necessarily die in infancy but, because of 
concomitant mental disturbances, are later ad 
mitted to institutions for the care of the feeble- 
minded. He pointed out that autopsies in mental 
institutions are often not performed or may be 
limited to an exammabon of the brain, and stated 
that, if more complete autopsies u'ere performed, 
more rhabdomyomas uould be found. Steinbiss 
found 6 rhabdomyomas among 31 patients with 
tuberous sclerosis who died in mental institutions. 
Kirch (1927) also asserted that rhabdomyomas 
are not as rare as generally believed. 

Age and race. In the cases of rhabdomyoma of 
the heart reviewed by Farber, 12 of the patients 
\vere more than 3 ) ears old, the oldest being 35. 


Of the 63 cases review-ed by Batchelor and Maun 
(1945), 42 were less than 3 >ears old. 

Hueper (1933) was the first to report this 
lesion in the Negro. Pratt-Thomas in 1947 re- 
corded another such lesion in a premature Negro 
infant. 

Clmical features. Kirch (1927) noted th.at the 
lesion had never been diagnosed clinically. In a 
number of instances, symptoms referable to asso- 
ciated hiberous sclerosis of the brain could be 
elicited (Stembiss, 1923). Wegman and Egbert 
(1935) reported a patient in whom cardiac ar- 
rhy-thmia was detected clinically’. In the reports 
reviewed by Batchelor and Maim, cyanosis was 
listed as a frequent symptom, especially in new- 
born infants and in those who died unexpectedly. 
Monckeberg (1924) mentioned that in several 
patients evidence was noted of stenosis of the 
orifice of the pulmonic v’ah e, produced by tumor 
nodules within the conus pulmonalis. In practi- 
cally all of the reported instances, however, the 
findmg of nodular glycogenic infiltration was un- 
expected. 

Association with tuberous sclerosis and other 
Iesjon.r. .L^abate (1939) stated that in 57 per cent 
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of the 29 patients in the cases reviewed by him, 
tuberous sclerosis of the brain was also found. 
In Batchelor and Maun’s (1945) series, the in- 
cidence of tuberous sclerosis was 50 per cent. 
They asserted that the frequency of association 
of the two lesions is actually much higher. Vari- 
ous tumors of the ghoma group have also been 
found associated with tuberous sclerosis. Kidney 
tumors, angiomyosarcomas, angiolipomas, cy'sts, 
nests of embryonal tissues, various malformations, 
and adenomas, especially sebaceous adenomas, 
are also frequently encountered in patients with 
congenital rhabdomyomas of the heart. 

Occurrence in animals. Similar lesions in the 
heart have been observed m animals. Hieronymi 
and Kuhia (1921) described a number of smaller 
and larger nodules in the heart of a four-month- 
old pig. Also Joest (1923) and Clausen (1938) 
each found a solitary rhabdomyoma in the heart 
of a pig. Fires and Mucciolo (1939) reported 
such a tumor in a cow, and Hueper (1941) de- 
scribed multiple rhabdomyomatous nodules in the 
heart of a guinea pig. the heart weighing 245 
grams. 

Wolbach (1907), by the use of the phospho- 
timgstic acid and hematoxylin stain, offered con- 
clusive evidence that the spaces were located 
within the muscle fibers. Seiffert (1901), in a 
report before the German Pathologic Society, first 
suggested that the empty spaces within the mus- 
cle fibers might represent dissolved glycogen In 
the discussion of Seiffert’s commvnicalion. Mar- 
chand supported this opinion and AsVanazy, 
stated that he had actually found glycogen in a 
rhabdoniyonia which had come under lus obser- 
vation. Rehder (1914) clearly demonstrated the 
presence of glycogen in “tumor” cells, and in 
most of the lesions recorded later, glycogen was 
demonstrable. Bibbert (1915) emphasizerl a local 
disturbance somesvhere during the growth of the 
heart muscle. He thought that muscle elements 
in an early' stage of dei’elopment rvere thus 
separated from the rest of the myocardium and 
grew independently. He, therefore, classified 
rhabdomyomas as chonstomas. Rehder, however, 
regarded rh.ibdomyomas as simple malformations 
of muscle structures and grouped them among 
hamaratomas. Both autliars emphasiretl that be- 
cause of the multiplicity of the lesions, their ap- 
pearance, and their lath of tendency to gross, tliciy 
should not he classified as tumors. 

Slcinbiss (1923) thought that both rhabdo- 
myomas and tuberous sclerosis miglit be explained 
on the assumption of an "excess” in llie cardiac 
and brain Anlagen. Both Moncheberg (1924) 


and Kirch (1927), concluded that rhabdomyomas 
should not be regarded as true tumors. Hamillon- 
Faterson and Castleden (1942) classified this le- 
sion among benign congenital tumors arising from 
developing myocardial elements (congenital rhab- 
domyoma, dysontogenetic rhabdomyoma, hamar- 
toma). Hertzog (1949), who described diffuse 
rhabdomyomatosis of the heart in a 2-month-old 
infant, also interpreted this tumor as a hamar- 
toma. 

The modem concept of rhabdomyoma can be 
traced to von Gierke’s first publication of his 
“hepatonephromegalia glycogenica” m 1929. In 
it he also mentioned an instance in a child 
which was the result of glycogen infiltration. 
Putschar (1932), 3 years later, published the 
first detailed report of congenital glycogen in- 
filtration of the heart in a 4-month-old child. It 
is interesting that just 10 years earlier, Schmmche 
(1922) had recorded an instance of congenital 
hypertrophy of the heart, the result of “diffuse 
rhabdomyomns” with much glycogen obvious 
within the muscle fibers. Pompe (1933) referred 
to this case as being typical of von Gierke’s 
gly'cogen-storage disease. Pompe also ventured 
the opinion that a number of other instances re- 
ported as idiopathic hypertrophy of the heait 
probably are examples of von Gierke's disease. 
Curiously enough, as early ns 2864, Virchow 



nRureVIl-lI. S(>-call«l rli.ilxlomjoni.i. Note ‘'spitlcr 
cell.” I’ollaVs mixlification of trithronic st.iin X.^OO, 
onginal magnifiralioi), X3f)5. fTrojn IV.ill-niojjj.-js, 
Am. /. Pflf/i , £3.180-199, 1917. Courtesy of AMirrirtui 
Journal of Patholopj . ) 
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thought that perhaps idiopathic hypertrophy of 
the heart could be explamed by a diffuse rhab- 
domyoma of the heart. 

Humphreys and Kato (1934) suggested that, 
in view of Pompe’s obser\’ations it might be well 
to examine crib’cally the rare cardiac rhabdomyo- 
mas to see if they represent localized or diffuse 
glycogen disease (cardiomegalic glycogen-storage 
disease). Olsen and Cooper (1941) stated that, 
because of poor terminology, nodular gl)'cogen 
tumors have been confused with rhabdomyomas, 
which they classified as true neoplasms. For ibis 
reason they recommended use of the term, con- 
genital nodular glycogenic degeneration of the 
myocardium. This term conforms with the ob- 
jective findings of the disease without suggesting 
a neoplastic origin or implying an exact knowledge 
of the etiology. ^\'hile these authors classified all 
congenital “tumors” of this type as localized 
lesions of glycogen-storage disease, they did not 
deny that true rhabdomyomas exist in the heart, 
perhaps without the presence of much glycogen 
within the fibers. Batchelor and Maun (1945). 
apparently in partial agreement with Olsen and 
Cooper (1941), suggested the term "congenital 
nodular glycogenic tumors of the heart” for their 
case report. Leach (1947), in the summary of 
his report, spoke of rhabdomyoma or congenital 
nodular glycogenic tumor. Sussman and Stasney 
(1950) believed that congenital nodular tumors 
of the heart should not be classified as neoplasms, 
but as hamartomas or tumor-like malfonnalions 
consisting of misplaced striated muscle tissue. 
They reported the occurrence of a lesion in a 
patient who had an arrhythmia. Prichard (1951) 
regarded rhabdomyomas of the heart as hamar- 
tomatous nodules which may regress. He believed 
that they represent focal arrest in maturabon of 
the cardiac muscle. However, he did not believe 
that the existence of diffuse true rhabdomyomas 
has been proved, and stated that reported exam- 
ples are probably manifestations of locaLzed gly- 
cogen storage disease. 

HUtochemical property. Hueper (1941) point- 
ed out that the glycogen contained in the primi- 
tive muscle cells of rhabdomyomas is much more 
soluble in the ordinary fixatives than the glycogen 
stored in the various organ cells, such as liver 
and heart, in glycogen-storage disease. This dif- 
ference is brought out stnldngly by the fact that 
glycogen in nodular glycogenic infiltration has 
been demonstrated only rarely, the glycogen be- 
ing removed from these cells by fixation in aque- 
ous media before die proper staining procedures 
are applied; while the glycogen present in the 


tissues of von Gierke’s disease has been demon- 
strated by chemical and staining methods after 
having been in fixing fluids for weeks or months. 
In the latter instance, the glycogen is not only 
markedly resistant to postmortem hydrolysis but 
is also much less soluble in waterj’ agents than 
is ordinary glycogen. This histochemical property, 
in conjunction with the demonstration of “spider 
cells” and various myofibrillar evolutionary mani- 
festations in the primitive myocardial cells, may 
help in distinguishing between nodular glycogenic 
infiltration and myocardial tissue changes asso- 
ciated with von Gierke’s glycogen-storage dis- 
ease. 

Summary. The mvocardium may be the 
seat of either a localized or widespread le- 
sion which in the earlier literature was classi- 
fied as congenital rhabdomyoma. It was soon 
recognized that this lesion is not encapsu- 
lated, that it merges imperceptibly with the 
surrounding healthy myocardium, that mor- 
phologic evidence of malignancy is never en- 
countered, and that metastatic growths are 
not found. It seems to grow only at tlie same 
rate as the adjacent normal muscle structure. 
Because of its histologic features and because 
of associated lesions, especially tuberous scle- 
rosis of the brain, the cardiac nodules were 
early regarded as muscle malformations and 
were classified as hamartomas. Tlie rich gly- 
cogen content of the fibers of rhabdomyomas 
has often been emphasized, and when gly- 
cogen-storage disease became knowm, it was 
soon suggested that these congenital rhabdo- 
myomas were expressions of this disease and 
terms like “nodular glycogenic degeneration 
of the heart” and “glycogenic tumors of the 
heart” were coined. At present the etiology' 
of congenital rhabdomyomas is still unsettled 
but it is generally agreed that tliey are not 
true tumors. Are they hamartomas or do they’ 
represent localized manifestations of glyco- 
gen-storage disease (von Gierke’s disease)? 
The differences in the chemical behavior of 
the gly'cogen in von Gierke’s disease from that 
in the nodules, as Hueper has emphasized, 
are not sufficiently distinctive to he used as 
means of distinguishing the two lesions. 

Cardiac Glycogen in Other Diseases. Fre- 
quently in diabetes melUtus the my'ocardium 
contains large amounts of glycogen which, 
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however, is not clearly related to the severity, 
duration or control of the disease or to the 
nature of the treatment (Warren, 1930, 
Mowry and Bangle, 1951). An increase in 
myocardial glycogen has also been described 
in children dying from pneumonia and dysen- 
tery and in adults dying from the effects of 
hypertension or from pneumonia (Provotor- 
ova, 1951). 

In myocardial infarcts produced experimentally 
in dogs, glycogen depletion begins within one 
hour and is complete within a few hours. During 
the stage of healing, increased quantities of gly- 
cogen are observed in the surrounding myocardial 
fibers (Yokoyama et al., 1955). In rats anoxia, 
maintained for ISO minutes, causes a reduction 
in concentration of glycogen from 500 mg. to 
about 170 mg. per 100 grams of tissue. Accord- 
ing to Cordier and Dessaux (1952), the reduc- 
tion IS chiefly in the fraction soluble in cold tri- 
chloracetic acid (to 22 per cent of normal) and 
less (to 37 per cent of normal) in residual gly- 
cogen. A slight decrease was observed in shock, 
but none after thermal or histamine injury (Cor- 
dier and Dessaux, 1951). 

Disturbances of Cafcium Metabolism 

Calcification of the heart may be either 
dystrophic or metastatic, the former being 
much more common. 

Dystrophic Calcification may occur in any 
area of dead tissue that is not infected and 
that is so large or so situated that it cannot 
be absorbed. Hemorrhagic extravasates are 
particularly susceptible to calcification as are 
hyalinized scars. Calcification of hyalinescars 
may occur whether necrosis is present or ab- 
sent; it has been related to low production of 
carbon dioxide in a slowly metabolizing tis- 
sue, with consequent development of a local 
zone of relative alkalinity and reduced cal- 
cium solubility. Dystrophic calcification may 
also take place without change of the physio- 
logic levels of any of the chemical constitu- 
ents of the blood (Gore and Arons, 1949). 

Dystrophic calcification of the pericardium 
(Figure Vn-12) may occur in rlicumaticfcver 
and tuberculosis and cause constrictive peri- 
carditis. Calcium is deposited less frequently 
in pericarditis caused by other bacteria, 
among which may be mentioned pneumo- 


cocci, streptococci and staphylococci. It may 
also be found in hemopericardium. Occasion- 
ally fibrous pericardial plaques (“soldier 
spots”) may be calcified. 

The valves of the heart are, of course, fre- 
quently the site of dystrophic calcification. 
Invariably there is previous valvular disease 
which is almost always rheumatic in origin 
(Karsner and Koletsky, 1947). Calcification 
of vegetations occurs frequently. Calcium 
may also be deposited at the base of the 
valves, particularly in the ring of the mitral 
valve, where it forms an annular structure 
usually on the ventricular aspect of the valve. 
Tliese lesions are discussed elsewhere. 

Deposition of calcium in the myocardial fibers 
is often regarded as a late effect following necro- 
sis. Yokoyama and associates (1956), however, 
have observed deposition of calcium at the mar- 
gins of experimental infarcts as early as 1 hour 
after the onset of ischemis. It seems likely on the 
basis of the results of these and other experiments 
(Gallagher et al , 1956) that the primary lesion 
may have been a change in the semipermeable 
properties of the cell membrane with entry of 
calcium ions. Since calcium ions inhibit oxidative 
phosphorylation (Potter, 1947; Lehninger, 1940), 
entry of calcium into the cell would stop produc- 
tion of energy. 

Metastatic Calcification, in contrast, is as- 
sociated u’itli increased availability of eal- 



Fifpire vn-12. CaldRcalion of pcrU.anlmni follow- 
ing pericarditis of tinkiiowii cltolog>'. Patient was a 
54->ear-old wom.iti, an inmate of tlie p\>cliSatric 
hospital. (WCGII. 33 A 2S5.) 
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Figure VlI-13. CalciEcatioD of pencardium resulbog from eieessive inges- 
tion of Vi tami n D. Ca5e of Dr. \V. A. Sti>ker X 150. ( WCGH, -15 P 101 E.} 


cium and is usually accompanied by deposits 
of calcium in other organs, particuIarK the 
lungs, stomach, Iddnej’s, spleen and Iher. It 
is found in association with destnicthe bone 
lesions, hj'peiparatlijToidism, Inpiet^itamin- 
osis D, and renal insufficiency’. In metastatic 
calcification, the deposits have a character- 
istic distribution, being much more likely to 
accumulate in tissues which have a hyaline 
structure. For example, the hyaline structure 
of elastic tissue ser\’es to explain the imolve- 
ment of arterial and endocardial (right atrial) 
elastica in metastatic calcification. The se- 
lecth'e localization of metastatic deposits of 
caldum is to be explained not only by the 
increased arailability of calcium, but also by 
the structure and physiologic activity' of tlie 
in%'olved tissues. Dystrophic calcification, on 
the other hand, ow es its occurrence purely to 
local iJathologic changes and has no charac- 
teristic distribution (Wells, 1925; Mulligan, 
194T; Gore and Arons, 1949). 


Tile annulus fibrosus of the mitral valve is 
commonly calcified. In a series of 230 autop- 
sies on patients in the age group 60-99 years, 
CeiU (19^) found the lesion to be common 
in old age, more frequent in women than men, 
and not related to preceding endocarditis. 
The deposits of calcium varied from a few 
millimeters in diameter to complete involve- 
ment of the ring, but did not produce stenosis 
or insufficiency. The lesion sometimes gave 
rise to late diastolic murmurs, and calcium 
offshoots sometimes caused disturbances of 
conduction. 

Core and Arons (19-19) found that calcium 
deposits in the myocardium Avere laid dciAAO on 
necrotic muscle fibers. Ordinanlj’ tlie necrOlic 
material is absorbed before calcium is deposited. 
Thus, myocardial calcification is usuallj’ dys* 
trophic. HoweA’er, it may be metastatic, as for ex- 
ample in cases of Aitamin D intoxication (Figure 
ATI-13). .Also, it is to be noted that under cir- 
cumstances AAhich favor metastatic calcification. 
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there may be an augmented and accelerated tend- 
ency towards the development of dystrophic cah 
cification. The process in the heart muscle in 
these cases is therefore regarded as an example of 
accelerated dystrophic mineralization. Kenal fail- 
ure and azotemia are usually present. 

Gore and Arons believe that the laws of mass 
action and of ionic equilibrium of saturated solu- 
faons of poorly soluble salts explain, in the case 
of tricalcium phosphate, the ease with which pre- 
cipitation may be induced by increases of either 
calcium or phosphate. According to these au- 
thors, the pathogenesis of the basic myocardial 
lesion is varied, resuibng from ischemia, infection 
or unknown causes. They also point out the possi- 
ble influence of uremia in causing multiple tiny 
foci of myocardial necrosis which subsequently 
calcify Special staining reactions for iron and 
calcium showed the fallacy of making a diagnosis 
of calcification from a preparation stained with 
hematoxylin and eosm. In three of their 13 cases 
the deposit proved to be iron only. In six others 
the calcium was associated, but not always co- 
extensive, with iron. 

When the calcification of the myocardium is 
massive, it may be detected in roentgenograms 
during life (Cutler and Sosman, 1924; Bishop 
and Roesler, 1934). Occasionally it is possible 
to diagnose cardiac aneurysm because the scar 
of the infarct is calcified (Parkinson ct al., 1938). 
Calcified nodules situated in the bundle of His 


may cause complete heart block (Yater and Cor- 
nell, 1935). About 10 per cent of old infarcts 
show calcification. 

Calcification of coronary arteries is common 
and is discussed in Chapter VIII. 

Pathologic Ossification. Heteroplastic de- 
posits of bone have been described in the 
heart valves and in the myocardium of all 
chambers including the conduction system. 
Usually they are preceded by extensive cal- 
cification. 

Fmestone and Geschickter (1949) are of th’' 
opinion that if in addition to certain chemica’ 
criteria there is a diminished blood supply, cal 
cium will be deposited in the tissues. If at a 
later date the blood supply is sufficiently improved 
by increased vascularity, such as may result from 
an inflammatory response to the presence of the 
calcium, then ossification may occur. In support 
of this theory they point out that the osteoblast 
IS no longer regarded as a specific cell endowed 
with the power of producing bone, but that any 
connective tissue after preliminary dedifferentia- 
tion to primitive mesenchyme may be built up 
again in the form of any other connective tissue. 
Thus they believe that the only factors necessary 
for bone formation in mesenchymal tissue arc an 
excess of calcium and an adequate blood supply. 
The presence of marrow cells has been explained 
in a similar fashion. 


THE HEART IN NUTRITIONAL DISEASES 


Undernutrifion and Starvation 

Keys (1948) has summarized the cardio- 
vascular effects of undemutrition and starva- 
tion. Both acute and prolonged undernutri- 
tion produce a reduction in the size of the 
heart comparable to the loss of weiglit of the 
body as a whole. Though reduction in epi- 
cardial fat is conspicuous, the major portion 
of the loss of u'eight is the result of reduction 
of the muscle in all chambers. Microscop- 
ically, there is first a reduction in the size of 
the muscle fibers. Later there is evidence of 
degeneration: cloudy swelling, loss of slri- 
ation, vacuolization, and occasionally fatly 
degeneration. The heart may also show brown 
atropliy. 

Tlic principal functional effect of under- 


nutrition and starvation is reduction of car- 
diac output. Bradycardia may be pronounced, 
and there is reduction of systolic blood pres- 
sure, peripheral circulation, and venous 
pressure. VOiile the presence of low venous 
pressure would seem to indicate that the car- 
diac state is not an important factor in the 
appearance of edema in starvation, it may he 
that physical everlion increases the venous 
return beyond the capacity of the atroplu'c 
heart. If this is the case, then famine-edema 
may be essentially (he same as the edema of 
congestive heart failure from other causes, 
though the possible contribution of Iiypopro- 
tcincmia which accompanies undemutrition 
should not be overlooked. It has been noted 
that starved persons may first develop cardiac 
failure following resumption of feeding. 



520 


PATHOLOGY OF THE HEART 


Tlie atrophy described above may bo seen 
in the imdemufrition of persons ollierwise 
healthy who are deprived of adequate food 
or who restrict their intake, as in anorexia 
nervosa. It occurs also in the course of chronic 
debilitating diseases, such as cancer or tuber- 
culosis, and such endocrine disturbances as 
Addison’s disease and Simmonds’ disease. 
Chronic constrictive pericarditis may cause 
atrophy of the heart and mitral stenosis, 
atrophy of the left ventricle only. 

Among South African Bantus who live m cities, 
a form of heart disease occurs that is attnbute<l 
to a qualitatively inadequate diet with Uck of 
animal protein, imbalance of amino acids and dis- 
proportionately large intake of carbohj drates. All 
chambers of the heart arc dilated and mural 
thrombi arc sometimes present m the right alnum. 
Microscopic examination shows intracellular and 
interstitial edema and interstitial Hbrosis. Most 
patients also have cirrhosis of llie liver cither with 
or without generalized deposits of hemosiderin. 
Clinically heart failure is evident (Higginson 
ct al., 1952). Vitamin Di has no beneficial cfTccl, 
but a good and varied diet may lead to improve- 
ment (Bnnkman, 1052). 

Nutritional Dcpcicnctj Dheates 

Tlie human heart is affected in thiamine 
( vitamin Bj) deficiency and potassium de- 
ficienc)' (Follis, 1948) and possibly in scurvy. 
In animals, the evidence indicates that the 
heart may be affected when the diet is de- 
ficient in any of the following: vitamins B,, 
C and E, potassium and copper. 

“Beriberi Heart.” Deficiency of Thiamine 
or Vitamin B,. More often tlian in any other 
vitamin deficiency, myocardial changes are 
found in vitamin B (thiamine) deficiency. 
Mebius (1929) believed that hydropic de- 
generation of the heart muscle fibers is the 
primary change in beriberi. The right v’en- 
tricle (pulmonary conus) is particularly in- 
volved. There is also some edema present, 
with only a few leukocytes in perivascular 
locations. Keefer (1930) noted dilatation of 
the right ventricle of the heart with fatty in- 
filtration and moderate degeneration of die 
muscle fibers. Wenckebach (1934) also em- 
phasized dilatation of the right ventricle, par- 
ticularly in the region of the pulmonary conus. 


Tlie riglit atrium was likewise greatly dilated, 
and tlicre was interstitial etlcma of the myo- 
cardium. He also remarked on sareolysis of 
the muscle fibers. This is descrihetl as giving 
the appearance of swelling and liquefaction 
to die entire rmiselc fiber. Despite (lie swell- 
ing of the sarcoplasm, the striation may still 
he present. 'Tlie interstitial edema is identical 
with that described by Eppingcr and associ- 
ates (1935) as "serous inflammation.” The 
absence of any vestige of infl.ninm.ition is also 
cmplLnsizctl, in spite of tlie observation of 
Rosslc (1934) who atlrihiitctl sclerosis of the 
myocardium to serous myocarditis in a case 
of scurvy. 

Grossly the heart is described as being glo- 
bose with marked dilatation affecting pre- 
dominantly the right ventricle, the wall of 
which may measure as much as 7 mm. in 
thickness. In adults, the heart frequently 
weighs 500 or 600 grams. The average vveiglit 
reported by Dock (1910) was 029 grams. 
Edema, hydropic degeneration and slight 
scarring occur particularly in the subendo- 
cardial muscle fibers and the conduction 
bundle, and there may be m.arked edema of 
die interstitial connective tissues. Despite the 
edema and hydropic degeneration of the 
heart, the waler content is said to bo the same 
as that of normal hearts (Weiss and Wilkins, 
1937). Fatty degeneration also has been re- 
ported and. according to Dock (1940), mural 
thrombi arc constantly attached to the tra- 
bcailac carncae of the ventricles. Tlie cases 
of occidental beriberi which \t'ciss (1940) 
studied showed simple dilatation in some in- 
stances and hjpertrophy in others. Tlie rea- 
son for the dilatation or hypertrophy Is un- 
known, as there is no hypertension in beriberi. 

Weiss and Wilkins (1937) remarked that of 
the vitamin deficiencies, lack of vitamin D. is the 
most important cause of cardi.ic disturbances. 
The>’ stated that the m}ocardiaI disturbances re- 
ported in rickets and scurvy may be caused by a 
simultaneous deficiency of vitamin B. The myo- 
cardium shows bjdropic degeneration of the mus- 
cle fibers involving also those in the conduction 
s>'5tem and there is an increase in the intercellular 
substance but no alteration in water content. 
Intercellular edema is to be noted. The same 
authors also found that in nine of 30 patients the 
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heart showed an increase in weight and consider- 
able dilatation of cardiac chambers, particularly 
of the right ventricle. Histologically, they found 
hydropic degeneration of myocardial fibers, swell- 
ing of collagen, perivascular edema and separation 
of myocardial bundles. It was also emphasized 
that the histologic changes were not regtihtr, 
specific or even characteristic of benberi. 

The microscopic lesions in the myocardium 
have been summarized by FoUis (1942). 
These lesions have been described in rats, 
dogs, foxes and swine. Swank and Bessey 
(1942) observed myocardial changes also in 
pigeons. Most changes may be found in the 
hearts of swine. There is vacuolization and 
hyalinization of the muscle fibers followed by 
necrosis. Later polymorphonuclear leukocytes 
and mononuclear cells are found. Both the 
atrial myocardium and the ventricular myo- 
cardium are involved, and eventually scar 
tissue is formed. 

Ashburn and Lowry (1944) remarked that 
both atria were involved in the majority of their 
animals with thiamme deficiency. Follis and 
associates (1942) obsen-ed that the heart muscle 
changes are quite similar to those observed in 
animals deficient in potassium. Blankenhorn and 
associates (1946) found degenerative changes in 
the muscle fibers, and interstitial edema in their 
3 autopsied cases of occidental beriberi heart 
disease. Alleman and StoIIerman (1948) also re- 
ported myocarditis in an instance of beriberi heart 
disease. Microscopic sections showed extensive 
cloudy swelling, loss of striations, fragmentation 
and fatty degeneration of the muscle fibers, and 
necrosis. There was also marked interstitial edema 
with small lymphocytic and leukocytic infiltra- 
tions. While the pathologist's impression 'vas 
"subacute myocarditis of unknown origin," Alle- 
man and StoIIerman believe these changes to be 
consistent with the irreversible damage of chronic 
benberi heart. Folks and associates (1942), how- 
ever, found that myocardial necrosis in rats on 
a low-potassium diet may be prevented by 
thiamine deficienc)’. In tliis connection they 
also stated that no anatomic lesions have been 
observed in tlie striated muscles of thiamine- 
deficient animals; however, foci of necrosis have 
been produced in rats in which there is a con- 
current potassium and thiamine deficiency. 

Rinehart and associates (1917) stated that 
major interest in thiamine deficiency has revolved 


about its effect on the heart, and that accumulated 
clinical and experimental evidence leaves little 
doubt that such deficiency results in a functional 
and structural defect. They found the right side 
of the heart to be dilated, at times appearing as 
if the muscle was stretched. Histologic examina- 
bon revealed small foci of myocardial necrosis, 
as previously found in expenmental thiamine de- 
ficiency in pigeons, rats and pigs. Another lesion 
w'as a well defined hydropic degeneration of 
myocardial fibers with hyperplastic nuclear 
changes, involving particularly subendocardial 
fibers, presumably of the conduction system. This 
lesion resembles that described by W'enckebaeh 
(1934) in human beriberi. 

Microscopic necrosis has been reported in 
experimental thiamine deficiency in the fol- 
lowing animals: swine, pigeons, dogs, rats 
(predominantly in the atria) and rhesus mon- 
keys (Follis, 1948; Rinehart and Greenberg, 
1949). The individual muscle fibers lose their 
striations and become hyaline and necrotic. 
Depending upon bow long the animals sur- 
vive, there is lymphocytic infiltration and fi- 
brosis, the scar tissue replacing destroyed 
muscle fibers. In most animal species, tlteso 
changes seem to affect the ventricles first, 
but terminally all chambers may be severely 
involved. 

Scurvy. Deficiency of Vitamin C (Ascorbic 
Acid). It is knowm that children who have 
severe scurvy may die suddenly. Available 
but incomplete evidence indicates that this 
sudden death may be due to hj'pertrophy of 
the heart, especially of tlie right ventricle. 
The cause of the hypertrophy is unknown. In 
1918 Erdheim observed that hy'pertrophy of 
the right ventricle was present in about two- 
fbirds of cliildren dying of scurv’)' and that 
when the disease was severe both ventricles 
might be enlarged. No histologic studies were 
made in this respect. Wolbach (1937) staled 
that degeneration of the cardiac muscle might 
occur. Follis (1942) described the cardiac 
findings in 3 infants who died suddenly of 
severe scurvy. At autopsy 2 of them showed 
hy’pertrophy of tlie riglit atrhim, but careful 
histologic study revealed nothing of note. 

Experimentally various lesions base been attrib- 
uted to deficiency of \il.iinin C. Fatty changes 
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in the rnyocardiiim of pigs have been described 
by liessey and associates {1934). Degenerative 
changes in the m)()cardium h.a\c hren reported 
by Wolbach (1937), as well as along the line of 
closure of the cardiac valves in guinea pigs (Me* 
Broom et a\., 1937). Nonspecific valvulitis, m>’o- 
carditis and pericarditis have been ohserxed in 
guinea pigs by Taylor (1937). Rinehart and 
Mettier (19.34) studied the combinetl effect of 
scurvy and beta streptococcus infection in guinea 
pigs and observed lesions in the heart valves and 
myocardium which resembled Aschoff nodules. 

Deficiency of Vitamin E. Rats having de- 
ficiency of vitamin E for long periods show 
e\tensive scarring of the myocitrdium (Mason 
and Emmel, 1945). The initial lesion is ex- 
cessive deposition of ceroid in the mvocardial 
fibers. Tin's is followed by necrosis. Connec- 
tive tissue is increased and mimeroos macro- 
phages filled with ceroid pigment arc em- 
bedded in the collagen of this connccIRe 
tissue. 

Bragdon and Levine ( 1949) described actu.nl 
foci of acute m>ocarditis in 15 uf 17 rabbits that 
developed severe muscular d>slrophy on vitamin 
E-deficient diets. In some instances, (hoy also 
encountered foci of acute necrosis. 

Deficiency of Potassium. The effects of 
liypokalemia on the heart were first observed 
in 1937 in rats and ha\-e since been observed 
in other experimental animals— mice, cats and 
pigs but not dogs, and in man (FoJIis, 1948. 
Maepherson, 1956). In all species the cliangcs 
are essentially the same: degeneration and 
death of muscle fibers; phagocytosis of the 
necrotic material-, and collapse, but not de- 
struction, of the supporting connective tissue 
and reticulum framework of the heart. The 
lesions are seen throughout the myocardium, 
including the atria, but are most severe in 
the subendocardial portions of the ventricles 
and especially in the papillary muscles and 


Irabemilac. Large lesions arc uncommon in 
the depths of the muscle. The endothelial cells 
overlying the lesions become ciiboid.-il and 
crowded but the endocardium is aUvavs in- 
tact and thrombi do not form. In experimen- 
tal animals the earliest lesions appear at the 
end of the first week of potassium depletion 
and cxinsfst of swelling and loss of strlation 
of individual myocardial fibers. Cytoplasmic 
V'acuoles that contain neither fat nor glycogen 
may appear and the nuclei undergo pyknosis 
and karyolv'sis. Macrophages rapidly appear 
and a little later fibrnlilasts, but it is said tliat 
these do not develop into fibrocyles or form 
collagen. Tlie .stroma cxrllapscs but is not de- 
stroyed, even in the late stages. A striking 
feature is the appearance of ghcxjgen in the 
damaged muscle fillers (French, 1952). Fat 
docs not accumulate. As tlie hypokalemia 
progresses, the function of the heart muscle 
is Impaired as shown by changes in the elec- 
trocardiogram (low voltage, disappearance of 
T waves and spreading of the QRS complex) 
and intmcclliilar deposits of glycogen. In rats, 
administration of .sodium aggravates the le- 
sions while restriction of sodium retards the 
myocardial damage. 

McAllen (1935) reportctl hj'polalemi.'i in 2 p.!- 
tients in whom the characteristic lesions just 
described were found at autopsy. One p.ilient 
had idiopathic steatorrhea and the other, chronic 
ulcerative colitis. Both had vvcil-rlocuinenletl 
severe and prolonged deficiency of potassium; in 
one patient the potassium cuiifcnt of the heart 
after death was greall>’ reduced. Other examples 
in persons have been reported (Rodriguez ct al., 
1930, Keje, 1932). 

In adult cattle suffering from copper deficiency, 
the heart may be the seat of extreme fibrosis 
which is attnbuted to atrophy of the muscle 
fibers owing to longstanding anoxemia (Bcniietfs 
et fll, 1942). This is knowm as "falling disease" 
of cattle. 


PIGMENTATIONS OF THE HEART 

usually of microscopic size, may occur in 
Endogenous Pigmentations necrosis, such as infarcts and ab- 

The heart may be pigmented in any disease scesses, or following trauma, 
in which the body is diffusely pigmented. Hemochromatosis. The heart is involved in 

Hemosiderin. Deposits of hemosiderin, hemocliromatosis in appro.ximatcly 90 per 
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cent of cases (Sheldon, 1935). The extent is 
variable and usually there are no gross alter- 
ations of the organ except for the brown dis- 
coloration. Sometimes the heart is small and 
the muscle soft. No gross changes have been 
recorded in the valves of the heart or the 
coronary arteries. 

Hemosiderin is found constantly in the 
muscle fibers in nearly all cases. The pigment 
is usually spread evenly througli the organ. 
The pigmentation may be so great that the 
muscle fiber appears as a sac completely filled 
with pigment. Fine granules are first de- 
posited at both poles of the nucleus; from 
these the pigment spreads longitudinally 
through the muscle fiber. On cross section 
the granules are most numerous in the center 
of the fiber and least numerous at the pe- 
riphery. (See Figure VII-14.) Degenerative 
changes, such as slight cloudy swelling and 
fatty degeneration may occur. Occasionally, 
fibrous connective tissue is increased. 

Keschner (1951) found the amount of iron 
in the myocardium of the left and right ventricles 


inclosed 2 to 19 times normal (33.5-38.3 mg. 
per 100 grams of dry tissue) in 11 patients with 
hemochromatosis, including 2 with exogenous 
hemochromatosis or transfusional siderosis, in one 
of whom the highest value was found. Various de- 
generative changes of cardiac muscle were associ- 
ated with the high concentration of iron — dispro- 
portion of sarcoplasm to myofibrils, fragmentation 
and separation, pigmentation of fibers, hyper- 
trophy of fibers, nuclear displacement, pyknosis 
and karyorrhexis, cloudy swelling, vacuolar and 
hydropic degeneration. Fibrosis of varying de- 
gree was present m 9 of 11 hearts but did not 
correlate with the amount of pigmentation. When 
stained by Gomori’s method, the iron pigment ap- 
peared as dustlike blue particles or coarse gran- 
ules. Hemosiderin appeared to be laid down m a 
bipolar spindle formation around nuclei and to 
spread longitudinally through the myocardial 
fibers. The connective tissues contained scant 
hemosiderin. 

The cytologic sequences have been studied by 
Theret (1955) who described the first change as 
deposits of ferruginous pigment on the dark Q 
disks of the myofiber. The fiber increases in size 
and eventually ruptures. The connective tissue 
contains round cells and histiocytes and shows 







524 


PATHOLOGY OF THE HEART 


edema and fibrosis. Tlieret felt that the profound 
alteration of the fibrillar macromolecules is caused 
by hormonal disturbances and results in heart 
failure. 

According to Kcschner (1951), the cliatiges in 
the heart arc the same in hemochromatosis and 
transfusional hemosiderosis, however, Kleckner 
and associates (1954) observed chanpes in the 
myocardium of only one of 16 patients with trans- 
fusional hemosiderosis. In hemoehromatosis they 
found myocardial involseinenl in 13 of 18 
cases. 

Hemofuscin also is found chiefly in the 
myocardial fibers where, lihe hemosiderin, it 
accumulates adjacent to tlic poles of the nu- 
cleus. Tins pigment is also found, both free 
and within phagocs’tes, in the vessel walls 
and the connective tissue of the interstitial 
tissues. It is not found in the endocardium, 
save for a small amount in an occasional phag- 
ocyte. 

Bile Pigment. Bile pigment may be found 
in the myocardial fillers in patients suf- 
fering from jaundice. Tlic pigmentation may 
lead to the development of cloudy swelling 
and fatty degeneration. It produces diffuse 
pigmentation of the sarcoplasm and is 1)cst 
demonstrated in unstained froren sections. 

Lipochrome Pigment. Small amounts of 
lipochrome pigment may he deposilwl at the 
nuclear poles of the myocardial fibers in the 


fenn of yellow’ or scllow-brown granules. 
It is thought to be exogenous and to bo intro- 
duced with fowls (Connor, 1928). It may 
occur in association sWlh brown atrophy of 
the heart. 

Missmahl (1050), utiliring pol.irizalion micros- 
copy. detected the presence of lipids directed at 
right angles to the longitudinal axis of the myo- 
cardial fiber. He liclievctl tlicm to be lipofuscin 
and similar to the substance isoLnted by chemical 
means by Hciilenreicli and Sicbert (1035). Tb{*se 
workers, using isointcil homogenates of cardiac 
muscle, characterised lipofuscin as having a con- 
centmlion of the dricsl snlistance of 20 per cent 
fat. 11.8 per cent nitrogen, and 0,421 per cent 
pliosphonis. Studies of ultraviolet absorption 
revealcxl benzol rings, and paper chromatography 
reve.i!ed nmtno acids tv’pical for protein. The pig- 
ment contains 0.0312 per cent iron, shows mini- 
mal esterase activity and contains one-icntli as 
much cathepsin as the pancreas. Histologically 
the pigment Is in the fonn of round granules that 
stain with Sud.in HI and 5ch.irlach R hut are not 
acid-fast. 

Eiogcnons rigmenlo/ion 

Tlie heart may he pigmented in sliver poi- 
soning. and occasionally deposits of nnthra- 
cotic or silicotic pigment arc found in the 
pericardium and Interstitial tissues of the 
lieart in cases of severe anthracosis and sili- 
cosis. 


THE HEART IN ENDOCRINE DISEASES 


Acromegaly 

Usually patients w’ith acromegaly die of 
cardiac failure and at autopsy the heart is 
frequently large. It is thought that hj'per- 
trophy results (a) as part of the general 
splanchnomegal)’ and (b) from the increased 
work required to supply blood to tlie enlarged 
body (Courville and Mason, 1938). Tlie en- 
largement is greatest in the long axis. Histo- 
logically hypertrophy of muscle fibers and dif- 
fuse interstitial fibrosis may be so marked as 
to cause visible scarring (Cushing and David- 
off. 1927). 

From a study of 21 patients, with 4 autopsies, 
Hejtraancik and associates (1931) concluded diat 
the frequency of cardiac failure resulted from a 


combination of malfunction of ibe enlarged fibers, 
hindrance to contraction and to Iraiismi-xsion of 
impulse caused by extensive fibrosis, and im- 
paired metabolism when dunbetes or tbvTOtoxi- 
cosis was also present. The incidence of b>'per- 
tension was not increased in their patients; but 
when hypertension was present, it was poorly 
tolerated. 

Hyperthyroidism 

There is a rather extensive literature on 
m>'OcardiaI changes in h>’perth>Toidism, and 
many studies have been undertaken to deter- 
mine if feeding with desiccated thxToid or 
thxToxin will produce changes in the heart 
muscle. 

Some of these references may be found in 
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Saphir’s (1942) review. Goodpasture (1921) re- 
ported the cardiac findings in 2 patients who 
evidently died of myocardial exhaustion. Micro- 
scopically, edema and focal necrosis were en- 
countered. Willius and co-workers (1923) stated 
that histologically the myocardium of 18 patients 
showed swollen fibers with indistinct strialions as 
well as marked fatty changes. Myocarditis w’as 
not mentioned. Lewis (1931), from a study of 
12 necropsies of patients with hyperthyroidism, 
concluded that the changes in the heart were 
characterized by hypertrophy, dilatation and mod- 
erate fibrosis of the myocardium, that the cardiac 
damage may be fairly severe and that the cardiac 
disorder could not be relieved by treatment. 
There may also be toxic necrosis in the myocar- 
dium caused by toxic thyroid secretion. He sug- 
gested that the increased work demanded from 
the heart results first m dilatation, then m h)'per- 
trophy, and renders the heart more susceptible 
to secondary noxious influences. There was no 
interstitial connective tissue increase and no cellu- 
lar infiltration. McEachem and Rake (1931) 
studied the findings in all cases of hyperthyroid- 
ism coining to autopsy at the Johns Hopkins Hos- 
pital since 1899. There were 27 cases. In 14 
instances the hearts were grossly normal. In 8 
instances they found moderate perivascular or 
intermuscular fibrosis or small foci of round cell 
infiltration. Cardiac hypertrophy was noted in 
16 of 27 hearts. No relationship could be es- 
tablished between the incidence of atrial fibrilla- 
tion or the duration of h}'perth}Toidisin and the 
ultimate cardiac lesions. 

Bake and McEachem (1931) studied the 
pathologic changes m the heart and other tissues 
of animals with hypertrophy induced by thy- 
roxin. The Cardiac changes in the animals with 
hyperthyroidism were insignificant, and varied 
but little from changes seen in the normal con- 
trol animals. It was concluded that no significant 
alteration had been produced by hyperthyroidism. 
Subsequently, Rake and McEachem (1932) 
stated that postmortem and experimental material 
indicated that hyperthyroidism itself produces no 
specific lesions m the myocardium. The>' beliexed 
that the damage produced hy physiologic wear 
and tear on the one hand, and by any associated 
Infection or disease on the other hand, tended 
to be more accentuated in the patient with hyper- 
tli>Toidism tlian in the normal person. The evi- 
dence did not suggest the occurrence of a specific 
toxin producing specific myocardial lesions It 
was felt that too much emphasis had been placed 
in the past on the morphologic changes in the 


myocardium with consequent neglect of import- 
ant alterations in the metabolism and the function 
of the muscle fibers. These authors also suggested 
tihat perhaps the absence of glycogen in the 
cardiac muscle in Iiyperthyroidism renders the 
myocardium liable to injury, and that it reacts 
by diminished function. In this connection, it 
may be mentioned that McDonald and associates 
(1938) concluded that in hyperthyroidism, car- 
diac failure was not contingent on the presence 
or absence of glycogen. The function of cardiac 
glycogen was not primarily to produce energy, 
but, in some unkiiowm manner, to act as a stabil- 
izer between the conservation of energy and its 
expenditure. Likoff and Levine (1943) stated 
that it IS apparent that thyrotoxicosis is not in- 
frequently the sole cause of congestive heart fail- 
ure. They did not, however, give a microscopic 
description of the cardiac findings. 

In summary, as White (1951) has stated, 
there is no constant cardiovascular lesion in 
thyrotoxicosis. In a few cases necrosis of the 
myocardium has been found, but this finding 
has not been confirmed as a thyroid effect. 
In severe thyrotoxicosis the weight of the 
heart is generally increased. 

Hijpothyroidhm 

Higgins (1936) commented on the con- 
fusion in the literature concerning cardiac 
lesions in myxedema. 

He pointed out that some authors had ex- 
pressed the belief that the changes were part of 
the hypothyroid state while others have indicated 
that they were incidental. He also mentioned that 
at the Massachusetts General Hospital in Boston 
Only 5 autopsy records indicated changes in the 
heart in myxedema. Four of these referred to 
interstitial edema W’ith more or Jess fibrosis of 
the heart muscle fibers and one, to fibrosis only. 
He believed that in the earl>’ stages of thyroid 
deficiency there is a mucoid infiltration of the 
muscle fibers which can be overcome by the 
use of th>Toid extract. As the disease progresses, 
further degenerative changes occur, the heart 
becomes larger and coronary scicrosis develops. 
Because of these early and late changes, degener- 
ation of the muscle fibers occurs and is followed 
by extensive fibrosis of (be m>ocardivim. He 
concluded that the condition of the heart in mvx- 
edema is a distinct clinical and pathologic entity 
and should be considered in llic differential diag- 
nosis of evciy obscure cardiac dise.asc. Gordon 
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(1935) expressed the \'iew that the dinicfll fea- 
tures of "myxedema heart” ere produced by peri- 
cardial effusion in the course of myxedema. 

Webster and Cooke (1936) studied morpho- 
logic changes in experimental myxedema in rab- 
bits. Microscopically, the heart muscle fibers 
from the myxedematous anim.n]s did not take the 
hematoxylin-eosin stain as well as tliose from the 
normal control animals. There was a striking in- 
crease in the size of the spaces between the 
indhidual fibers. The fibers themselves were 
swollen, and the number of fibers per square 
millimeter was decreased. There "’as increased 
prominence of the longitudinal striations uath 
partial disappearance of the transverse striations 
The nuclei were pyknotic and surrounded by 
clear spaces. The increase in the perinuclear 
space ""as shown clearly in a cross section of (he 
muscle bundle. Frozen sections stained with Su- 
dan IV showed that there xvas htlle fat in the 
heart muscle and no fat in the clear sp,aces around 
the nuclei and between the fibers. The authors 
stated that the heart muscle of these myxedema- 
tous animals had an average fluid content of 81.9 
per cent, compared vsnth 75.6 per cent in the 
control series. Tlie>’ concluded tlwt m>'xedema 
was apparently capable of producing serious 
myocardial damage in the adult ralibit. It must 
be noted, however, th.at they terminated their 
experiments by killing the animals uith carbon 
monoxide (illuminabng gas) \vhich also produces 
definite changes in the myocardium (see pages 
528 and 529). 

Marzullo and Franco (1939) reported the oc- 
currence of myxedema in a patient who died 
suddenly. Tlie heart grossly and microscopically 
showed a nomial myocardium. White (1951) 
stated that the occasional finding in myxedema 
of a well marked cardiac enlargement has led to 
the term "myxedema heart.” He beliexes that 
the enlargement is the result partly of the dilata- 
tion and partly of the mj’xedemalous change 
affecting the heart tissue. (See also Schnitzer 


and Gutmann, IQ-IG.) La Due (19-13) presented 
the autopsy findings of a 52-year-oId woman with 
rajicedema who died of heart failure. The heart 
was enlarged and dilated, weighing 400 grams. 
Microscopically, the sarcoplasm of many heart 
muscle fibers was completely replaced by hy- 
dropic vacuoles. An edematous maferi.iI w’as also 
present between the heart muscle fibers but 
there weie no cellular elements. These changes 
w'ere more striking Just beneath the endocar- 
dium. 

Brewer (1951), from histochemical studies 
of the tissues of a patient who died of myxedema, 
concluded that the infiltrations in the skin and 
tongue were probablj' a mixture of mucoproteins 
containing h>-aluronic add and cliondroitin sul- 
phuric acid, but that in the heart the infiltrations 
consisted of a histochemically distinct mucopro- 
tein that is only weakly acid. He found that the 
mucoid deposit in (he myocardium stains with 
periodic acid-Schiff reagent (PAS) and slightly 
with Ehrlich’s hematoxyh'n but does not show 
metachromasia with tohiidine blue and does not 
take up metlqlene blue at a pH that is more acid 
than 5. The material is not gl> cogen since it Is not 
removed by saliva, diastase or hyaluronidase. It 
gives a negatixe Feulgen reaction and does not 
slain with mucicarmine or Sudan Black B. In 
contrast, the deposits in the tongue slain deeply 
with hematoxylin and PAS and are strongly 
metachromab’e and strongly acid, taking tip 
methylene blue at pH 2.5. The raetachromasi.i at 
the peripherj’ of the deposits is reduced by hyalu- 
ronidase but not by diastase. 

Thus, in summarx', it appears that there is 
no specific change within the myocardium 
which xvould xvarrant a diagnosis of either 
myocarditis or "myxedema heart.” Changes 
stmUar to those occurring in the siibaitaneous 
tissue or muscle tissues throughout the body 
may also be present in the myocardium. 


ATROPm" OF THE HEART 

Atrophy of the heart may be defined as a not only simple reduction in the size of the 
decrease in tlie size of the heart after if has fibers, but also exidences of cellular injury 
acquired partial or full groxx-th. In contrast such as cloudy sxvelling, fatty degeneration, 
to this is the congenitally small size of the pyknosis and even necrobiosis and lysLs. The 
heart, xvhich is called cardiac hypoplasia, changes are thought to be brought about by 
Atrophy is the result of ischemia and ioade- enzymatic liquefaction of tissue proteins with 
quate nutrition. Hence, it is common to find formation of the same products which appear 
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after hydrolytic cleavage of protein in the 
digestive tract, namely peptides and amino 
acids (Bradley, 1938). 

The heart is reduced in size, frequently to 
two-thirds or one-half of normal. The apices 
of the papillary muscles are quite fibrous and 
the papillary muscles, especially of the left 
ventricle, are short and narrow so that the 
interpapillary spaces are pointed. The epicar- 
dium and the endocardium may be wrinWed 
and thick. 

Microscopically the myocardial fibers first 
become smaller and then completely dis- 
appear, probably by autolysis (Karsner ct al, 
1925). The reduction in the size of the heart 
is the result of reduction in both size and 
number of the muscle fibers (Figure VII-15). 
They tend to become uniform in breadth, and 
large fibers disappear. The nuclei are also 
small and lie closer together than they do nor- 
mally. The number of nuclei in the atrophic 
heart is greatly increased in proportion to 
the number of fibers. There is also a relative 
increase in purine nitrogen. Frequently there 
is increased basophilia, but it is not knoxvn 
whether this is due to an actual increase in 
desoxyribonucleic acid or merely to conden- 
sation. No increase in mitoses occurs. 

In brown atrophy there is striking accumu- 
lation of yellow-brown, granular pigment in 
the sarcoplasm, usually at the nuclear poles, 
about which it forms spindle-shaped figures. 
This pigment does not contain stainable iron. 
It is said to be largely hemofuscin assodaled 
wth small amounts of hemosiderin (Connor, 
1928). There is both relative and absolute 
increase in the amount of pigment. In se- 
vere cases the granules may be found not 
only within the muscle fibers but also scat- 
tered between them, probably as the result 
of destruction of myocardial fibers. Tlie ce- 
ment lines of the myocardial fibers are usu- 
ally more distinct than normal. 

Atrophy may also occur in a heart that was 
formerly hypertrophic. This is particularly 
common in emphysema or in coronar>’ athero- 
sclerosis and in such cases the ^^•e^ght of the 
heart may he either within or above normal 
limits. 

Atrophy of the heart ma)’ be seen in star\’a- 


tion, senility, as the result of endocrine dis- 
turbance, and especially as the result of 
wasting diseases such as tuberculosis and 
malignant tumors. The atrophic heart is usu- 
ally regarded as having a decreased reserve 
po\\'er. 

In a series of 2000 consecutive autopsies, Hel- 
lerslein and Santiago-Stevenson (1950) found 48 
hearts with brown atrophy (average age of pa- 
tients, 62 years) and 41 wth simple atrophy 
(average age, 42 years). Atrophy was associated 
with a neoplasm in 73 per cent of the 89 cases 
and with chronic infection in 16 per cent. The 
average weight of the heart was 219 grams (99- 
300 grams) and there was a relatively greater 
loss of weight in the heart than of the body m 
general. The consistency of the myocardium was 
firmer in brown atrophy than in simple atrophy. 

Serous (Celattnou3 or Mucoid) 
Atrophy of Subepicardial Fat 

Subepicardial fat may undergo a peculiar 
degenerative change which appears to be a 
combination of atrophy and edema. It is usu- 
ally found in emaciated subjects suffering 
from senility or long-standing wasting dis- 
eases, such as tuberculosis or cancer. Tlie fat 
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is converted into a bro\\Ti or red-brown, 
translucent, wrinUed mass which looks ge- 
latinous (Figure VII-16). Usually the coro- 
nary arteries are tortuous because they do not 
participate in the atrophy. Microscopically 
the fat cells are distended ^vith small droplets, 
which are often yellow-brown in color, and 

EFFECTS OF DRUGS AND 

The lesions commonly seen in the human 
heart following poisoning or drug intoxica- 
tion consist of cloudy swelling or fatty de- 
generation of the myocardium, focal hemor- 
rhages which are usually endocardial or 
epicardial but sometimes myocardial and, in 
more severe damage, focal myocardial ne- 
crosis. Cellular exudates occur in some in- 
stances, usually about necrotic foci, and 
consist principally of lymphocytes and mono- 
nuclear colls. Occasionally the cellular com- 
ponent is the major feature of the microscopic 
picture. If the poisoned indi\ndual survives 
long enough, the necrotic foci may undergo 
healing by fibrosis. Cardiac dilatation is some- 



Fiffure VIl-16. Serous atrophy of fat. Patient was a 
cachectic 46-> car-old man who died of Ivmphoblas- 
loma. (WCCII, 44 A 52.) 


lie in the edematous ground substance of the 
pericardium. Tlie individual cells undergo 
considerable alteration in size and shape so 
that many of them are round, spindle- or star- 
shaped. Indeed, the cells may become so 
small that they finally resemble fibro- 
cytes. 

POISONS ON THE HEART 

times conspicuous and, if tlie toxic substance 
also causes pulmonaiy' injury ^\'ith obstruc- 
tion of blood flow through the lungs, the 
dilatation may be predominant in the right 
ventricle (Petri, 1930). 

It is ev^dent from the preceding description 
that the cardiac lesions are nonspecific. In 
no instance are they pathognomonic of any 
one poison or dnig. A fesv compounds, ho\v- 
ever, do cause sufficiently uniform lesions to 
be noteworthy. Thus ccidmitim, and especially 
phosphorus, usually c.ause severe fatty de- 
generation of the myocardium. Benzol or 
saUcylaie poisoning usually cause endocardial 
and epicardial hemorrhages. Arsenic com- 
pounds cause endocardial hemorrhages which 
are likely to be broad or flame-shaped and to 
be located on the left side of the interven- 
tricular septum. Mcrctmj poisoning often re- 
sults in deposition of calcium in myocardial 
fibers. Acute carbon monoxide poisoning 
makes the heart bright red (Gonzales ct al, 
19S1). 

A drug or poison may injure the heart 
either by direct action on the myocardium or 
other cardiac tissue or indirectly by injury 
elsewhere in the bod)’. Such structures as 
brain, lungs, liver, kidneys, bone marrow, and 
alimentary tract are common sites of injury 
by drugs and poisons. Major damage to one 
or more of them may result in anoxemia, elec- 
trol)^^ imbalance, accumulation of metabolic 
products, or infection. Since the cardiac le- 
sions described are nonspecific, it is often im- 
possible to attribute a given lesion to direct 
cardiolo.xic action. Tlie relevance of obserx’a- 
tions made in experimental animals may de- 
pend greatly upon tlie methods and the spe- 
aes employed. Examples of cardiac lesions 
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produced at least in part by direct action of 
a toxic substance are fatty degeneration 
caused by phosphorus, cadmium, and the 
mushroom Amanita phaVoides; injury to car- 
diac capillaries by inorganic arsenic; and in- 
activation of myocardial respiratory en^nmes 
by cyanide compounds. In many other in- 
stances, the observed lesions may be explained 
principally as the result of indirect causes of 
which anoxemia seems often to be the most 
important. 

Carbon monoxide causes cardiac ischemia 
by combining with hemoglobin and reducing 
its capacity to carry oxygen. Patients dying 
within a few days of exposure to a high con- 
centration of the gas, present pericardial and 
subendocardial hemorrhages. Tlie latter are 
conspicuous in the left ventricle, and espe- 
cially in the papillary muscles. Microscop- 
ically one may find focal fatty degeneration 
and necrosis of muscle fibers, and an abun- 
dant cellular exudate consisting mostly of 
polymorphonuclear leukocj'tes (Gurich, 1923, 
Walcher, 1939). 

In a patient who died 13 days after exposure, 
Neuberger and Clarke (1945) found multiple foci 
of myocardial necrosis, chiefly subendocardial, 
and occasional petechial hemorrhages in other- 
wise intact areas of myocardium. Ehnch and 
associates (1944) found similar lesions in dogs. 
Beck and Suter (1938) pointed out the frequency 
of coronary thrombosis in patients who had re- 
covered from exposure to carbon monoxide and 
emphasized the possibility of permanent cardiac 
damage after acute intoxication. Holm (1950) 
encountered severe myocardial fibrosis in a pa- 
tient who developed cardiac failure after carbon 
monoxide poisoning and died 4 years later. 

Drugs commonly employed for the treat- 
ment of cardiovascular disease, such as 
adrenalin, atropine, digUalis, quinidine, and 
thiocyanates, have not been showni conclu- 
sively to cause morphologic changes In the 
human heart. 

Experimentally, in sufficient dosage, lesions 
can be produced in animals. Dearing and asso- 
ciates (1943a) found no myocardial lesions in 
cats when they gaNc doses of digitalis prepara- 
tions ealcul-ited to be the equivalent of therapcii- 


tic doses in man. In a feiv instances, doses hvice 
as great (equal to 60 per cent of the minimum 
lethal dose) caused focal myocardial degenera- 
tion and necrosis with surrounding hemorrhages 
and cellular infiltration. The lesions seemed to 
have a predilection for the papillary muscle of 
the left ventricle and the mteiv'entricular septum. 
Healing occurred by fibrosis. In subsequent ex- 
periments in dogs, toxic doses of digitalis prepara- 
tions reduced the coronary blood fimv for a feiv 
hours, but myocardial lesions were not attributed 
to the diminished blood flow (Bearing et al , 
1943b). Kyser and associates (1946) found that 
the cardiotoxic effects of digitalis in dogs were 
modified by aminophyllin, theobromine sodium 
acetate, and atropine sulfate but not by papaver- 
ine hydrochloride. 

Experimentally in rabbits, injections of 
adrenalin have been followed by focal myo- 
cardial hemorrhages, degeneration, necrosis 
and lymphocytic infiltration, and later by re- 
placement fibrosis and by hypertrophy. 

Raab (1943) reported sudden death of a 
young athlete in whom at autopsy no lesion 
was found; chemical examination of organs 
for alcohol and poisons also was negative. An 
e.xcessivel)' high concentration of adrenalin- 
like substances was found in the heart muscle 
and was believed to be the immediate cause 
of deatli. 

Acute poisoning by alcohol produces the 
same lesions caused by other respiratory de- 
pressants. In chronic alcoholism the changes 
arc attributable, not directly to the alcohol, 
but rather to the accompanying state of nu- 
trition. Hence, one may find marked fatt)' 
infiltration in persons who have maintained 
a high caloric intake of food in addition to 
(he alcoholic beverages consumed; on the 
other hand, if food intake has been inade- 
quate, the changes described in nutritional 
deficiencies may be present. 

Hj'persensitivih’ to drugs may result in 
pronounced myocardial lesions. Lesions liave 
been noted particularly in In-pcrscnsltivity to 
certain organic arsenical compounds and to 
sulfonamides. Such reactions have a large in- 
flammatorx’ component and are dealt with in 
the Cliapter on Myocarditis. 
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EFFECT OF IONIZING RADIATION ON THE HEART 


^^’a^■en (1942) has reviewed the effects of 
ionizing radiation on the heart. The severity 
of the changes depends largely on the amount 
of irradiation to which the subject is exposed. 
If \\’e summarize numerous reports in which 
\'arious amounts of irradiation were adminis- 
tered to experimental animals such as the 
dog, rat, rabbit, and sheep, tlie changes ob- 
served have included hyalinizalion of peri- 
cardial and epicardial connective tissue, 
edema, atrophy, and necrosis of myocardium; 
proliferation and hyalinization of interstitial 
tissue of the mvocardium, focal lymphocj'tic 
and perivascular mononuclear and polymor- 
phonuclear infiltration; perivascular edema, 
hemorrhage, and hyalinization; and vascular 
thickening. Prosser and associates (1947) re- 
ported electrocardiographic abnormalities and 
evidence of cardiovascular failure in animals 
exposed to irradiation and in acute cases, at 
autopsy, cardiac hemorrhages of v.aried size 
and location. Coon and associates (1955) 
have observed a loss of potassium from the 
heart of the rabbit and of the dog shortly fol- 
lowing moderate doses of \-radlation. 



Fisrurc VII-t7. Epicardial hcmortliages rcsiilHni; 
from c'tpcxiirc to Ionizing radiation. (Courtcsj, 
Amicil Forces Inslihilc of Pal}ioloR>,Ncg. HS307 A.) 


In radiation therapy in man, according to 
Warren, little radiation reaches the heart un- 
less treatment is directed at a thoracic or left 
mammar^’^ tumor, at the lower mediastinum, 
or at the esophagus. In 10 parents who re- 
ceived irradiation that included e.xposure to 
the heart, who lived two days to a year after 
treatment, ITiibaudeau and Mattick (1929) 
obserx’ed changes ranging from slight inter- 
sdtial fibrosis to hyaline and fatt>' degenera- 
tion and necrosis of the myocardium. Some- 
times round cell infiltration wtis encountered. 
In other cases, granular and \'aaiolar degen- 
eration of the myocardium and hyalinization 
have been stressed. Warren pointed out that, 
as elsewhere in the body, "the various forms 
of cardiac damage secondary’ to radiation 
therapy cannot be recognized as specific in 
themselves, but the aseptic necrosis, hyaline 
fibrosis, and obliterative vascular changes 
combine to form a fairly characteristic le- 
sion.' 

Tricot and associates (1934) reported an in- 
stance of constrictive pericarditis which they 
thought n-as the result of x-radiation (total of 
13,000 r delivered to the prccordium o\er a 
period of 10 years) in treatment of inetast.al{e 
carcinoma of bone, primary in tlie breast. 

In swine e.\posed to total body irradiation 
from an atomic bomb explosion (Bikini) and 
dying one to 29 days later, the cardiac muscle 
rare!}' showed any’ evidence of injury, even 
licmorrhage being absent (Tullis. 1949). 

Liebow and associates (1949) have de- 
scribed the effects on man of the atomic bomb 
explosions at Hiroshima and Nagasaki. In 
patients dying within 14 days of the explo- 
sion, epicardi.ll petechiae (Figure VII-17) 
were common and there was occasional edema 
about myocardial vessels. Similar changes 
were present in patients surviving to the 
seventh week, and in addition there were 
occasional endocardial and perivascular mycn 
cardial hemorrhages. In some instances there 
was svrbcndothelial and myocardial exudation 
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of plasma cells and small and large mono- 
nuclear cells. In 33 patients who died more 
than 6 weeks after the explosion, there were 

EFFECT OF DISEASES OF 

Anemia 

The heart may become dilated and hyper- 
trophic in severe clironic anemia. 

Porter (1937) found roentgen evidence of 
cardiac enlargement in 14 patients with hook- 
worm anemia, and Elhs and Faulkner (1939) 
found such evidence in 20 of 38 patients with 
anemia of various causes. With effective treatment 
the heart may become smaller but may never 
return to normal size. Porter ascribed the rapid 
reduction m cardiac size in treated patients to 
disappearance of dilatation, and thought that 
residual enlargement represented hypertrophy. 
In one of his patients who died of heart failure 
while under treatment, tlie heart wetglied 630 
grams. Cabot and Richardson (1919) found the 
heart heavier than normal in all but one of 19 
patients who died of pernicious anemia. 

In addition to enlargement, fatty degenera- 
tion of the myocardium is common in severe 
anemia. The myocardium is flabby and shows 
characteristic yellow subendocardial streak- 
ing. According to Friedberg and Horn 
(1939) focal myocardial necrosis may be 
prominent in young persons dying with se- 
vere anemia following gastrointestinal hemor- 
rhage. 

Formerly pernicious anemia and chlorosis 
were the usual forms of anemia causing car- 
diac lesions, but these have been superseded 
in recent years by sickle cell anemia and 
secondary anemias. Winsor and Burch (1945) 
have especially emphasized the frequency 
with which sickle cell anemia causes cardiac 
disease. 

Two possible factors in the production of the 
cardiac lesions seen in anemia are diminished 
o\ygen supply to the heart and cardiac ovcrssoik. 
There is no doubt that anemia results in anoxemia, 
and that anoxemia of similar degree from other 
causes can produce lesions like those described- 
^^’hile it is clear that anoxemia is an important 
factor, the significance of oxersvork is uncertain. 


no sigrufieant cardiac changes e.xcept for focal 
hemorrliages and one instance each of “fatty 
change” and “focal necrosis.” 

BLOOD ON THE HEART 

Because cardiac output is increased m anemia, it 
might be supposed that the heart must do more 
work. Anemia is also accompanied, however, by 
vasodilatation and by reduced blood viscosity, 
and these tend to lessen cardiac work. How far 
these two factors counteract each other has not 
been established, hence, the role of overwork in 
producing the changes seen in anemia is uncer- 
tain 

Anemia by itself rarely causes congestive fail- 
ure and it is doubtful if it ever causes fatal heart 
disease. It may, however, be an important sec- 
ondary cause. In patients with pre-existing heart 
disease, the development of anemia may precipi- 
tate myocardial failure and, conversely, treatment 
of anemia may alleviate failure. Similarly, angma 
pectoris has been precipitated. Kinney and Mallory 
(1945) reported cases in which the acute anemia 
following hemorrhage from peptic ulcers pre- 
cipitated congestive failure and myocardial in- 
farction (see pages 584 and 592). 

Pohjctjihemia 

In both primary and secondary polycy- 
themia, there is an increase in the viscosity 
and the volume of the blood. 

It has been thought that these changes impose 
a burden on the heart, leading to hypertension 
and cardiac failure. White (1951) statetl, how- 
ever, that peripheral vasodilatation largely pre- 
vents such an additional cardiac burden. Norman 
and Allen (1937) found that the blood pressure 
in patients with polj'cythemfa was no higher than 
in controls, and Brown and GilHn (1926) found 
no cardiac enlargement in 14 patients. Friedberg 
(1956) stated that heart failure is a rare coropli- 
cation of polycythemia unless there is associated 
myocardial infarction or hypertensive and arterio- 
sclerotic heart disease. Tlie latter conditionj; he 
regarded os coincidental. That there is an in- 
creased tendency to thrombosis in pol)’C}’fhC'tnia 
is well known, but Norman and Allen concluded 
that thrombosis of coronarj’ arteries is less Com- 
mon than in the vessels of other org.ans. In their 
series of 9S cases of polvcjthcmia vera, coron3r>’ 
disease was encountered in 5 patients, in one of 
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whom a coronary arterial thrombus was found 
autopsy. 

Leukemia 

Cardiac hypertrophy may occur in leu- 


kemia. The enlargement has been attributed 
in part to the associated anemia and in part 
to the increased metabolic rate. Tlie sub- 
ject is discussed in Chapter XIII on Neo- 
plasms. 


THE HEART IN FAMILIAL DISEASES AFFECTING MUSCLE 


Progressive Muscular Dystrophy. In this 
disease, known also as pseudohypertrophic 
muscular dystrophy, changes may occur in 
the myocardium similar to those seen in the 
skeletal muscles and may be associated with 
sudden development of fatal cardiac failure- 
Because of meager descriptions of the heart 
in most reported cases, the true incidence of 
cardiac involvement is uncertain; but prob- 
ably it is high. 

The earlier literature has been reviewed by 
Globus (1923). In 19 cases m which autopsies 
have been reported since 1922, Zatuchm and 
associates (1931) found the heart small m some 
instances, normal or enlarged in others. The range 
was 140 to 630 grams. Moore ( 1934) encountered 
a heart that weighed 450 grams in a 10-year-old 
boy. and Storstem and Austarheim (1956) a 
heart that weighed 750 grams in a 20-> ear-old 
man. 

Tlie appearance of the myocardium is vari- 
able. In some places it may be yellow'- 
brown because of fatt>’ inBltration, in others 
it shows gray flecks and strands of fibrous 
tissue. Microscopically, there is widespread 
replacement of muscle fibers by connective 
tissue and by fat of adult form. Some of the 
muscle fibers are Inpertrophic; others arc 
small and distorted and show- fragmenhition 
or loss of striation. The nuclei of the fibers 
may show degeneration. Sarcolemmal nuclei 
are relatively increased .and there may be a 
sparse infiltration of mononuclear celb. Car- 
diac aailvcs are normal. The endocardium is 
usually normal or slightly thickened, hut in 
the case reported by Zlatuchni and associates 
(1951) it was strikingly thickened. The corn- 
nar\’ arteries arc normal. 

Dystrophia Myolonica. Tliis disease, alsn 
called myotonia atrophica, is characterized by 


increased tone of skeletal muscles, muscular 
atrophy, cataracts, baldness, and testicular 
atrophy. Although symptomatic heart disease 
is uncommon, the frequency of mild hj-poten- 
sion and the high incidence of conduction 
defects and arrythmias have attracted clinical 
attention to the heart (NYaring et ol., 1940; 
Evans, 1944; Kilpatrick and Caughey, 1955). 

Careful postmortem e.xaminations have sel- 
dom been reported, however, and no consis- 
tent morphologic clianges have been noted. 

Fagin (1946) found atrophy of myocardial 
fibers in a woman who also had carcinoma of the 
stomach. The heart weighed 275 grams. On the 
other hand, Fvsch and Evans (1934) found dif- 
fuse fibrosis and hypertrophy of scattered myo- 
cardial fibers in a man whose heart weighed 540 
grams. No abnormality was found in 5 adult 
hearts examined by Black and Ravin (1949). Re- 
ported weights ranged from 230 to 450 grams. 
The heart was abo normal in 2 autopsies reportetl 
by Kilpatrick and Caughey (1953). 

Friedreich’s Ataxia. Schilero and co-work- 
ers (19o2) summarized obscrx’alions made 
since Friedreich (1863) described the ventric- 
ular hypertrophy and fatty degeneration of 
the myocardium associated with the form of 
cerebellar atrophy that bears his name. All 
chambers of the heart, but particularly the 
ventricles, may be hypertrophic. Microscop- 
ically there is diffuse replacement of myo- 
cardml fibers by connective tissue, and hyper- 
trophy or fatty degeneration of remaining 
fibers. Usually slriations are lost and nuclei 
are large and vacuolated, and there is infillra- 
lion of lymphocytes and eosinophils. TJic 
Purkinge fibers are also separated by con- 
nective tissue and by a sparse cellular exu- 
date. Clinically, cardiac arrythmias and con- 
gestive failure are common. 
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He found Uiat the posbnortem volume was al- 
ways less than in life, but Uiat the amount of 
tlie difference (as much as 52 per cent) was 
unpredictable. His results indicate that, even if 
nonnal values for postmortem cardiac volume 
were established, they might have little relevance 
to cardiac volume in hfe. The same consideration 
applies to postmortem measurement of the total 
capacity of the heart, which Friedman calculated 
to average 400 ml. in life, and to measurement of 
the capacity of individual chambers. 

As a means of making estimates of normal 
heart size, tliere remains the volume of the 
cardiac tissue. Postmortem, this volume can 
be determined with fair precision and prob- 
ably reflects accurately tlie volume during 
life. Equally useful information can usually 
be obtained, however, by weighing the heart. 
Should an estimate of volume be desired, it 
can be obtained from the cardiac weight and 
the average specific gravity, which Bardeen 
(1918) has reported as 1.03 and Friedman as 
1.03. 

There is general agreement that most adult 
hearts vvitliout obvious disease weigh between 
250 and 350 Gm. According to White (1931), 
the lower limit of normal weight in adults is 
2(K) Gm. and tlie upper limit 375 Gm. Accord- 
ing to Karsner (1955), nonnal male adult 
hearts weigh between 300 and 350 Gm., and 
female hearts weigh about 50 Gm. less. BoUv 
authors emphasize the importance of taking 
body size into consideration in determining 
deviations from normal. The tables in Chapter 
XVIII list cardiac weights according to body 
weight, height, sex, and age. Tliey demon- 
strate tlie impossibility of setting a single 
range of cardiac weight in adults which will 
allow for normal variability and still be con- 
sistently usefid in the recognition of enlarge- 
ment 

Many reports indicating a relation belvveov 
cardiac weight and body size or some other factor 
are based on unselected autopsy cases and, there- 
fore, are of little use in defining the size of the 
nonnal heart. Among the larger reported senes, 
those of Smith (1928) and of Zeek (1942) (see 
Chapter XVIII) are notable in the care with 
which instances of cardiovascular disease were 
excluded. Zeek observed the further important 
precauUon of estimating the reliability and varia- 


bility of her data by statistical methods. In a 
smaller series of 187 cases, Rosalm (1941) had 
nearly ideal material in that it was derived only 
from men who died accidentally or after sliorl 
illnesses and showed no gross or microscopic evi- 
dence of heart disease. He, too, dealt with his 
data statistically, and from them deriv'ed an equa- 
tion simultaneously rebling heart weight to body 
weight and to age. The possibility of h>pcrten- 
sion was not excluded in tlie selection of cases 
and this factor m.iy account both for the apparent 
significance of age and for a Iiigli mean value of 
cardiac weight (mean 353 ± LI Cm.; range 210- 
565 Cm.). Smith and Zeek reviewed earlier 
work relative to age. Neither found age a factor 
bc>ond cliildliood in iiis or her own data. 

The chief practical purpose of defining nor- 
mal cardiac weight is to assist in the recog- 
nition of abnormal myoc.irdiaI mass. At pres- 
ent, comprehensive data arc not available on 
the weight of tlie m>'Ocardium in healtli 
which are suitable as standards for direct 
comparisons. A limiting factor in the useful- 
ness of total cardiac vveigitt is tho variable 
contribution of cpicardial fat to cardiac 
weight. 

In his 1481 unseiccted cases, Muller (1883) 
found Uiat from a negligible quantity in early 
childhood, cpicardial fat came to represent 20 per 
cent of cardiac weight at the age of 70. There vv ere 
wide variations in individuals, however, and rarely 
fat was responsible for half the weight of the 
heart. Li 135 unselected patients, most of whom 
were elderly, Reiner .md assod.ites (1935) found 
that epicardial fat varied linearly with age. Heavy 
hearts in obese men were related more closely to 
myocardial weight, however, than to epicardial 
fat. With respect to the m>ocardial weight in 
individual chambers, Muller found that Uie right 
atnum weighed slightly more than the left, the 
left ventricle weighed twice as mucli as the right, 
and the combined weight of the atna was oiie- 
fiftli that of the ventricles. 

In the absence of suitable standards of 
weight, the tliickness of tlie mj'-ocardium is 
commonly used as an index of the myocardial 
mass of individual chambers, but in dilated 
chambers, interpretation of the measured 
fiiickness of the wall may be difficult. (See 
Chapter XVIII for representative values.) 

Gross Features of Enlargement. Enlarge- 
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ment resulting from excessive deposit of epi- 
cardial fat lias been described. We are here 
concerned with hypertrophy of the myocar- 
dium and dilatation of cardiac chambers. 
These two forms of enlargement commonly 
occur together in all types of heart disease 
and almost invariably in chronic congestive 
failme. Which of the two predominates de- 
pends upon the location, severity, and dura- 
tion of the underlying disease. In early stages 
of a cardiac disease, only a single chamber 
may be enlarged, later, all chambers may be 
affected. Tlie atria are capable of greater dila- 
tation than the ventricles; the ventricles show 
greater degrees of hypertrophy. HyiJertrophy 
without appreciable dilatation is frequently 
seen in the left ventricle, occasionally in the 
right ventricle, seldom in the atria. Despite 
the vagueness of the borderline between nor- 
mal and enlarged hearts and the limitation 
on quantitative measurements of cardiac slie, 
outspoken hypertrophy and dilatation have 
numerous distinguishing characteristics. 

Htjpertrophj is most frequent in the left 
ventricle (Figure VIMS). Hearts so affected 
commonly weigh up to 500 Cm., and >veigl)ts 
of 1000 Gm. or more are occasionally ob- 


served. The myocardium is firm, frequently 
somewhat deeper red than is normal, and may 
be flecked with small pale gray scars. The 
endocardium is often slightly thickened and 
opaque. In cross-section, both the free wall 
and the interventricular septum are thickened 
(Figure Vll-il), the latter somewhat less. In 
the absence of dilatation, the wall may ap- 
pear in transverse section as a heavy ring 
vvliich actually reduces the lumen of the 
chamber. Such hypertrophy has been called 
"concentric'* in distinction from the “eccen- 
tric” hypertrophy seen when tlie chamber is 
also dilated. The trabeculae carneae and the 
papillary muscles are also enlarged and stand 
out prominently. 

Other changes in configuration of the left 
ventricle in hypertrophy have been described in 
detail by Kirch (1921) and by Grant (1953a, b). 
As the wall of the chamber tliickens, it also be- 
comes longer. The elongation is proportionately 
greater toward the apex; the papillary muscles 
appear, therefore, to arise relatively nearer the 
mitral onfice th.an m the normal heart. The length- 
ening is greater also in the ventral and lateral 
portions of the ventricle (cephalad and dorsal 
as the heart lies in the body) . As a result, these 



Figure Vil-I8. H>ptrtrop!iy of die Uft \ciitnclc. Thu heart has bt'cn cut coroually 
nu(l\^ay hctuccn bai.c and 
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Figure VII«19. Hypertrophy and dilatabonof the right ventricle (cor pulmonale). 


portions develop a greater cun-aturc of outline 
than the rest, tiie normal ouhvard bulge of the 
myocardium about the mitral ruig is exaggerated, 
and the ring itself is tilted to a plane more ne^irly 
parallel with that of the aortic nng. How the 
mitral valve accommodates itself to the length* 
ened chamber is not certain. Kirch’s measure- 
ments indicated that the papillary muscle be- 
comes longer, but the chordae tendineae remain 
unchanged. Grant, on the other hand, was im- 
pressed by instances in which the anterior leaflet 
showed equal elongation of all three elements of 
the valve. By itself, hypertrophy does not lead 
to any change in the orifices of the mitral and 
aortic valves. Just below the aortic nng, how- 
ever, the normal bulging of tlie m>ocardiaI wall 
into the lumen is exaggerated, sometimes so much 
that it seems to have impeded the outflow' of 
blood. It is in this location that endocardial pock- 
ets occasionally form when the hypertrophy fol- 
lows aortic valvular disease. Kirch (1930) be- 
lieved h>'pertrophy begins along the outflow tract 
of the ventricle and progresses "against” the 
blood stream along the inflow tract to the mitral 
orifice, but Grant was unable to confirm this ob- 
servation. 

Dilatation of the left ventricle usuaDy is 
seen in hearts that are also hypertrophic iuid 
accentuates some of the features of hyper- 
tropliy while it diminishes others. Dilatation 


affects mostly tlic apical portions of the lu* 
men and, to a slighter degree, the lumen in 
front of the mitral valve. Tlie portion behind 
the valve is least affected. The apical segment 
becomes less conical and more bowl-shaped. 
The thickness of the wall is correspondingly 
diminished, but accompanying hypertrophy 
may tend to maintain a norma! thickness. The 
papillary muscles tend to become tapered. 
Their bases are broad and originate relatively 
higher on tlie wall than in hypertrophy. Tra- 
beculae cameae lose their prominence and 
llieir cylindrical form, and appear as broad, 
flat bands, partly blended into the underlying 
muscle. As in hypertrophy, the orifices of 
the valves, unless otherwise diseased, remain 
normal. 

Hypertrophy of the right ventricle (Figure 
VII-19) is usually secondary to failure of the 
left but may occur independently. Some- 
times the secondary form occurs even in the 
absence of failure when the left ventricle is 
markedly hypertrophic, perhaps because of 
enlargement of muscle bands that extend into 
the right ventricle from tlie left. Normally 
the trabeculae cameae occupy more of the 
lumen in tlie right ventricle tlian in the left. 
In hypertrophy they may form a massive net- 
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work extending from the free wall to the 
septum and obscuring the course of blood flow 
thiough the chamber. The left ventricle may 
undergo considerable hypertrophy without 
obvious dilatation, but in the right ventricle 
a proportional degree of hypertrophy without 
dilatation is infrequent. It may be that its 
thinner wall and pocket-like shape render it 
relatively less efficient in emptying itself 
under the conditions that induce hypertrophy. 

Dilatation of the right ventricle, according 
to Grant (1953a), begins with attenuation and 
apparent lateral shift of the trabecular net- 
work. This may permit a considerable in- 
crease in capacity of the chamber \vith little 
change in external contour. With further dila- 
tation, however, the free wall swells outward 
and bulges beyond its zone of attachment to 
the interventricular septum. As compared 
with its response in left ventricular dilatation, 
the septum undergoes relatively little change 
in area or thickness when the right ventricle 
dilates. At the apex, dilatation may be so 
great as to carry the free wall down to the 
level of the left ventricular apex, and the heart 
may then appear to have a double apex. 

In the atria, dilatation and hypertrophy 
commonly occur together. Hypertrophy, with 
thickening of the walls and prominence of 
pectinate muscle, is often overshado%ved by 
dilatation. Particularly in the left atrium, 
dilatation is occasionally enormous. 

Rogers and Wittels (1957) have reviewed 10 
cases of bilateral atrial enlargement in each of 
which the left atrium had a postmortem capacity 
of at least 1000 ml. The largest left atrium was 
reported to have had a volume of 3000 ml. at 
autopsy (Afinkowsb', 190-1), the largest right 
atrium, 2150 ml. (Taussig, 1937). 

Histology of Enlarged Heart. Microscopic 
descriptions of myocardial dilatation and 
hypertrophy differ widely, principally because 
of differences of opinion as to whether ob- 
served abnormalities are an intrinsic part of 
the enlargement or are manifestations of as- 
sociated disease. Adopting the point of view 
tliat only alterations in the dimensions of myo- 
cardial fibers and their components arc un- 
equivocally part of tlie enlargement, one often 
finds scant evidence on ordinary' microscopic 


examination of the changes that were so ob- 
vious in the gross. 

The acutely dilated heart may show some 
attenuation of fibers but, more often, no clear 
deviation from normal is detected. In chronic 
dilatation an expected thinning of fibers is 
concealed by accompanying hypertrophy. 
Clianges revealed only by quantitative mi- 
croscopy are described in a following section 
on the pathogenesis of dilatation. 

In hypertrophic hearts, fibers cut longi- 
tudinally appear wider than normal, and in 
cross-section their diameter is increased ( Fig- 
ure VII-20), Whether myofibrils increase in 
size or number proportionately with increase 
in sarcoplasm is uncertain, but there is un- 
doubtedly an increase in myofibrillar material. 
Nuclei may also be enlarged, and rather com- 
monly change from an oval to a rectangular 
outline in longitudinal section (Figure VII- 
13). German authors in particular (c.g., Linz- 
bach, 1947, Nieth, 1949, Henschel, 1952) 
stress that, with increasing hypertrophy, there 
is a great increase in nuclei having horseshoe, 
staghorn or dumbbell shapes, eccentrically lo- 



Figiiic VlI-20. Section from a li>pcrtropluc kit M'u- 
tncle to illustrate enlargement of tJjc m>ofibers and 
tke targe tiart nnciei with s<jiiarc end:,. Compare 
with the atrophic myocardial fibers shown in Figure 
Vlt-Io. ifcmatosylui and cosm. X2-i0. 
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cated, doubled nuclei, groups of small nuclei 
set close together in a row, and nuclei witli 
deep longitudinal grooves. Except for grooved 
nuclei, these ordinarily rare forms are thought 
to be indicative of amitotic division, that is, 
of myocardial hyperplasia. 

In addition, a number of frankly degenera- 
tive changes have been described in myncar- 
dial hypertrophy. Tliey consist of swelling of 
sarcoplasm rvith consequent disproportion in 
relative amount of sarcoplasm and of myo- 
fibrils, vacuolization, increased pigment adja- 
cent to nuclear poles, basophilic and fatty de- 
generation, and coagulation and clumping of 
myofibrils. Even minute but widespread foci 
of necrosis accompanied by inflammation and 
follorv'ed by fibrosis have been attributed to 
hypertrophy (Linzbach, Nieth). These are 
changes recognized as commonly associated 
with myocardial hypoxia. The case for con- 
sidering them a manifestation of hvpertrophy 
rests on assumptions that the blood supply to 
hypertrophic fibers is deficient and that the 
decrease in surface area, relative to volume in 
an enlarged fiber, is unfavorable to its metab- 
olism. Tlxe more frequent occurrence of de- 
generative changes in the higher grades of 
hypertrophy Is regarded as supporting this 
view. However, in order to establish hyper- 
trophic muscle as inherently subject to hy- 
poxia, other causes of hypoxia (particularly 
disease of the coronary arteries) must be ex- 
cluded. 

Pathogenesis of Dilatation. Cardiac dila- 
tation may develop almost instantaneously in 
certain arrythmias, trauma, valvular rupture, 
pulmonary embolism, or myocardial infarc- 
tion. It may appear in a few days or weeks 
in some instances of myocardial infarction 
or in acute myocarditis, acute anemia, poison- 
ing, and severe infections. It may progress 
slowly for years, or increase acutely, in the 
course of cliroiiic disorders- Most commonly, 
dilatation results from hypertension, coronary 
atherosclerosis, and valvular disease, these 
being the commonest causes of lieart disease. 
If the underlying disorder is corrected, dila- 
tation may subside completely or in part 
(Kerr, 1957). Persistent dilatation results 
either from persistence of the underlying dis- 


ease or from permanent changes in the struc- 
ture of the myocardium. 

Elongation of mjocardial fibers has long been 
assumed to be responsible for dilatation, but 
actual demonstration of a lengthening of fibers 
has only recently been reported. Hort (1957) 
prevented the usual postmortem contraction of 
the hearts of guinea pigs in xxlnch he had in- 
duced right \ entricular dilatation and, after fixa- 
Oon, measured the area of the ventricular wall 
and the distance between Z-bands in the 'cn- 
trictilar fibers. The interband distance proved to 
vary directly with the square root of the ventricu- 
lar area, and he concluded that the dilatation 
could be wholly accounted for by lengthenirig of 
muscle fibers. He then showed that the dilata- 
tion and associated elongation of fibers were re- 
versible; these he regarded as quahtativ ely similar 
to the changes occurring nonnally during tlic 
cardiac c>cle. He believed that he had thus dem- 
onstrated the anatomic basis of Stirling’s law 
of the heart. By counting myocardial fibers along 
a hne through the wall of the heart, Hort shoVNed 
abo that m the acutely and reversibly dilated 
heart, the elongation of fibers wus accompanied 
by a reversible shift in the position of the fibers 
relative to one another. The Uiinncd fibers thereby 
maintained the continuity of the myocardial 
fabric as it expanded to enclose an increased 
volume of blood. Mechanisms by which such a 
reversible shift might occur have been suggested 
by von Hayek (1939), G. Weitz (1951), and W. 
NVeitz (1952) as well as by Hort. 

The existence of a second important component 
of cardiac dilatation, irreversible and unrelated to 
elongation of myocardial fibers, has been advo- 
cated by Lmzhach and his associates. D’nz- 
bach and Linzbach (1951) fixed in fonnalin 
human hearts removed routinely at autopsy, cov- 
ering a wide range of size, weight, and age, and 
measured the distance between Z-bands in un- 
stained frozen sections by phase microscopy. They 
found unexpectedly that the interband distance 
varied little from one specimen to another and 
that such variations as occurred were unrelated 
to the presence or absence of dilatation. It seemed 
tliat in all of the fixed hearts, irrespective of their 
gross appearance, the myocardial fibers were m 
nearly tJie same state of coutraction. Subsequently, 
Linzbach (1956) measured the lengtli of nu- 
clei and tlie inteniucle.ir distance along myo- 
cardial fibers. The measurements showed regular 
variations only with ventricular weight. Again, 
there was no correlation with dilatation. It ap* 
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peared, tl)erefore, Ujat dilatation as it is com- 
monly observed in the fixed human heart is the 
result neither of stretching nor of disproportionate 
longitudinal growth of myocardial fibers. 

Lmzbach believed that the dilatation he studied 
was the result of a weakening or destruction of 
the connective tissue binding myocardial fibers 
to one another, brought about by inflammation 
or hypoxia. Under the stress of systolic tension, 
the myocardial fibers m affected foci gave \vay 
to new positions where they eventually became 
fixed once more, forming a myocardial wall per- 
manently thinner than before and enclosing a 
greater volume of blood. The changes lie envi- 
sioned were like those in the fonnation of a car 
due aneurysm, except tiiat (hey occurred in many 
small foci and at different times. Linzbach called 
this component of cardiac enlargement “stmc* 
tnral dilatation.” 

If the relative magnitude of the two compo- 
nents of dilatation just described is indicated by 
comparisons of cardiac size before and after 
death, such as those of Friedman (1931) previ- 
ously desenbed, it appears that the irrei'crsible 
component might frequently be large. In the 
dynamics of the diseased heart, tlie role of tliis 
component would differ importantly from the re- 
versible component dependent upon elongation of 
fibers (e.g., in respect to Starling's law). Hence, 
if the validity of Unzbach's concept of structural 
dilatation is established, present interpretations 
of the functional significance of cardiac enlarge- 
ment may require much revision. If such validity 
is established, some of tlie present difficulties in 
understanding cardiac function in the diseased 
heart may be resolved. On the other hand, ob- 
servations made in normal persons or in short- 
term experiments in animals may find a more 
limited application to the study of disease in the 
chronically enlarged heart. 

CAUSr.S OF HYPERTROPHY 

Numerous causes of cardiac hypertrophy 
have been recognized. Tlie more important 
are briefly discussed. 

Among causes of hypertrophy in tlie left 
%’entricle are arterial hypertension, aortic ste- 
nosis or regurgitation, interventricular septal 
defect, rarely chronic adhesive iiericarditis, 
and questionably chronic physical overexer- 
tion. In the right ventricle, hypertrophy is 
usually secondary to left yeiitricidar failtttc, 
but it also occurs in mitral stenosis, septal de- 


fects, and patent ductus arteriosus, and in tri- 
cuspid disease, chronic anemia, pulmonic re- 
gurgitation, and thyrotoxicosis. Both ventricles 
may be involved in so-called idiopathic 
hypertrophy of infancy and childhood. 

In the atria, hypertrophy is usually caused 
either by failure of the corresponding ven- 
tricle or by disease of the atrioventricular 
valve. 

The left ventricle is capable of undergoing 
greater hypertrophy than the other chambers. 
Ill it the greatest hypertrophy results from 
aortic valvular disease, particularly stenosis, 
and from long-standing systemic hyperten- 
sion. Lowe and Bate (1948b) encountered a 
heart weighing 2350 Gm. in a young man who 
dropped dead while dancing. It showed aortic 
stenosis and microscopic evidence of rheu- 
matic myocarditis and syphilitic aortitis. 

Coronary Atherosclerosis. Coronary athero- 
sclerosis may cause left ventricular hyper- 
trophy of mild or moderate degree (see page 
580). Contrary opinion is usually based on 
the possibility that unrecognized systemic 
hypertension may be responsible for hyper- 
trophy attributed to coronary disease. The 
frequent association of the two conditions is 
unquestioned. 

Clawson (1939) found, for example, that 45 
per cent of 928 patients showing coronary athero- 
sclerosis at autopsy had had hypertension. Never- 
theless, Friedman (1951) found an abnonnally 
great myocardial volume in 9 of 19 patients with 
coronary atherosclerosis wlio had not been hyper- 
tensive and Connolly and Littman (1951) found 
hypertrophy, defined as a ratio of heart weight 
to body weight greater than 0.5 per cent, in 28 
of 30 patients without hypertension in whom 
marked coronary atherosclerosis was found at au- 
topsy. The latter found hypertrophy in all of 21 
patients with both coronary disease and hyper- 
tension. In Uiese patients, weight of (he heart 
averaged one-third greater than in tlie patients 
with coronary disease alone. Jezer and associates 
(1953) concluded from a review of 8500 autopsy 
protocols that coronary atherosclerosis is not a 
cause of hypertrophy, but their re/ect/on of all 
cases showing nephrosclerosis may luve biased 
their results. Jones (1953) noted that m hyper- 
tensive patients hypertropfiy was less pronounced 
in instances where autopsy disclosed severe corg- 
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nary atherosclerosis. He was uncertain whether 
ni>ocardiaI ischemia caused by the coronary dis- 
ease prevented full development of hypertrophy, 
caused it to regress, or halted it by bringing about 
early death, but he regarded his observations as 
inconsistent with the view that hypoxia induced 
by coronary insufficiency is a cause of h>'per- 
trophy. 

Myocardial infarction is recognized as a 
cause of hypertrophy (Karsner, 1955, page 
414). Busch (1953) reported 4 cases of mas- 
sive infarction in w’hich hvpertrophy of the 
residual myocardium occurred in the free 
w’all of the ventricle but not in the septum. 
He thought that this represented a special 
form of myocardial enlargement and called it 
"vicarious hypertrophy.” 

Systemic Arterial Hypertension. Systemic 
hypertension is the commonest cause of left 
ventricular hypertrophy and, except fox aortic 
valvular disease, is responsible for the greatest 
degree of hypertrophy. Jones ( 1953 ) weiglied 
the free walls of the ventricles in 130 in- 
stances of hypertension and found tliat, in 
general, left ventricular hypertrophy was 
greater with greater mean elevation of blood 
pressure. Hypertrophy seemed to progress 
even after the onset of heart failure. In cases 
of long standing, slight hvpertrophy of the 
right ventricle may also occur, even in the 
absence of failure. With failure, right ventric- 
ular hypertrophy may be pronounced and, 
according to Jones, is roughly proportional 
to tlie duration of failure. 

Cbnically, h>pertcnsion may persist for long 
periods without causing detectable enlargement. 
Klcinfeld and Redish (1932) reported 45 cases 
in which diastolic blood pressure had been above 
90 mm. for 3 to 20 >cars and in which satis- 
factory height-weight data and repeated roent- 
genognims of the heart were available. Thc>- 
found that the size of the heart was within nor- 
mal limits in 29 of the group at the lime h)'pcr- 
tension was discovered and in 11 remained so 
throughout tlie penod of observation. Of the 16 
patients showing enlargement initially, no progres- 
sion of enlargement was detected in 7. Five, of 
14 patients in whom congestive failure occurred. 
Iiad normal heart shadows both before and after 
failure. Size or dunge in size showed little cor- 
relation with cither the duration or the degree of 


hypertension. Although these results seem to 
indicate that hypertension does not regularly 
cause hypertrophy, it is more probable lliat a dif- 
ference of a few millimeters in the thickness of 
the myocardium, which would represent a con- 
siderable difference in its weight, cannot always 
be detected during hfe. White (1951) Kis 
pointed out that, in a large man, the heart may 
not appear enlarged on clim’cal study even tliougli 
It proves to weigh as much as 425 Cm,, tliough 
serial roentgenograms increase the likelihood of 
detecting enlargement. \\'hen dilatation is also a 
factor, enlargement is recognized sooner, but in 
hypertension dilatation is often a late develop- 
ment. Rarely autopsy discloses no hypertrophy 
in patients known to have had hypertension 
(Cross and Jezer, 1949). 

As seen at autopsy, hypertrophy caused by 
hypertension has no distinctive features. It is 
more likely, however, to be of the concentric 
type, i.e., witlvout accompanying dilatation, 
than is the hypertrophy associated with other 
disorders. Slight endocardial tliickening and 
myocardial fibrosis are commonly seen, and 
the latter may be increasingly prominent in 
the higher grades of hypertrophy. Accom- 
panying coronary arteriosclerosis may be the 
principal factor in the production of these 
lesions. 

Pulmonary Hypertension and Cor Pulmo- 
nale. Pulmonary hypertension is the com- 
monest cause of right ventricular hypertrophy. 
Usually the result of left-sided heart disease, 
particularly mitral stenosis and left ventric- 
ular failure, pulmonary hypertension may 
occur also in congenital defects that divert 
blood under systemic pressure into the pul- 
monary circulation and in disease of the lungs. 
When disorders originating in tlie lung give 
rise to right v'entricular liypcrtrophy, dilata- 
tion, or failure, the clinical condition is called 
pulmonary heart disease, or cor pulmonale. 

As in the left ventricle, hypertension causes 
no distinctive enlargement or microscopic 
change in the right ventricle. Clinically, en- 
largement usually becomes apparent when 
pulmonary blood pressure is about twice nor- 
mal, but owing to tlie form of the right ven- 
tricle, a considerable degree of hypertrophy 
or dilatation may occur wiUiout appreciable 
change in its external configuration. Tlie right 
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ventricular hypertrophy is often greater in 
pulmonary disease, however, than in enlarge- 
ment secondary to disease of the left side of 
the heart. It is said that if both ventricles are 
hypertrophic in the absence of mitral stenosis, 
congenital defects, or pulmonic stenosis, a 
right ventricular weight greater than one-half 
that of tile left ventricle signifies some degree 
of pulmonary heart disease. 

In recent years, improvement in diagnostic 
methods has increased the recognition of pulmo- 
nary heart disease; improvement in therapeuticss 
lias also increased its incidence since more pa- 
tients with pulmonary disease live long enough for 
the heart to be affected. Functionally, the re- 
sponsible pulmonary disorders are characterized 
as a group by their interference witli exchange of 
gases behveen blood and air in the alveoli. Im- 
mediate factors are the pulmonary hypertension 
and such secondary influences as anoxia, increased 
blood volume, polycythemia, increased cardiac 
output, and disordered breathing mechanics 
(Richards, 1957). Morphologically, the lungs 
may show lesions suggesting a reduction in vascu- 
lar bed and in alveolar tissue. Depending upon 
the disorder, the pulmonary lesions include dif- 
fuse emphysema, fibrosis, and chronic and acute 
inflammation — the last because acute respiratory 
infection is often the precipitating factor in fatal 
cardiac failure. Vascular lesions include old or 
recent thrombi, intnnal or medial thicbening of 
smaller vessels, and atheromatous plaques in main 
arterial branches. 

Frequently, the correlation is poor betiveeti 
cardiorespiratory embarrassment observed clini- 
cally and pulmonary lesions observed postmortem. 
McKeown (1952) has pointed out that similar 
lesions may be observed botli in the presence and 
in the absence of a history of preceding pulmo- 
nary heart disease. It is postulated that hypoxia 
causes vasoconstriction which in turn contributes 
importantly to the development of pulmonary hy- 
pertension. Clinical evidence for tins effect of 
hypoxia consists of a rough parallelism between 
the degree of hypertension and the degree of 
hypoxia, and the tendency for pressure to fall 
with relief of hypoxia (Richards). It may be, 
therefore, Uiat the presence or absence of vaso- 
constriction during life accounts for some of the 
discrepancies between clinical signs and morpho- 
logic observations. 

The puhnanary disorders mast commonly re- 
sponsible for chronic hypertension and right ven- 


tricular hypertrophy are chronic pulmonary 
emphysema, chronic bronchiectasis, bronchial 
asthma, pneumonoconiosis, tuberculosis, and the 
pulmonary effects of kyphoscoliosis. Disorders 
less commonly reported are sickle cell anemia, 
schistosomiasis, sarcoidosis, scleroderma, embo- 
lism by multiple small emboli, and various fibrotic 
lesions of uncertain etiology. Rarely chronic cor 
pulmonale may develop also in a patient who sur- 
vives a massive embolus in tJie main branch of a 
pulmonary artery. Cor pulmonale of necessarily 
shorter duration occasionally appears in a patient 
with diffuse pulmonary vascular spread of meta- 
static tumor, among which carcinoma of the 
stomach is noteworthy. Acute cor pulmonale is 
usu-tHy the result of a sizeable pulmonary embo- 
lism that is not immediately fatal. 

Hypertrophy in Infancy and Childhood. 
In most instances, cardiac enlargement in the 
early years of life is the result of congenital 
structural defects. A number of instances of 
enlargement were once placed also in a cate- 
gory called "congenital idiopathic hyper- 
trophy.” Most of the cases formerly so classi- 
fied can now be identified as examples of 
glycogen storage disease, idiopathic myocar- 
ditis, subendocardial sclerosis (endocardial 
fibroelastosis), medial necrosis of coronary ar- 
teries, or aberrant coronary artery (Rosen- 
baum et al, 1953). The prenatal origin of 
some of these conditions is apparent from 
their nature or from their discovery shortly 
after birth. In some instances, similar lesions 
discovered later in infancy or in early child- 
hood are assumed, tlierefore, also to be of 
congenital origin. 

Idiopathic Hypertrophy in Adults. In occa- 
sional instances, cardiac enlargement occurs 
in later childhood and adult life in the ab- 
sence of any presently recognized cause of 
heart disease. A greater incidence lias been 
noted in men than in women, and in young 
adults than in older persons. The myocardium 
has been variously described as showing no 
diange, vacuolization of fibers, focal necrosis, 
slight inflammation, and minute scars. Mural 
thrombosis has been frequently noted, to- 
gether with embolization in various organs. 
Death usually occurs in congestive heart fajj- 
iira The clmical histor}’ has not seemed to 
be relevant in any instance. (See reviews of 
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Norris and Pole, 19-J6; Scrbin and Chojttacki, 
1955.) 

Both in cliildrcn and adults, rcfinctncntsiti diag- 
nosis have reduced the nuniber of liearts that 
must be relegated to the catcgor>' of idiopathic 
h>'pertrophy. Thomas and associates (1951), for 
e.xamplc, rcsicued 10,000 autopsies and found 24 
instances in which dilatation or h>pcrttuphy was 
not associated w-illi a clearly defined entity. On 
reexamination 2 of these showed no distinguishing 
characteristics other than the enlargement, a third 
showed "a tremendously dilated paper-thin \cn- 
triclc" without hspertrophy, similar to a rem.'itk- 
ablc case first mentiuned by Osier and more re- 
cently described by Segal (1930). and a fourth 
showed giant-cell ni>ocarditis. The remaining 
20, from infants, diildren, and adults, showed 
endocardial fibroelastosis with or without patchy 
myocardial fibrosis. The authors believed llut 
since Uie lesions were similar in all 20, they were 
probably congenital in all. 

Physical Activity. Tlie observation of car- 
diac hypertrophy in experimental animals 
after prolonged severe physical exertion sug- 
gests that hypcrtropliy of similar origin can 
occur in man. Tliat strenuous sports or pro- 
longed hard work causes such enlargement in 
healthy persons is uncertain, however. Tlicrc 
is uncertainty, too, w’itli respect to the cflfccls 
of physical activity on cardiac size in in- 
stances of previous or concurrent heart dis- 
ease and on the development of heart disease 
subsequent to a period of unusual c.xcrtion. 
The view that large hearts are necessarily dis- 
eased may be a source of bias. Tlic basic diffi- 
culties lie in definition of the normal heart 
and in selection of suitable subjects for study. 

Pathogenesis of Hypcrtropliy. In general 
usage, an increase in tlie mass of the myo- 
cardium is termed hyperfropJuj. Few en- 
larged hearts are now classified as examples 
of “idiopathic hypertrophy," but ev'cn in in- 
stances in which a given condition seems 
clearly to initiate hypertrophy, the precise na- 
ture of tlie stimulus remains in doubt and Uie 
ensuing events are largely unknown. A cur- 
rent theory is tliat hypertrophy is tlie result 
of increased myocardial work; another theory 
is that hypertrophy is the result of cardiac 
dilatation. 

Tlie “work tlieory” is based on the common 


observations that in many conditions associ- 
ated with hypertrophy the heart eitlier per- 
forms increased work or axpends increased 
energy to accomplish a given amount of work, 
and that those cliambers are enlarged in 
which the work-load is increased. Thus, 
hypcrtropliy occurs with increased cardiac 
output in arterio-venous fistula; with increased 
resistance to circulation in hypertension; with 
increased filling of a chamber in valvular in- 
sufficiency or septal defect; and with iii- 
CTcased rigidity of the cardiac wall in fibroUc 
lesions. Similarly, dcstnictiun or injury of 
myocardial fibers in myocardial infarction is 
followed by liypertrophy of those fibers re- 
maining. Furthermore, when the work-load 
is decreased, hypertrophy may regress. 

Tlins. Matas and Hcnfngcr (1939) observed 
regression of presumed hypertrophy following 
removal of a cavernous hcnungioma, and Slialf- 
tier and Uradsliaw (1930) found that the size of 
myocardial fibers in dop diminished following 
closure of an arterio-venous fistula which had in- 
duced hypertrophy. 

A corolbry of llie "work theory* is that hyper- 
trophy is compensatory in tliat it permits the 
heart to overcome liandicxips imposed by disease. 
This view has been questioned in a provocative 
review by Grant ( 1953a). It has not tx'cn proved 
Uut hypertrophic cardiac muscle is stronger Uian 
the normal myocardium. Patients who survive a 
sudden great increase in cardiac work, os in rup- 
ture of a valve leaflet, show no notable improve- 
malt with the development of hypertrophy, and 
the few hypertensive patients who fail to develop 
hypertrophy seem to fare no worse than those 
whose hearts enlarge. Evidence that the blood 
supply of tbc heart is potentially inadequate 
(Roberts and Weani, 1941) also casts doubt on 
the compensatory nature of hypertrophy. 

The theory that dilatation is the cause of 
hypertrophy is based on the observation that 
cardiac dilatation commonly precedes hyper- 
trophy. In human cardiac disortlers of short 
duration, an enlargement is likely to be the 
result of dilatation, whereas in cluouic dis- 
orders, the heart is usually' hypertrophic. 

A similar sequence of dilatation followed by 
hypertrophy has been reported in animals in 
which aortic stenosis or arterio-venous fistula lias 
been produced (Eyster, 1927; Holman, 1937). 
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Various suggestions have been made as to how 
dilatation might induce hypertrophy: that the 
elongated fibers in a dilated heart have a greater 
surface area relative to their volume, thereby 
facilitating surface reactions and the entry of 
nutrients, that the requirement for increased en- 
ergy which elongated fibers expend in accordance 
with tlie law of the heart stimulates hypertrophy; 
that stretching of the fibers is the stimulus for 
their enlargement, and that the stretching is 
actually injurious and the injury initiates hyper- 
trophy, even if the dilatation itself should sub- 
side. The view that injury is the stimulus to 
hypertrophy was advocated by Eyster and his 
associates (1927, 1928) who produced temporary 
dilatation of the heart in dogs and reported vacu- 
olizahon of myocardial fibers and subsequent 
hypertrophy. Later work, however, has not con- 
firmed these observations (Kerr, 1957). 

Tlie most cogent objection offered to dila- 
tation as the cause of hypertrophy in man is 
that hypertrophy may occur without evidence 
of preceding or accompanying dilatation. 
Particularly in hypertensive patients without 
congestive failure, there may be no clinical 
evidence of dilatation, and autopsy may show 
only hypertrophy. At present it appears that 
bodi dilatation and hypertrophy are responses 
to cardiac stress, mediated in an unknown 
fashion, and that dilatation is commonly the 
earlier and more rapid; and that a causal re- 
lationship between the two responses has not 
been established. 

Hyperplasia of Myocardium. There is no 
doubt that individual myocardial fibers are 
enlarged in cardiac hypertrophy. There is a 
strong possibility that an increase in the num- 
ber of myocardial fibers also may contribute 
to an increase in myocardial mass, but neither 
qualitative nor quantitative evidence pres- 
ently available is conclusive. Mitosis of myo- 
cardial nuclei has rarely been observed after 
early infancy and has not necessarily been 
associated with cardiac liypertrophy (Herzog, 
1924; MacMahon, 1937; King, 1940). If hyper- 
plasia occurs, therefore, it must be presumed 
to be associated with amitotic nuclear di- 
vision, but qualitative nuclear changes (de- 
scribed under Histology of Enlarged Heart, 
page 537), suggestive of such division, are not 
unequivocal. Division of the fibers has been 


thought to occur through longitudinal split- 
ting, which may begin at points of anasto- 
mosis, but histologic evidence of tliis process 
is not clear-cut. Quantitative changes indica- 
tive of myocardial hyperplasia are described 
below, but sucJi changes, revealed by enumer- 
ation or measurement of myocardial fibers, 
have necessarily been observed only in small 
myocardial samples wbidi may not have been 
representative of the hearts from which they 
were obtained. Furthermore, the approach to 
quantitative investigations has been based on 
the belief that cardiac muscle is a syncytium 
of anastomosing fibers without division into 
separate cells and hence without measurable 
length. As a result, it has been necessary to 
make assumptions as to one or more dimen- 
sions of cardiac fibers which may not be 
justifiable. The studies of Sjbstrand and An- 
derson (1954) with the electron microscope 
indicate that Uie intercalated disks represent 
cell boundaries in cardiac muscle. 

Karsner and associates (1925) compared a 
normal heart weighing 300 Gin. and a hyper- 
trophic heart weighing 500 Gin. with respect to 
breadth and number of fibers in microscopic sec- 
tions of known area and depth. They found that 
the average breadth of fibers in Uie heav’ier heart 
exceeded that of fibers in the smaller heart in 
nearly the same proportion tliat the weight of 
the heavier heart exceeded that of the smaller. 
By assuming that mj'OcarxJrjl /rbe« ivere rectan- 
gular structures of which tlie length and thick- 
ness were defined by the lengtli and depUi of the 
microscopic sections, Karsner and his assocl.ites 
were able to calculate the total fiber content of 
the 2 hearts from the known volume of the 
microscopic sections and tiie a\erage number of 
fibers per section. The two totals differed by only 
about 5 per cent. The results indicated, there- 
fore, that there had been no appreciable multi- 
plication of fibers in the hypertrophic heart and 
that an increase in the breadtli of existing myo- 
cardial fibers accounted for the hypertrophy. 

In a similar study, Loue and Bate (1948a) 
compared hvo hypertrophic hearts weighing 507 
Cm. and 830 Cm. They found that although the 
fibers were wi’dcr tliaii nonnal, tlie average width 
was the same in the 2 hearts despite the diiler- 
ence of nearly 300 Cm. in their weight. They sug. 
gested that the larger heart might have had a 
higher content of water or of connective tissue. 
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In a subsequent study of a heart \\cig)ung 2380 
Cm., Loue and Bate (1948b) concluded Out tire 
myoc.irdial fibers were far too iwrrow to account 
for the weight of the heart if it were assumed 
that it contained the same number of fibers as a 
nonnal heart. Histologically, many fibers ap- 
peared to have split lengthwise and pairs of 
closely juxtaposed nuclei were numerous. Tlie 
authors concluded Uial h>-perplasia of in)-ocardial 
fibers must ha\e occurred. 

In 1947, Linzbach developed an equation for 
predicting the size of myocardial fibers rcIaU\c 
to myocardial weight, and he and his colleague, 
Hcnschcl, applied the equation to massive data 
on enumeration and measurement obtained from 
fibers of hearts weighing 45 to 1120 Cm. They 
reached Uie conclusion that beyond early diild- 
hood, all nonnal and moderately hypertropluc 
hearts contain the same number of fibers and the 
length of the fibers \-arics proportionately with 
Uieir diameter, but tliat in Ixighcr grades of hyper- 
trophy (above a weight of 430 to 500 Cm.) 
multiplication of fibers occurs in some hearts 
(Linzbach, 1947, 1930, Hcnschcl, 1932). The 
results of an enumeration of myocardu) nuclei 
were consistent wntii these conclusions. In addi- 
tion, Hcnschcl found that Uie incidence of double 
nuclei w’as significantly greater dian normal in 
hearts dial were hyperplastic according to Linz- 
bach’s equation. 

There appears to be no significant disagree- 
ment In die data of the three investigations just 
described. Linzbach and Hcnschcl found no evi- 
dence of appreciabre hyperplasia m fiearts weigh- 
ing 500 Gm. or less, and in this respect their 
results agree with those of Karsiier and assoa.ilcs 
In hearts weighing more than 500 Gm.. Linz- 
bach and Henschel did find evidence of hvpcr- 


plasia and here dicir observations agree with 
those of Lowe and Bate. 

With respect to the functiun.iI signj^cance 
of, myocardial hyperplasia in carduc hyper- 
tropliy, it might be supposed that the splitting 
of fibers would facilitate e.vchange of materials 
between fibers and capillaries. The c.vchangc 
might be supposed to }>e further improved 
should capillary hyperplasia also occur. Rob- 
erts and Wearn (lOH) found a capillary'- 
filicr ratio of 1:1 in hearts of widely varying 
weight. Hort (1953) confinned this obsen’a- 
tion in liearls which were hyperplastic ac- 
cording to Linzbach’s equation. He concluded 
that, on a capillary' level, hyperplasia of the 
myocardium is associated witli an anatum- 
Ically improved blood supply. 

Tlie evidence with respect to hyperplasia 
of myocardial fibers and of capillaries, to- 
gether with the results of histologic c\amina- 
tion, has led Linzbach to regard a cardiac 
weight of 500 Gm. as a "cTilical weight.” He 
believes that in hearts exceeding this weight, 
either tlie heart became hyi>crplaslic and 
thus able to remain for a time in a good 
functional state despite continued increase 
in mass, or the myocardium developed 
progressively severe hypo.xic lesions with con- 
sequent cardiac dilatation unJ failure. Ac- 
cordJng to this concept. It is oniy nilh the 
onset of hyperjilastic or hypoxic clungcs 
that cardiac hypertrophy can be regarded as 
truly pathologic. 


THE EFFECT OF AGhNG ON THE HEART 


It is difficult to separate the tissue dianges 
produced by aging from tlie pathologic monu- 
ments of diseases which may have been pres- 
ent earber in life. One cannot easily escape 
die conviction diat in this field vve arc em- 
ploying methods similar to diose of the arche- 
ologist and that much of the evidence is 
necessarily circumstantial. It is not justifiable 
to attribute the lesions found at autopsy in 
old people to age alone, unless the effects of 
previous disease can be excluded vvidi cer- 
tainty. This is a point wliich many audiois 


overloolc. What is needed is not only a careful 
study- of persons dying accidentally, but aLo 
a critical clinical and pathologic study' c.\tciid- 
ing over die entire lifetime of selected groups 
of individuals. Obviously this would be a 
difficult undertaking. 

Kanner’s paper (1940) on the subject is die 
most critical and his remarks are worth quoting: 

*Trhe pathologist rarely sees an autopsy upon a 
person dead of old age. In 400 autopsies upon 
persons over 65 jears of age, Aschoff found no 
deaths attributable solely to old age (marasmus 
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senilis, ‘Altersschwache’). . . . We have no record 
of it in more than 19,000 autopsies on people of 
all ages. . . . The changes often attributed to 
involution may be, m part at least, tlie sequels 
of disease long past. 

“There have been various studies of the effects 
of aging upon the heart Monckeberg quoted 
French authors to the effect that it is enlarged. 
Duthoit, Waremboiirg and Pmchart stated that 
this is true roentgenologically. W. Muller is said 
to have found that the highest average weight of 
the heart is in the seventh decade. It is prob- 
able, however, as Monckeberg suggested, that 
these studies have failed to take into account the 
effects of hypertension. Aschoff, as the result of 
Ill's observations, stated that the weight of the 
heart does not vary significantly from the normal. 
Kirch described a reduction in the size of the 
heart especially in its infrapapillary or apical por- 
tion. Aschoff agreed that this is true, but attri- 
buted it to reduction of coronary blood supply, 
rather than the effect simply of involution. Kirch 
disbnguished beriveen the gross appearance of 
senile atrophy and ‘cachectic’ atrophy, but the 
differences are not significant, ^^onckeberg, in 
particular, drew attention to the similarities of 
so-called senile atrophy and that which is a part 
of the general atrophy observed in nutritional 
edema. The conduction system does not share 
in the atrophy. It has been said that the heart 
weight: body ratio is reduced. In old age, how- 
ever, the wefglit of the body is often altered by 
atrophy of skeletal muscle, of fat and bone, so 
that the ratio is not altogether dependable. Kirch 
stated that the atria and the four valvular ostia 
are enlarged, and also that the mitral leaflets 
bulge toward the atrium in umbrella-like fashion, 
especially between the attachments of the chor- 
dae tendineae. 

CARDIAC 

The pathologic physiology of the condition 
and its manifestations in other organs or tis- 
sues are discussed in Chapter V. 

The commonest conditions in which conges- 
tive failure occurs are valvular defects, particu- 
larly of the mitral and aortic waives, chronic 
arterial hypertension, and myocardial infarction 
following coronary occlusion. Less common but 
important are severe rheumatic carditis, thy- 
rotoxicosis, chronic pulmonary disease, con- 
genital defects, anemia, and prolonged tach>cardia. 
Infrequent or rare causes are arteriovenous aneu- 


‘This last change is occasionally found in per- 
sons of earlier life, when it is interpreted as due 
to disease and usually a disease that can be 
recogruzed, the same disease may have lost its 
identifying features in the aged. This can also 
be said of increased depth of the sinuses of Val- 
salva and enlargement of the corpora arantii. 
Karsner and Koletsky and others have found that 
calcific sclerosis of the aortic valve is almost al- 
ways due to inflammatory lesions especially those 
of rheumatic fever, rather than to aging. Gross 
thought that coronary anastomosis increases with 
age, but Blumgart, Schlesmger and Davis re- 
lated this change to disease rather than to 
age. 

“Aficroscop/e examination yields little, if any, 
further information. What has been said above 
about atrophy is equally applicable here. It is 
said that the pigment in the fiber cells increases 
with age. Monckeberg quoted Lubarsch as hav- 
ing seen out-spoken brown atrophy in patients 
dead of inanition at from 25 to 89 years, and 
Prym as finding no real diffeience in this respect 
between the condition in old age as compared 
with inanition. There is no convincing evidence 
that this Abnutzungspigment is due to wear 
and tear or to disease. It is, however, a combi- 
nation of lipid and pigment and is introduced in 
part at least in food, and the longer a man lives 
the more he may absorb. 

“Miller and Perkins reported, on the basis of 
histological methods, that die heart of the aged 
shows an increase of elastica, but tlicir method 
and the small number of observations do not 
provide convincing evidence. Aschoff quoted 
Kondolini as having found an increase of elastica 
in the nodes of tlie conduction system, but this 
also requires confinnation.” 


FAILURE 

rysm, cardiac trauma, tlioracic deformities, ex- 
ternal pericardial adhesions, tumors, and malnu- 
tntion (White, 1951). The onset of congestive 
failure is frequently precipitated by a compli- 
cating condition which cither injures the heart 
directly or increases its work-load. The com- 
monest precipitating factor is infection, such as 
respiratory infection, whicli may cither involve 
the heart directly as in m>ocarditis or endocardi- 
tis, or indirectly. OUier precipitating factors are 
reduced coronary blood flow from any cause, 
changes in cardiac rate and rh>tlun, prcgiuncy 
and childbirth, hcmorrliagc, anemia, tronsfusioof 
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and inrusions, pulmonary embolism, and ph>sical 
and emotional stress. 

At autopsy of patfents who have died of 
congestive failure, enlargement of the heart 
is an almost constant finding. Dilatation is 
the rule and hypertrophy may be present if 
heart disease is of more than a few weeks' 
duration. Neither the size of the heart nor 
any other morphologic feature is specific evi- 
dence of failure; the same lesions may be 
seen in hearts which have not failed. 

Failure of Uie heart may also occur in the 
absence of the congestive syndrome. Such failure 


is abnipt in onset and .short in diirjUon, and its 
clTects are principally those of in.idc<iuatc blood 
supply to such vital structures as the brain and 
die heart itself. If the patient survives, he may 
develop congestive fnilure. Autopsy in in.vtanees 
of acute failure may show dilatation of the right 
ventricle but there .ue no changes that can be 
regarded as diagnostic. A common cause of acute 
failure is sudden alteration in rhythm. Other 
causes inchule acute cardiac iiiiury, as in myo- 
cardial infarction, diphtheritic necrosis or rupture 
of a valve, and sudden mechanical Iiindrancv to 
cardiac output, .is in cardiac tamponade, massive 
puliiioiiary’ embolism, and obstruction of a valve 
orifice by a tlirombiis. 


CARDIAC CHANGES IN SHOCK 


In dogs it has been shown that shock may 
cause focal loss of striations, cosinoplrilia of 
the cytoplasm and pyknosis of the nuclei of 
myocardial fibers within 24 hours. After 2 to 
7 days, gross lesions appear which are scat- 
tered, yellow or gray and occur most often 


beneath the endocardium. In these areas ccr* 
tain filmrs arc necrotic and others show fatty 
changes. Usually an acute inflammatory ex- 
udate is also present. Rnrdctte (1051) has 
demonstrated profound changes in the me- 
tnlmlism of the cardiac muscle. 


EFFUSIONS IN PERICARDIAL SAC 


Hydropericardium. The pericardial sac 
normally contains clear, w-atery’, pale yellow 
fluid having a low concentration of protein 
and a low specific gravity. When the fluid 
exceeds 100 ml., the condition is known as 
hydropericardium. Such fluid transudate is 
to be distinguished from serous or other ex- 
udate occurring in pericarditis. 

As part of a general tendency to accumulation 
of fluid in tissues and serous cavities, hydroperi- 
cardium occurs most commonly in congestive 
heart failure. It is also seen, however, in sub- 
acute glomerulonephritis, nephrosis, myxedema, 
and benberi. Perhaps as a manifestation of nu- 
tritional hypoprotememia, excessive pericardial 
fluid may occur late in the course of wasting 
diseases. Local impairment of venous flow may 
result in hydropericardium, as when mediastinal 
tumors or inflammations compress or obstruct 
the veins draining the pencardiiim. 

Tlie effects of hydropericardium depend 
upon the amount of fluid and particularly 
upon tlie speed with which it develops. The 
normal pericardial sac is capable of expand- 


ing to bold a liter ur more of fluid witliout 
exerting a serious compressive effect on the 
heart or on the veins entering the heart, pro- 
vided the acaimulation is slow. But if the 
accumulation is rapid, a few hundred milli- 
liters may exert severe or fatal compression 
(cardiac tampon.ide) by restricting the filling 
of cardiac chambers and diminishing venous 
flow within the sac. If the parietal pericar- 
dium is already thickened by disease, com- 
pressive effects will be produced by slower 
or smaller accumulations of fluid. 

Hemopcricardium. Tlie escape of unmixed 
blood into the pericardial sac lias effects sim- 
ilar to those of hydropericardium, but since 
hemorrhage is likely to be both faster and 
more abundant, cardiac tamponade is more 
likely to occur. Causes of hemopcricardium 
include direct trauma, rupture of pericardial 
vessels, ruiiturc of the heart, and rupture of 
the intrapericardial portions of great vessels. 
Minor hemorrhages may occur in metastatic 
tumor of the pericardium or as part of an 
inflammatory exudate. 
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Pneumopericardium. Air may enter the peri- 
cardial sac and occasionally may cause car- 
diac compression. The usual means of entry 
is through traumatic perforation of the parie- 
tal pericardium. In the event of such per- 
foration, the presence of air is likely to be 
obscured by other effects of the trauma. Air 


may also be introduced into the pericardial 
sac, intentionally or by accident, in the 
course of therapeutic procedures. Perfora- 
tion of a neighboring air-containing organ 
into the pericardial sac has also been re- 
ported (Harp and Peeke, 1949). 
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M ohe people die from coronary alhero- 
sclcrosis tlian from any otlicr disease. 
As man’s life-span lengthens, the relative in- 
cidence of disability and the death rate from 
this cause continue to increase. It is en- 


couraging, therefore, to note that increasing 
study is being tlcvotcd to the causes, tre.it- 
ment and prevention of corunarj’ disease. 

•Assisted by George F. Wagman, Pathologist, St. 
Joseph's Hospital, Brantford, Ontario. 
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Galen ( 138-201 A.D. ) Erst applied the 
name coronary to the larger arteries of the 
heart which externally partially ring the base 
of the ventricles, somewhat like a crown 
(corona). Lobstein (1833) coined the term 
“arteriosclerosis.” 

The first correct diagnosis of coronary throm- 
bosis made during life and \erificd at autopsy 
was reported by Hammer m 1878. His patient 
collapsed after an illness of 24 hours. Autopsy 


disclosed closure of the ostium of the right coro- 
nary' artery by thrombotic masses which had tlicir 
origin from the right aortic cusp (embolic bac- 
terial vegetations). Dock (1896), Obrastzow and 
Straschesko (1910) and Hochhaus (1911) also 
reported instances of coronary occlusion recog- 
nized during life; but the classic description of 
clinical “coronary thrombosis" uith substantiation 
at autopsy was published by Herrick in 1912 (see 
historical aceount, page 13). 


CORONARY ARTERIES 


Anatomy of the Coronary Arteries. The 
coronary arteries are arteries of the fourth 
order, their caliber corresponding to that of 
tlie distal portion of the radial arteries. For 
the gross anatomy of the coronary arteries, 
see Chapter III, page 208. The coronary ar- 
teries are of muscular type (Wolkoff, 1929; 
Benninghoff, 1930), showing a sudden transi- 
tion from the aorta which is an elastic artery. 
After infancy, the inlima contains a subendo- 
ihelial layer of connective tissue, next to 
which is a prominent elastic-hyperplasUc 
layer and external to the latter, a musculo- 
elastic layer. The media is composed of cir- 
cularly-disposed muscular fibers which arc 
accompanied by elastic fibers. Tlie clastic 
fibers are delicate in the inner half of the 
media and coarse in the outer half. No dis- 
tinct elastica externa is present. The adven- 
titia is composed of collagenous and elastic 
fibers and is not well developed. The coro- 
nary arteries are riclily supplied with vasa 
vasorum. The coronaries, thus, are character- 
ized by the thickness of the intima, a well- 
developed muscular media and a thin ad- 
ventitial laj'er. The increase in intimal tliick- 
ening affects particularly the first portion of 
the coronary arteries, tlie first portion of the 
main branches of the left coronary, and the 
main branches at tlie sites of origin of sec- 
ondary brandies. In comparing the main 
stems of the two coronary artenes, the left 
artery has an intiraal connective tissue layer 
that is less well developed than the right 
artery, and elastic-hyperplastic and elastic 
muscular layers that are better developed, 
while its media contains relatively more and 


coarser elastic fibers (Benninghoff). It is be- 
lieved that in the development of atheroscle- 
rosis. the initial deposit of lipoid material 
takes place primarily in tlie clastic-hyper- 
plastic layer. Tills change is succeeded by 
connective tissue proliferation, formation of 
collagen or liyaline connective tissue, and cal- 
cification. 

Difference, in Sexes, in Coronary /Vrtcries 
of Newborn. Dock (1946) studied sections 
of tlie main coronary arteries of 12 newborn 
infants of each sex. He found that, on the 
average, the thickness of tlie intima in males 
was 26 per cent of that of tlie entire vessel, 
while in females it was but 8 per cent. He 
concluded that (his difference in structure 
serves to explain the sex difference in inci- 
dence of coronary occlusion in later years of 
life. 

His findings uere confirmed by Fangman and 
Hellwig (J947) and Afmkowsli (1947). Wiiens 
(1931) also suggested that the diffuse overgrowth 
of intimal tissue which occurs early in life is 
related to the same mechanism tliat eventually 
leads to formation of atherosclerotic plaques, 
chiefly because both changes commonly develop 
at the same sites of affected arteries. Schomagel 
(1956) studied sections of the first 2 cm. of the 
ramus interventricularis anterior. In 28 newborn 
infants up to 24 liours old, lie obtained some 
confimiation of Dock’s findings. In 60 infants 
ranguig from 1 day to 1 >ear of age, however, 
be found no significant difference in thickness of 
the intima in the two sexes. 

Tlius, it is currently believed that in tlie 
newborn, particularly in the male, tlie clianges 
in the intima, represent the earliest stages 
of atlierosclerosis. 



ATHEKOSCLEROSIS 


Changes in Coronary Arteries Attributable 
to Age. Moon (1957) could demonstrate no 
lesions of the coronary arteries in fetuses 3% 
to 9 months of age. In newborn infants he 
observed rupture and fragmentation of tlie 
internal elastic layer, associated with deposi- 
tion of acid mucopolysaccharide, fibroblastic 
proliferation, and occasionally endothelial 
proliferation. These processes often recurred 
and were followed by regeneration of tlie 
internal elastic layer. 

The principal cliange in the coronary ar- 
teries attributable to age is a thickening of 
the intima (Wolkoff, 1929). The thickness of 
the intima of the coronary arteries exceeds 


tiiat of other muscular arteries and is related 
to the special mechanical factors, such as 
pressure and tension, to which the coronary 
arteries are subjected. At birth, the intimal 
layer is relatively tliin and consists of a single 
well formed layer of elastic fibers (louiella 
elastica interna) which is covered by a layer 
of flat endothelium. In childhood, the thick- 
ness of the intima is about equal to that of 
the media; during the third and fourth dec- 
ades, intimal thickness becomes maximal; in 
middle age and in old age, the intima is sev- 
eral times as thick as tlie media (Figure VIII- 
1). This thickening chiefly involves the first 
portions of the main vessels and the sites of 


b; ff 






Figure Vlll-l. Sections of main coronary ailcry fnHn ptticnU of diirtrtnt ages, to show rdatne 
tliickncss of intima. 1 month, B, 0 moiitlis, C, 14 >ears, D. 33 >ears, 49 >curs. All figures, 
X 100. EUshca-xan Cicsnn. 
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Figure VllI-2. Heart and aorta uf man of 94. %lu>w> 
mg dilatabon r>f aorta %Natlt Ijiit mininul alliemscltf* 
roj,is. (WCGM, 49A 453 ) 


these vessels from which branches arise. It 
may begin to appear at btrlli or within a few 
months after birth. The thickening is brought 
about (1) by splitting of the internal clastic 
lamina from the internal limiting lamella, with 
the formation of a tnusculoelastic layer; (2) 
by splitting of the internal limiting lamella 
with formation of a prominent clastic-hypcr- 
plastic layer; and (3) by formation, in most 
cases, on the inner aspect of this hyperplastic 
layer, of a laijer of connective tissue. 

Bork (1926) observed splitting of Uie elastic 
layer of the intima in the >oungest patient he 
examined, age 1 month, he recognized the mus- 
culo-elastic layer as early as the sixth month of 
hfe and found the connective tissue layer to be 
well developed at age 15. Wolkoff (1929) found 
that after the hfteenth'>ear the subendothelial 
connective tissue becomes thicker, and within it 
there develops a longitudinal layer of smooth 
muscle. These changes in the intima, which are 
fully developed at 30 years of age, occur earlier 
and more prominently in the left coronary than 
in the right. With increasing age, the intima de- 
velops nodular thickenings, the media becomes 
narrower, the adventitia thicker. 


Cross and assoc-iates (1934) found atlicro- 
sclcrotic changes occurring chronologically in the 
following order: left .interior descending branch, 
left circumflex, right circumflex, and posterior ilc- 
sceiidiiig. They also demonstrated changes in the 
intrainyoc.irdiaI arteries which arc related to age 
<ind to location within the heart. These changes, 
which they called fihroclaitic metamorphosis, con- 
sisted of clastification of the media, elastic-hyper- 
plastic changes in the intima, fusion of these two 
layers, atrophy of smooth muscle fibers and de- 
velopment of irregular patches of connective tis- 
sue. With respect to time and frequency of 
appearance, these changes occurred earliest and 
oficnest at the following sites, in decreasing 
order: posterior papillary muscle of the left ven- 
tricle. inlervcntriailar scptiiin, left ventricle, pul- 
nmn.ir>' conus, and atria. 

Tlic most important change caused by 
aging of the arterial wall in the larger ar* 
(cries is a gradual tUfftise (lisienllon (Ophuls, 
19.33a). This results from progressive detcrio* 
ration of the clastic tkssuc and is not accom- 
panied by any characteristic histologic change. 
Tims, In Ibo prime of life, the circumference 
of the aorta at its root generally measures 
about 50 mm., but this increases to 70 or SO 
mm. or more with advancing age (Asclioff, 
1933a). The stretching of the wall occurs in 
n transverse as well ns in a longitudinal direc- 
tion and, .IS a result, the aorta hecomes wider 
and longer and assumes a tortuous course 
(Figure Vin-2). The tortuosity of the coro- 
naries may be accentuated by atrophy of the 
myocardium in old age and in wasting dis- 
eases. 

Aside from tins dilatation, the walls of the 
arteries increase in thickness, so that through- 
out life there is a constant increase in the 
total diameter of the coronaries as well as 
in the diameter of their lumina (Ehrich et al., 
1931). Microscopically, the media shows a 
constant increase in number and thickness of 
elastic fibers, and in number of nuclei. Tliese 
changes are progressive during succeeding 
decades, but are greatest in the first two dec- 
ades during the period of greatest growth of 
the arteries and of the heart. During this 
same period of growth, the intima shows its 
greatest grow'th in the musculoelastic layer; 
thereafter, the hyperplastic layer develops 
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progressively until tlie end of life, probably 
in response to meclianical factors. During the 
average span of life, the cross-sectional area 
of arteries increases 6 to 7 times and the num- 
ber of macroscopically visible arteries is 
doubled, the small branches increasing by 
approximately 80 per cent. The number of 
vessels distributed to the pericardial fat also 
increases with age. 

The observations of Lansing (1954) on hu- 
man material indicate tliat degeneration of 
the elastic tissue in the media of arteries is 
accompanied by calcification of the elastic 
tissue, is associated with age, and may occur 
without alheromata; and that \v}>en the two 
lesions co-exist, the cholesterol accumulates 
in the intima after the elastic tissue in the 
underlying media lias broken down. Lansing 
leaves open the question of the relation be- 
tween the elastic-tissue breakdown and the 
atheromata, and the possibility of a common 
factor being responsible for the production of 
both lesions. 

Aging of Myocardium, Cohn (1939) listed 
a tendency of the heart to undergo the fol- 
lowing changes with advancing age: increas- 
ing deposition of subepicardial fat along 
grooves of the coronary vessels, opacification 
of the pericardium especially over the base 
of the right ventricle, loss of softness and pli- 
ability of the valves (especially the aortic 
and mitral valves), and fibrous thickening of 
the left atrium and of the apices of the papil- 
lary muscles. Dock (1945) applied the term 
presbycardia to indicate myocardial senes- 
cence or that age has impaired the function 
of the heart even though there is no significant 
structural change. He believes that, in older 
persons without coronary atherosclerosis, this 
condition is often the basis for heart failure. 
Likewise, Harrison and Resiiick (1950) stated 
that clinically the term arteriosclerotic heart 
disease should be restricted to patients hav- 
ing angina pectoris or evidence of myocar- 
dial infarction and should not be applied to 
elderly persons suffering from heart disease 
and congestive failure u’ithout obvious cause. 
They believe that the aging myocardium 
undergoes involutionary changes for vvhich 
there is no recognized histologic basis and 


no known clinical defect; that these involu- 
tionary changes may lead to heart failure; and 
that this condition should be designated 
senile heart disease. This subject is in need 
of investigation. 

Blood Supply to the Heart. The distribu- 
tion of the coronary arteries is described in 
Chapter III (see page 110). According to 
Ehrich, de la Chapelle and Cohn (1931), the 
right coronary artery supplies the upper two- 
thirds of the ventral, the lateral and dorsal 
wails of the right ventricle, and the cephalic 
half of the mesial aspect of the dorsal surface 
of the left ventricle; the left coronary artery 
supplies the greater portion of the left ven- 
tricle (except for the cephalic half of the 
mesial aspect of the dorsal surface), the lower 
third of the ventral surface of the right ven- 
tricle and that portion which borders on the 
sulcus longitudinalis. 

Tlie ventral two-thirds of the interventric- 
ular septum and generally its apex are sup- 
plied by branches of the anterior descending 
ramus (ramus interventricularis anterior) of 
the left coronary, while its dorsal third, except 
for the apex, is nourished by branches of the 
right <H3ronary (Spalteholz, 1924). 

According to Amenomiya (1910), the left an- 
terior papillary muscle receives its blood supply 



Figure VIir-3. Itocntgcnogram of \entral 
view of injcctcU liuman heart in fourlti 
decade. (From The Blood Suvphj to the 
Ucart by Cross, 1921. Courtesy of Paul 
B. Ilocber.) 


560 


PATHOLOGY OF THE HEART 



Figure VIIM. Ilocntgcnograni of mitcUti hcail 
shoeing di&tnbutioii and direction of dotper dm»iom 
of coronary artcnc& (From GroNs Coiirt<'\y of Paul 
Q Hochcr.) 

only from a large braiicli of tlic antenur Je^ccnil- 
mg ra'mus, \sliile the left posterior papillary mus- 
cle receives blood from branches of both coro- 
naries; the large lateral papillary muscle of the 
right ventricle is supplied by both coronaries 
while the medial papillary bundle is supplied 
only by the right coronary. In most cases the 
postenor papillary muscle of the right \cnlnclc is 
supplied by the right coronary and, at least in 
part, by the left artery also (Spalteholz, 1924). 
Spaltebolz demonstrated in the papillary muscles 
at least two, and usually many, anastomosing ar- 
terial branches. 

In general, tlie right alriuvi is nourished by 
branches of the right coronary artery and the 
left atrium by branches from tlie circ«m0ex 
branch of the left coronary artery. Tlie siiio- 
atrial node is supplied by a branch of the 
right coronary artery in 60 per cent of cases 
and from the left, in 40 per cent (Cross. 
1921). The right coronary also supplies the 
atrioventricular node, tlie main bundle and in 
most cases the dorsal branches of the left 
butuUe. The right buiuUe receives its blood 
supply from tlie left coronary artery. The 
brandies of tlie right bundle are ordinarily 


supplied by both coronaries. In cases in 
whicli the posterior descending artery (ramus 
intcrvcntricularis posterior) arises from the 
left coronary (8 per cent of hearts), only this 
vessel supiilics branches of the right bundle. 

Types of blood vessels. Functionally, tlie 
coronary arteries are end-artcrics (Robb and 
Robb, 1912) but anatomically, in normal 
hearts, they possess anastomotic channels of 
less than 40 micra in diameter (Blumgart 
ctal., 1910). In addition to such anastomoses, 
other comnuinicalions include \cins, arterio- 
siniisouls, artcriolurninal vessels and thebesian 
veins, all of which communic.ite freely with 
capillaries (Wcam, 19-11), (Sec Figure HI- 
18.) 

Iviporiance of luminal vessels. Much of our 
knoivledge of the anatomy of these \csscls has 
been acfiuired by the injection methods of Cniss 
(1921, Figures VlJI-3 and VIIM), Spalteholz 
(1921) and Schlesinger (1938, 1040). Craini- 
cianu ( 1922) showed tliat the aggregate diameter 
of Uic lummal \cs5els was nearly equal to that 
of die coronary arteries. The artcriosinusoidal ves- 
sels are numerous and their structure, except for 
irregularity of the lumen, is identical with Uiat 
of the capillaries (Wcam). The relative Impor- 
tance of the luminal channels is indicated by 
Weam viho found, in perfusion of the coronary 
arteries, that 70 to 60 per cent of the perfusate 
escaped directly into the heart chambers and only 
20 to 30 per cent relumed by way of the coro- 
nary veins. As a result of his injection studies, 
Schlesinger (1940) classified tlie distribution of 
the coronaiy arteries into three distinctive ana- 
tomic and functional patterns (see page 110). 

Cardiac capillaries continually utilized. The 
blood flow in the capillaries of the skeletal 
muscle, renal glomeruli and the skin is inter- 
mittent The work of Weam (1941) indicates 
tliat die heart, however, utilizes all of its cap- 
illaries at all times and that tlie blood flow 
tlirough die coronary capillaries is not inler- 
mittent Tlie percentage of O-xygen saturation 
of coronar)’ venous blood in the normal lieart 
(of die dog) at rest is considerably lower than 
that of venous blood of skeletal muscle; in 
other words, the nonnal heart makes almost 
ccmiplcte use of its available oxygen, and any 
increase in work of the heart must be met by 
an increase in die coronary flow’. 
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Number and concentration of capillaries. 
According to Wearn, the number of capil- 
laries per square millimeter in the human 
heart is approximately 4000 at birth, and 
ranges from 3000 to 4000 (mean 3342 ±36) 
in adults. At birth there is 1 capillary for 
each 5 myocardial fibers; in the adult heart 
the ratio of capillaries to muscle fibers is ap- 
proximately 1:1. Tliis capillary concentration 
remains fairly constant throughout adult life, 
as does the diameter of the muscle fibers in 
normal adult hearts (mean diameter, 14 
micra). Hypertrophy of the heart does not 
result in any increase in the number of mus- 
cle fibers or capillaries, but tlie increased size 
of the fibers means that there is a proportional 
decrease in concentration of capillaries per 
unit area of muscle. Physiologically, how- 
ever, it does not seem that the hypertrophied 
heart is supplied with insufficient blood. 

Dock (1941) perfused human hearts post- 
mortem with kerosene and noted that the coro- 
nary flow is decreased in hypertrophied hearts 
but found no evidence that the hypertrophied 
heart has an inadequate blood supply or that its 
fibers are too thick for adequate oxygen diffusion. 
In addition, the work of Harrison and Wood 
(1949) indicates that the capacity of the coro- 
nary arteries is directly related to the weight of 
the heart and that the cross-sectional area of 
the coronary arteries increases m hypertrophied 
hearts. They thought that the coronary enlarge- 
ment keeps pace with the needs of the enlarged 
heart and that relative ischemia is not a cause of 
heart failure in hypertension. In atrophic hearts. 
the muscle fibers have a diminished diameter and 
their number may be decreased (Karsner ct ah. 


1925); consequently, the capillary concentration 
is increased. 

Visualization of Coronary Arteries During 
Life. According to Snellen and Naufa (1937), 
calcification of tlie corortary arteries may be 
recjognized with the fluoroscope by dancing 
shadows seen in locations corresponding to 
those of the arteries. In 5 patients, the x-ray 
diagnosis was confirmed at necropsy. 

Radner (1945) injected Thorotrast into the 
ascending aorta in 5 persons, and Jonsson (1948), 
contrast medium through a catheter in 5 persons, 
with indifferent results. Gordon and associates 
(1950) were able occasionally to visualize one 
or more of the coronary arteries in angiocardio- 
graphic examinations following the intravenous 
injection of Diodrast. The visualization was 
clearer in infants and children when examined 
under an anesthetic. Pearl and associates (1950) 
devised an apparently safe method of coronary 
arleriography in the dog. They inserted a spe- 
cially constructed catheter, through a peripheral 
artery, into the aortic sinus, injected 4 ml. of 70 
per cent Diodrast and regularly outlined the coro- 
nary arteries. Electrocardiograms taken during 
the procedure were normal. Thai and his associ- 
ates (1957) performed 18 consecubve coronary 
arteriograms on persons with no untoward re- 
action. Under local anesthesia, the aorta was en- 
tered through the right brachial artery. The tip 
of the catheter was positioned about 2 inches 
above the sinuses of Valsalva and radiopaque 
media was injected within a period of 1.5 seconds, 
using an injection block. Multiple films (5 ex- 
posures per second) were taken. This study ap- 
pears to be promising in the development of a 
pmctical method of coronary arteriography. 


CORONARY ATHEROSCLEROSIS 


Terminology. Tliero is a certain looseness 
in terminology with reference to degenerative 
disease of the coronary arteries. 

ClinicalUj, this may in part be excused, inas- 
much as one may not be certain of the exact 
pathologic lesion present. Atigitta pectoris is a 
clinic.ll term (see definition, page 1011) haring 
reference to cardiac distress, p.irlicularly p.\in or 
dyspnea, usually of a temporary or transient na- 
ture, resulting from rclali%e myocardial anoxia. 
This is usually induced by exertion, eating of 


meab, excitement, or exposure to cold. The 
commonest pathologic findings in angina pectoris 
are narrowing or occlusion of one or more arteries, 
old myocardial fibrosis, stenosis of the coronary 
ostia resulting from syphilitic arteritis, or cardiac 
hypertrophy usually of severe degree. Coronary 
insufficiency' (Levy and Bnienii, 1936) and coro- 
nary failure (Frecclherg et ah, 1948) are other 
clinical tenns which indicate prolonged functional 
distress and one may then assume that (he myo- 
cardium is subject to a relati\cly se\cre degree 
of ischemia. Both terms, angimi pectoris and 
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acute coronary insufficiency, are used to describe 
functional states in which the coronary blond flow 
is not adequate for the needs of the myocar- 
dium. Buchner (1939) and Master and associates 
(1941) have stressed the condition of acute coro- 
nary insufficiency, a syndrome of severe myocar- 
dial ischemia, more prolonged and more severe 
than that occurring in angina pectoris, but with 
clinical signs less severe than in acute myocardial 
infarction. It is frequently accompanied by tran- 
sitory electrocardiographic changes (p.irticularly 
by depression of the ST segment) and often gives 
rise to focal areas of myocardial necrosis, espe- 
wally in the subendocardial layers and in the 
papillary’ muscles of the left ventricle. Scherf and 
Colbey (1954) pointed out that the term nciitc 
coronary insufficiency or acute coronary failure 
should not be used to indicate a definite disease 
entity, but to describe a symptom. 

Pathologic terms applying to coronary ar- 
terial disease include coronary atboromatosis. 
sclerosis, atherosclerosis or arteriosclerosis: 
coronary narrowing, coronary thrombosis, and 
coronary occlusion, myocardial Ischemia, in- 
farction and fibrosis. Coronary occlusion and 
myocardial infarction may exist independ- 
ently of each other. Blumgart and co-workers 
(1941a) stated that the syndrome called 
"coronary occlusion," consisting of prolonged 
substernal oppression or pain, a fall in blood 
pressure, pallor and other manifestations of 
shock, electrocardiographic clianges, fever, 
leukocytosis and increased sedimentation rate, 
really signifies myocardial infarction. Since 
coronary thrombosis can be diagnosed only 
at autopsy, Yater and associates ( 1955) sug- 
gested tliat the clinical diagnosis in pa- 
tients suspected of this condition should be 
coronary insufficiency with or w’ithout myo- 
cardial infarction. Tire term atheroma or ath- 
eromatosis (of an artery) should indicate a 
degenerative lesion in which lipoid material, 
particularly cholesterol, is accumulated in tlie 
intima. This condition may be reversible. The 
designation arteriosclerosis has been applied 
to a variety of diseases of the arteries and ar- 
terioles, and it has also been used synony- 
mously vv”!!!! atlierosclerosis. It is character- 
ized chiefly by fibrosis or hyalinization and 
sometimes also by calcification, particularly in 
association vvnth atheromatous deposits, the 


latter deposits being eitlicr primary or sec- 
ondary to the sclerotic changes. Arterioscle- 
rosis frequently develops in association with 
an are.! of inflammation and, in such cases, 
ordinarily reveals no atheromatous deposits. 
The term atherosclerosis is preferred. It in- 
dicates the presence of lipoid material and of 
reactive connective tissue. The atheroma may 
be primary or it may he secondarv' to the 
sclerotic changes. 

Macroscopic Changes 

The description of albcronialoiis and ather- 
osclerotic changes in the coronary' arteries 
has been largely taken from the work of 
Wolkoff (1929). Tlicsc changes are similar to 
those vvliich occur in the aorta (see Chapter 
XIV) and vary’ greatly In severity in dif- 
ferent persons of the same age. Tl)e degree 
of atherosclerosis of the coronary’ arteries is 
often graded grossly (from 0 to 4) on the 
basis of the relative .amount of atheromatous 
material deposited, thickening of the walls, 
and parliailarly upon the extent of focal 
atherosclerotic narrowing or occlusion of the 
lumen. 

1. Atheroma. Tlic first macroscopic changes 
occur in the form of yellow, minute (pinhead- 
sized) spots of lipoid material visible beneath 
the intima, which are round and scarcely ele- 
vated above the surface. They were encoun- 
tered by Wolkoff as early as age 9 (one to 
three spots in children aged 9, 10 and II 
years); in one-half of the number of persons 
observed by her during the second decade of 
life; in tvvo-tliirds of those during the third 
decade of life; and in the coronaries of all 
persons after their fortieth year. While 
Monckeberg found this change earliest in the 
left coronary artery (at about age 15) and 
claimed tliat this was generally the site of 
earliest localization of atlieroma in the body, 
Wolkoff always found such spots in the aorta 
above the aortic valve and in the mitral valve 
earlier than in the coronary' arteries. In the 
second and third decades tlie sijots are more 
numerous, larger, rounded or oval, or occur 
as streaks, 1 to 2 cm. long, which follow the 
long axis of the artery. The process, in gen- 
eral, increases in severity with age. Us order 



ATHEROSCLEROSIS 


563 


of frequency of localization is: first portion of 
anterior descending branch, main stem of left 
coronary, first portion of right coronary, and 
first portion of left circumflex branch. 

Klotz and Manning (1911) encountered fatty 
streaks in the intima of the aorta most frequently 
between the ages of 21 and 30 (in 12 of 15 per- 
sons) and rarely (only once in 10 persons) after 
the age of 50. They behe%ed that many of these 
superficial lesions disappeared almost entirely, 
leaving the artery "in an elastic condition equal 
to normal.” 

2. Fibrous plaques. Beginning at about age 
30, the fatty spots, in part or whole, become 
covered by hyaline-like connective tissue, 
forming rounded or irregular plaques of white 
color which encroach upon the lumen. These 
also make their appearance first in the left 
coronary, the order of localization being the 
same as that of the lipoid deposits which pre- 
cede them. Fibrous plaques may be encoun- 
tered without accompanying lipoid deposits 
and, in such cases, one may not always be 
able to determine if the fibrosis was preceded 
by lipoid deposits or if it was a primary 
change. Indeed, Duguid ( 1946, 1955 ) has re- 
vived the hypothesis of Rokitansky by sug- 
gesting that coronary atherosclerosis, espe- 
cially of the type in which narrowing of the 
lumen is associated, can be more satisfactorily 
explained as a late sequel of coronary throm- 
bosis. As a result of histologic studies, Du- 
guid believes that all the features of athero- 
sclerosis, with fibrous intimal overgrowth and 
deposition of fat, can be produced by organ- 
izing thrombi. In these cases, fat is deposited 
as a result of softening and fatty degeneration 
of red blood cells and fibrin within thrombi. 
Although there is no doubt that atheroscle- 
rosis and certain stages of organizing arterial 
thrombi are often indistinguishable, the im- 
portance of thrombosis as a cause of coronary 
atherosclerosis still remains to be determined. 

In middle age or later, the coronary arteries 
and their main branches, therefore, frequently 
show scattered plaques, often with points of 
narrowing of the lumen, particularly at sites 
of arterial branching; at such points of con- 
striction, thrombosis is favored. There may be 
more or less diffuse atherosclerosis with thick- 


ening and rigidity of the ^vall. Such rigid 
Vessels often have narrow lumina; at other 
times the lumina are wider than normal, as 
a result of loss of elasticity, presumably be- 
cause of age, and the vessels are tortuous. 
Thus, sclerosis may be focal or diffuse, present 
with or without narrowing of the lumen and 
with partial or complete occlusion. 

3. Calcification. In later decades, rarely 
before 40, the plaques may become calcified, 
or they may show ragged ulceration of the 
intimal surface, frequently with secondary 
thrombosis. 

Localization of Coronary Sclerosis. The 
localization of atherosclerosis in the coro- 
naries is earliest and most severe in the first 
portion of the anterior descending branch of 
the left coronary and in the main stem of the 
left coronary artery; next, in the first portion 
of the right coronary artery and then in the 
first portion of the left circumflex branch. In 
only 5 of 120 hearts studied by Wolkoff 
(1929) were atherosclerotic changes more se- 
vere in the right coronary than in the left, and 
in 4 of these the left circumflex branch was 
poorly developed and its function largely taken 
over by the right coronary. Atheromatous 
foci also are seen particularly on the portion 
of the wall that lies adjacent to the epicar- 
dium; such foci are also prominent in the 
main vessels at sites of branching. 

According to Geiringer (1951a), however, ath- 
eroma rarely occurs jn stretches of the anterior 
descending coronary artery which are covered by 
myocardium. Geiringer found that this r essel was 
covered, in part or all of its course, by m>ocar- 
dium in approvimately one-fifth of iiumari hearts, 
and he designated such arteries as mural coro- 
naries. Edwards and associates (1950) encoun- 
tered intramural coronary arteries in 15 hearts 
(left anterior descending in 13, right coronary 
artery in 1, and left circumflex branch in 1) 
among 276 unseiected consecutive autopsies. 
They concluded, in contrast to Geiringer, that 
the coveniig of a main coronary artery by mjo- 
cardium failed to protect it from atherosclerosis. 

Relafite sevenhj of sclerosis in other arteries. 
Sclerosis of the coronaries generally precedes scle- 
rosis of other arteries of the body. In men under 
40, Dock (1946) found that coronary sclerosis 
was usually not associated with sclerosis of the 
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Figure VIII-3. Atheromatous deiiosits in deeper Jay- 
ers of intiina. Note atrophy of media in right io«cr 
portion of figure. X 120. EUstica-vao Cieson. 
(WCGH, 40 A 115.) 


six decades. In both studies, in nearly every dec- 
ade, the degree of sclerosis was greatest in the 
antenor descending branch of the left coronary 
and less severe in tlie following arteries, in the or- 
der named: right main coronary', left circumflex 
branch, stem of left coronary, right posterior de- 
scending:and right marginal branch. As a rule, the 
degree of sclerosis in each of the six vessels ex- 
amined was greatest in the proximal third, less 
in the middle third and least in the distal third. 

Comment. The greater involvement of the 
anterior descending branch by atlierosclerosis 
may possibly be related to a relativ’ely greater 
traumatizing effect of the blood which flows 
at an angle of approximately 180 degrees to 
tltat in die ascending aorta while the flo^v of 
blood both in the right coronary artery arid 
die left circumflex branch is approximately at 
right angles to that in the ascending aorta. 


aorta or cerebral or bhial artenes. Munck (1946) 
compared the degree of atherosclerotic ciianges 
in the coronaries, aorta and cerebral artenes in 
398 persons who died suddenly from the effects 
of coronary sclerosis. He found that sclerotic 
changes in the left anterior descending branch 
were relatively more advanced dun in die aorta 
or the arteries of the brain. Morgan (1957), in 
a study of 20 cases of advanced coronary artery 
disease, compared atherosclerotic lesions in the 
thoraac and abdominaT aorta, renal artery, brach- 
ial and pophteal artenes with lesions of die coro- 
nary arteries. He concluded there was no ob- 
vious relabon between atherosclerosis generally 
and the severity of coronary occlusion. 

In an analysis of the gross pathologic findings 
in 80 fatal cases of coronary atherosclerosis among 
soldiers 20 to 36 years of age, French and Dock 
(1944) found atherosclerotic lesions present tn 
more than one of the main coronary branches in 
67 hearts. The most important slcnosing lesion 
was found in the anterior descending branch of 
the left coronary in 63 hearts, in the right coro- 
nary artery in 11 hearts and in the circumflei 
branch of the left coronary in 6 hearts. 

Severity of coronary sclerosis according to sex 
and age by decades. \Vlute and associates (1950) 
sectioned the coronary arteries and their main 
branches at intervals of 3 mm., and measured the 
degree of sclerosis, in the hearts of 100 men in 
each decade between the ages of 30 and S9. 
Ackerman and co-workers (1950) made a similar 
study of the hearts of 100 women in each of these 


Microscopic Changes 

1. Ea rly deyosition of lipoid malerial Rvon 
beforeThe fattv spots become grossly visibl n 
on the intimal surface, liooid material stain , 
ing with~S udan II I is demonstrable in tfie 
(fepe payers of die intima (Figure VJII-S). 
The gr^nd substance mHiis layer does not 
then show tlie pale rose color with van Gie- 
sons stain as normally; at these sites the lip- 
oid material is deposited focaffy', causing sejy- 
aration of the elastic fibers. T he deposits o f 
li pid nmtmnlafp. causing elevabo ^ nf riio 
surface of tlia-inrima . and they may also en - 
croarli iipnn tbp media The lim 'd alsQ ^ fre- 
quentl y infiltrates t lie cells of tJi<r *lntim a. 
sornetimes J 


1 oc casion- 

allv Levpn thnsR nf the adv en ti tia. 

2, Intimal connective tissue . As- earlv as 
aire 1.5 n p.nnnp <^hV/<- ftccnp |.wf»r ig df»mna. 
sirable in the inti mal zone o n the inner a .snect 
of thft hypprpl.ncHn lavpr nh ^lt focal sites_Df 
li^id maten ai. S ome 6f the^ cr ;nnf"-*‘^-'H^- 
<: up rylls may be "jbfiltratcd with linicl . Mh2 £k 
(}, ^6) found that comparalife changes dic^ 
not develop in tho a^ta until atie 2.^ and in 
tlic femoral artery until 40 years of age. 

3. Atheromatous foci and fibrous plagues. 
As c^rj^a s ag e 20, die lipoid foci m ay be as- 

with, nr converted into, pl.uiiies <^~ 
nr hyaline connective tissue and som e 
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(^ 41 ^ lipoid material may be resoibcd (Kiotz sclerotic coronary artery, with or without 
and Manfliug, 1911; Anitschkow, thrombosis. Paterson found such vasculariza- 

fibrous plaques occur on the inner aspect of tion of the intima to be common in thrombosis 
t he elasti c-hvoerplasHc l ayer and consist of - of coronary arteries. 

wide bands of hyalinizing fiber s whicli stain 5. Ulceration, thrombosis, calcification, os- 
bright red with van Gieson s method. M times, ■ sification. In advanced cases of atheromatous 
byplino fiViore ypn\/ currouiid a focus of oHe may encounter cholesterol crys- 


fatty material . Tbfi Lfibro-lipoid plaques may 
be come ex ceedingl y thick, even up to 10 or 
20 Hmps the thickn es s of the media . Tliey 
may encroach upontEeTumen and even oc- 
clude it, but the general structure of the 
musculoelastic and elastic-hyperplastic layers 
is usually maintained. The lipoid foci and the 
fibrous plaques may stretch the elastic tibeii s— 
of the media a nd may cause atrophy of 
I ^cr. ^ 

4. Vascularization of Intuna. A number of 
investigators (Wolkoff, 1929; Leary, 1934; 
Paterson, 1936; Winternilz et al, 1937, Wart- 
man, 1938) have observed capillaries arising 
from the intimal endothelium of an athcro- 


.tals which are enclosed in other lipoid ma- 
terial or are present within the fibrous tissue 
of a plaque. The intima may become ulcer- 
ated and the seat of tlirombi. In large fatty 
foci or in fibrous plaques, calcium may be 
deposited, as early as age 40; occasionally 
ossification may occur, usually at sites of pre- 
vious calcification. The ossified tissue may 
contain bone marrow, 

6. Organization. Hemorrhage of capillaries. 
Beginning at age 40, in about 50 per cent of 
persons, there is an ingrowth of blood capil- 
laries into the atherosclerotic plaques. In 
advanced coronary sclerosis, such vasculariza- 
tion is constantly present (Leary, 1938). 



Figure VIIl-6. Portion of wjU of' atbciosclcrotic coronary artery. Note 
thick Ii)a1imz«l intinia containing cltoIc^lcroL Organizabon is present in 
tlie intinu and m tlie atfophic n^dij. X150. (WCGU, 40 A 160.) 
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Figure VIII-7. Organization and inn.unniatory tell 
infiltration in walb of atherosclerotic coroiur) artery. 
Intima is at upper portion of figure. X200. (WCCII, 
55 P 191.) 

These vessels come principally from the vasa 
vasorum in the adventitia and outer half of 
tlie media but also may spring directly from 
the lumen of the coronar>’ artery. Newly 
formed capillaries are bordered by lipoid 
macrophages. Tliere is also usually associated 
an infiltration of lymphoid cells (Figure VIII* 
6), principally in the adventitia, but also in 
the media (Figure VIII-7) and even in the 
intima. The infiltration is often perivascular. 
The adventitia becomes thicker ;md more fi- 
brous. Sometimes tlie capillaries rupture and 
the resulting hemorrhage may extend to the 
lumen and lead to formation of an obstructing 
thrombus. 

Ceinnger (1951b) made senal sections from 
300 aortas and from the first inch of the anterior 
descending branch of the left coronary artery of 
100 hearts. He found that coronary thrombosis 
usually occurs over an ischemic, necrotic, athero- 
sclerotic plaque and that it is often associated 
with hemorrhage witlun the plaque. 

Moon and Rinehart (1952) studied the micro- 
scopic appearance of the coronary arteiies in 250 
persons with coronary atherosclerosis. They listed 
their findings in the following stages. (1) early 
sclerosis, characterized by (a) subendothelini 
fibroblastic intimal proliferation, (b) increased 
amounts of mucoid ground substance in the m- 
tima and occasionally in tlie media, and (c) frag- 
mentation and destruction of the internal elastic 
membrane; (2) moderate scierosts, as determined 
by (a) formation of collagen fibers in intimal 


plaques, (b) regeneration of elastic tissue from 
the mucoid substrate, and (c) deposition of lipid 
and cholesterol; and (3) severe sclerosis charac- 
terized by (a) “liyaline degeneration" of fibrous 
cunncctisc tissue, (b) deposition of c.'ilcium, and 
(c) intramural hemorrhage and thrombosis. 

Types of aliierosclcrosis related to oge. It 
must be noted that many of the atheroscle- 
rotic changes in the intima occur concomi- 
tantly with changes which are attrihutahle to 
age. von Albertini (1955) noted that athero- 
sclerosis is not a cause of aging but becomes 
intensified by the aging process. He distin- 
guished between two types of atherosclerosis: 
the wide type, generally found in old people, 
and not causing organic complications; and 
the narrow type, usually found in young peo- 
ple, causing local stenosis and often having 
serious consequences. 

In die presence of atherosclerosis of the 
larger corottary vessels, the small iiUramusai- 
lar branches may show similar mild lesions 
but in most instances lliey are entirely free 
from such changes. 

Microscopic Grading of Coronary Sclerosis. 
Table VIII-l lists the principal microscopic 
features in early, moderate and advanced 
(grades 1, 2 and 3) coronar)' sclerosis, based 
on the findings of Yatcr and associates 
(I9-18c). Note that no mention is made of 
the caliber of the lumen. Although narrowing 
of the lumen is usually the result of its en- 
crojcliment by tlie thickened atheromatous 
intima, severe sclerosis may be present in asso- 
ciation with a lumen of normal caliber, or with 
one that is actually dilated owing to ectasia 
caused by aging. In coronary sclerosis, inas- 
much as damage to tlie myocardium is prin- 
cipally related to the degree of narrowing of 
the arterial lumen rather than to tlic degree 
of atlierosclerosis per sc, the severity of eacli 
of these changes should be noted. Tlierefore, 
in any given artery, one should indicate botli 
the degree of sclerosis and the degree of 
narroxving. If the vessel is occluded by 
atherosclerosis, one should, in addition, indi- 
cate whether fresh thrombosis is present or 
absent. 

filinkoM'sld (1947) photographed microscopic 
sections directly on enlarging paper and calcu- 
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lated the ratio of intima to media. White and as- 
sociates (1950) microscopically graded the coro- 
nary vessels on the basis of reduction of the size 
of the lumen as compared with the thickness of 
the wall, grade 1 indicated minimal sclerosis and 
grade IV, complete atherosclerotic closure of the 
lumen. One may likewise grade coronary sclerosis 
on the basis of the severest degree of narrowing of 
the lumen, grade 1, 2, 3, and 4 representing nar- 
rowing of the cross-sectional diameter of 25, 50, 
75 and 100 per cent, respectively. Lober (1953) 
graded coronary sclerosis from 0 to grade IV, on 
the basis of the microscopic examination of the 
most severely affected area, taking into considera- 
tion: (1) the degree of infiltration of the mliwia, 
(2) relative area of lumen, (3) relative thickness 
of intima, (4) degree of elastic degeneration, and 
(5) outside diameter of the artery. He found the 
following changes: progressive increase in intimal 
thickness, from 12 per cent m newborn girls to 81 
per cent in men of the ninth decade, progiessive 
increase in outside diameter of the artery, from 
0.7 mm. in newborn girls to 3.6 mm. m men of 
the eighth and ninth decades, progressive increase 
m degree of sclerosis, from birth through seventh 
decade in both sexes, and progressive decrease 


in area of the lumen, from 62 per cent of total 
area of artery in newborn to 21 per cent in men 
of ninth decade. He concluded that it was rela- 
tively immaterial whether mtimal thickness, rela- 
tive size of lumen, or degree of infiltration of Uie 
intuna was taken as the basis for estimating the 
degree of coronary sclerosis. He regarded age 
as an important factor since the coronary sclerosis 
progresses at a nearly uniform rale with age. The 
degree of sclerosis was greater in persons with 
evidence of hypertension than in those without 
hypertension, and significantly less in persons who 
died with malignant disease than in those who 
did not have cancer. 

Gore and Tejada (1957) classified atheroscle- 
rotic lesions according to the percentage of intima 
involved and also according to the following 
grades; grade 1, lipid streaks, spots and patches; 
grade 2, elevated, smoothly surfaced, fibrous 
plaques of variable lipid content, grade 3, plaques 
with ulceration, necrosis or hemorrhage; and 
grade 4, calcified plaques. 

Development of Collateral Anastomotic 
Channels. There is abundant experimental 


Table VIII-l 

Microscopic Grading of Coronary Atherosclerosis 
(After Yater ct al, 1948c) 



i Degree of Atherosclerosis 

Structure or Pathologic Feature 

Grade I. Early 1 

Grade 2: 

1 Moderoteli/ Admnced 

Grade 3; Advanced 

I. Atheromatous plaque 

1. Connective tissue 

Loose; young 
fibroblasts 

. Hyalinized at base 

Hyalinized at base 
and surface 

2. Amorphous matenal 

Little or none 

Much cholesterol 
or lipid 

Much cholesterol 
or lipid 

3. Cholesterol 

Few or no cryslafs 

Few clefts 

' &fany clefts 

4 Vascularization 

Slight or none 

Slight, marginal 

Abundant, marginal 
and basal 

5. Calcium ' 

None 

Minimal 

In masses 

II. Internal elastic lamina ' 

III. Media beneath plaque 

Slight to moderate 
d.amage 

Fragmented or absent 

Severely damaged 
or absent 

1. Thinning 

Slight 

Moderate 

Media atropliic 

2. Loss of muscle fibers 

Little or none 

Moderate 

Moderate 

3. Fibrosis 

Minimal 

Increased 

Increased; hyalin- 
ization 
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and analoinic evidence th.it partial or com* 
plcte occlusion of a coron.iry artery is fol- 
lowed by enlargement of pre-existing aim- 
tomolic vessels and development of new 
anastomotic channels which then help to sup- 
ply the anemic or ischemic area with blood. 
Lear)' and Wcarn ( 1930) reported 2 csrses of 
complete occlusion of both coronaiy ostia by 
s>T[)hilis (in patients aged 35 and 20) and 
explained the ability of these patients to live 
and work, by the development of c»)mi>i*nsa- 
tory circulation through the thebesian veins. 

Types of compciisalortj auailomoics. Wig- 
gers (1936) enumerated three Ivpes of c<m»- 
pensalor)’ anastomoses that may develop after 
nonfatal coroiuir)* occliusion: ( 1 ) new inlcr- 
coronarv’ cominunic-ations, (2) evtracardiac 
(pericardial) communications, and (3) en- 
largement of arterioluminal channels. In 
atherosclerotic occlusion, or in ocxUisiou of 
the ostium of one coronarv by svpinlis. new 
communications of the Grst t\pe ap|).irenllv 
arc of most importance, however, in gradual 
occlusion of both ostia hv svphilis, or of the 
lumina of both vessels near their ostia bv 
atherosclerosis, life mav he maintained bv 
development of the last two tvpcs <if chaimels 
named. 

Rate of occUisiou. The new or enlarget! 
channels lend to present death after a subst*- 
quent closure of the same vessel or of another 
branch (Gregg and Mantz, 193S. Dfumgart 
et al., 1942). The patient is thus better able 
to withstand the effects of a gradual occlu- 
sion of a coronar)' .irlery than the effects of 
sudden occlusion. Rliiin and associates 
(1938) gradually occluded the anterior de- 
scending branch of the left coronary artery 
at one point, in dogs, until occlusion became 
complete at the end of 5 weeks. Tlie resulting 
collateral circulation was sufficient to prevent 
a large part of the m) ocardial damage w’bicb 
occurred if the same artery was suddenly oc- 
cluded at the same point. 

Anastomoses with cxtracardiac arteries. Hud- 
son and associates (1932), by an injection tech- 
nique, found xvidespread anastomoses of atrial 
branches and coronary branches to the pericar- 
dial fat with the pericardiophrenic branches of 


the iiitenul inaniinary arteries .and the anterior 
nicdiastiiul. pericardial, hronchLI, superior and 
inferior plirenic, intercostal and esopliagc.il 
brandies of the aorta. The aiiasloinosc's liclwccn 
the c.irdi.ic and evtnicardiac vc.vsc!s were most 
extensive around the ostia of the pulmonary 
veins. 

DccclopuienI of anastomoses in response to 
need. Ity iiumiis of a miillicfilored injcclion tich- 
luqiie. Sehlesingcr (1U3S) demonstr.tlcd n rich 
anastomuiic circulation only in (hose lic.irls in 
which there was cxi’Iuvinn of the ttironaiy artery; 
the ctmipeiwator) bloiKl miwlly cime from the 
left ventricle. He coniludcit that aiiastomo<c.5 de- 
velop III tlie L'lironary arterial s>ctem only when 
.ttid where then* is nec'd for (hem. He found 
<K elusions of two main divisions of the coronary 
artenes in -I of 0 iiifarctcxl hearts. Mure tmpor- 
(.itil than the multiplicity of such lesions i.s the 
sjM-cd of occurrence of occlusion or lurrowing. 
Thus, nipid occlusion of one hranch will iisu.ally 
result in infarction, even though other branches 
arc uuniial .\nasloinoses, therefore, develop not 
as a result of aging, hut in resjKmse to disease 
of the heart, parlieiilaily .ilherosclerotic aironary 
disease Blumgart (1931) studied over 1600 
hearts with the Sehlesingcr tcxliniquc. In 200 
hearts uithont ciiron.ir)* allieroscicnitic or canlio- 
vascidar dise-nse from patients who died of non- 
cardi.ic disease, no iiiter.irttTlal anastomoses were 
found, indicitmg that development of anastomotic 
clunnels is not a ns'cessar}’ conc'omitant of the 
aging process. Blumgart and as.socialcs (1953) 
occhids'd the left circumflex artery near its ter- 
mination, m dome.stic pigs. Tliey demonstrated 
tliat anastomoses Ix'gait to develop after 2 da}s 
and were umfonniy prevent after 17 da}s. 

Multiple sites of occlusion. Saphir and as- 
sociates (1935) found that, whenever a myo- 
c.trdial infarct was encountered, at least two 
branches of the coronary arteries supplying 
the infarcted area were involved; comiilete 
occlusion of two of the three major divisions 
of the coronary arteries was found in 11 of 
30 Infarcted hearts studied. Holyoke (1945) 
applied Schlesingers method of injection in 
70 hearts and demonstrated a total of 31 
points of occlusion of tlie coronary arteries in 
12 hearts. Inter-arterial amisUimoses were 
found in all hearts with pronounced athero- 
sclerotic narrowing, but in otlier hearts only 
in association willi marked hypertrophy. 
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Size of inteTCoronanj anastomoses. In a study 
of the coronary anastomohc circulation, visuabzed 
by means of an injection method, BJumgart and 
associates (1940) found no intercoronary anas- 
tomoses larger than 40 micra in diameter in nor- 
mal hearts. In hearts with obstruction to the 
coronary blood flow by atlierosclerotic narrow- 
ing or occlusion, they regularly demonstrated 
intercoronary anastomoses which measured 40 to 
200 micra in diameter, Prmzmetal and associates 
(1947) demonstrated anastomotic vessels be- 
tween tlie two ventricles by perfusion of the 
heart poshnortem with radioactive jfliospbonis 
bound to erythrocytes, and by injection of one 
of the coronaries with glass spheres of known 
size The anastomoses behveen the mfercoronary 
arteries measured from 70 to 180 nucra in di- 
ameter, the arteriovenous anastomoses ranged 
from 70 to 170 micra, and the anastomotic clian- 
nels between coronaries and the ventricular cav- 
ities measured from 70 to 220 micra. Any one 
or all of these routes of collateral circulation may 
function following coronary occlusion, and may 
be a factor in limiting the size of myocardial in- 
farction following obstruction of a major coro- 
nary artery. Zoll and associates (1951) used 
Schlesinger’s technique in a study of 1050 hearts, 
injecting an agar-lead mass whose particles did 
not enter vessels smaller than 40 micra in di- 
ameter, They demonstrated anastomotic channels 
having a diameter over 40 micra in only 9 per 
cent of grossly normal hearts from non-anemic 
patients, as compared to 89 per cent of grossly 
normal hearts from anemic patients; and m 74 
per cent of hearts with recent occlusion, and in 
100 per cent of hearts with old occlusions only. 
Thus, collateral anastomoses develop in lesponse 
to relative cardiac anoxia, particularly in severe 
coronary sclerosis. In animal experiments, they 
were able to produce intercoronary arterial anas- 
tomoses in 4 to 12 days by partial narrowing of 
a coronary artery. 

NoiirishnicJit of different portions of ischemic 
niyocardinm. After ligating a coronary artery in 
the dog, Pnnzmetal and associates (1948) per- 
fused the heart with radioactiN’e erythrocytes. 
They detennined the relative volume of blood 
in tlie ischemic and non-ischemic portions of the 
subendocardium and subepicardium, both in the 
left ventricle and in the right ventricle. In 
the left ventricle, the volume of blood in the is- 
chemic subendocardial tissue was two-thirds that 
of the adjacent non-ischemic m>ocardium, while 
the volume of blood in the ischemic subepicardial 


tissue was equal to that of the adjacent non- 
ischemic portion. The relatively poorer nutrition 
of the subendocardium, compared to the subepi- 
cardium, thus explains its greater involvement in 
myocardial infarction in the left ventricle. On 
the other hand, in the right ventricle, following 
coronary ligation, both subendocardial and sub- 
epicardial portions of the regions supplied by the 
ligated vessel contained volumes of blood equal 
to those in non-ischemic regions. Thus, in coro- 
nary occlusion affecting the myocardium of the 
right ventricle, the nutrition is better than in 
occlusion affecting the myocardium of the left 
ventricle. This explains the rarity of infarction of 
Uie right ventricle. 

Etiology and Pathogenesis 

Coronary Arterial Disease in Infants and 
Children. Clinically significant atheroscle- 
rosis of t)ie coronary arteries, so commonly 
encountered in adults, is decidedly rare in 
infants and children. 

One of the youngest patients reported to have 
died of atherosclerotic coronary occlusion (Jokl 
and Creenstein, 1944) was a lO-year-old boy. 
The left descending branch was almost com- 
pletely occluded by an organized thrombus for a 
distance of about an inch, beginning one-half 
inch from the orifice of the vessel. Five other 
instances of sudden death from coronary arterio- 
sclerosis in children, ranging from 12 to 15 years 
of age, are listed by Rigdon and Willeford 
(1950). (See also reference to fatal atheroscle- 
rotic occlusion in an 8-year-oId hoy with xan- 
thoma tuberosum, pp. 572 and 573. 

The commonest lesion of the coronary ar- 
teries encountered in infants and children is 
termed medial coronary sclerosis ( Brown and 
Richter, 1941) or medial calcific-ition with 
fibroblastic proliferation of the intima (Stry- 
ker, 1946a). Brown and Richter found calci- 
fication chiefly of the internal elastic lamina. 
With the calcification there is frequently a co- 
existing internal fibroblastic proliferation 
which may lead to occlusion of the vessel. 
Hicy suggested that a disturbance of calcium 
and pliospliorus metabolism may be at fault. 

One of Sliykcrs p.ntients, a S-month-oJd infant, 
liad complete occlusion of one coronary artery, 
except for small foci of canalization, and sm.iU 
areas of recent myocardial infarction. Stryker 
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(1946b) found that calcification affected the re- 
gion of the internal elastic layer, sometimes was 
present on both sides of this layer, but had a 
greater tendency to affect the wall on its internal 
aspect. In each of 5 children, arteries m other 
organs of the body were similarly invoked. He 
pointed out that this condition must be distin- 
guished from Monckeberg's sclerosis in which 
calcific deposit lies in the media proper and is 
limited by the internal clastic lamina. One of 
Stryker’s (1946b) infants with the disease was 
stillborn. Menten and Fetterman (1948) re- 
ported the condition m 2 siblings. Of 33 reported 
cases of medial sclerosis imoking the coronary 
arteries, 19 were in males, 12 were in females, 
and in 2 the sex was not stated (Sladdcn, 1032). 
In some cases renal rickets has been thought to 
be of etiologic importance; other factors that have 
been proposed include infections, allergy, and 
hypervitaminosis D. 

Other causes of occlusive disease of the 
coronaries in infancy and childhood include 
rheumatic arteritis, polyarteritis (periarteri- 
tis) nodosa (Sinclair and Nitsch, 1919), and 
embolism, chiefly from bacterial endocarditis: 
and more rarely, congenital abnormalities, 
hypertension and syphilitic arteritis. 

Incidence and Severity of Coronary Scle- 
rosis in Relation to Age and Sex. With the 
span of human life increasing, the incidence 
of coronary sclerosis is apparently increasing. 
The incidence of coronary atherosclerosis is 
far greater among men and, before age 60, 
more severe than in vvomen. 

Rossle (1919, quoted by Karsner, 1933) found 
that, among soldiers in World War I, tlie inci- 
dence of coronary' sclerosis at autopsy rose stead- 
ily from 10.6 per cent in the age period 15 to 
20, to 50 per cent during the period 45 to 50. 
Levy and associates (1934) found lesions of coro- 
nary arteries in 25.9 per cent of 2877 consecutive 
autopsies. In one-half of these autopsies, the le- 
sions were slight or moderate, in one-half severe. 
Coronary sclerosis was present m 19 per cent of 
persons in the age group 25 to 44, in 40 per cent 
in the group 45 to 60, and m 60 per cent of those 
past 65 years. Gordon and associates (1939), in 
a study of 3400 consecutive autopsies, found a 
steady increase with age periods in the incidence 
of coronary sclerosis (a) without narrowing, (b) 
with narrowing, (c) with partial occlusion, and 
(d) with occlusion. Clawson (1941) reviewed 


the protocols of 30,263 autopsies and determined 
that in 4678 persons death was attributed to heart 
disease. Among these 4678 persons, coronary 
sclerosis was present in 2.5.9 per cent. Willius and 
associates (1933) reviewed protocols of 5060 
consecutive autopsies and found that coronary 
sclerosis increased steadily with age in both sexes. 
Among 188 fcin.ilc children in the ffrst decade, 
tlie heart in 02 per cent shout'd no sclerosis and 
the remaining 8 per cent had only grade 1 scle- 
rosis, while all 78 women aged 70 or over showed 
some sclerosis, in most cases of mcHleratc or se- 
vere degree. In Uie eighth decade 3 per cent 
liad grade 4 sclerosis and in the ninth decade, 
1 1 fier cent had grade 4 sclerosis. 

CradiiiR of coronary sclerosis according to sex 
and age by decades. White and associates ( 1030), 
in their study of cross-sections at 3-mm. intervals 
of the coronary arteries of 100 hearts of men 
from each decade between the ages of 50 to S9 
inclusive, found that the greatest degree of sole- 
rosis m each of six branches occurred in die 
decade 50 to 59, at which period 75 per cent of 
hearts showed severe sclerosis of one or both 
coronary arteries. In the age period 30 to 39, 18 
per cent of hearts had, at some site, sclerosis of 
grade 3 or 4 (on Uic basis of 0 to 4), and beyond 
age 49, most men had grade 3 sclerosis at some 
point in either or both coronaries. Ackerman and 
associates (1950), who made a similar study of 
600 hearts of women, found that the severity of 
sclerosis increased for each decade to a ma.ximum 
in the eighth and ninth decades, vvlien DO per 
cent of hearts showed severe coronary sclerosis 
(grade 3 or 4) at some point in either coronary’ 
or in boUi coronaries. A comparison of the find- 
ings in these two scries indicates that coronary’ 
atherosclerosis was more severe in men, especially 
before the age of 60. 

Death rate front o//icroscfcrofic heart dis- 
ease according to sex and race. In 1955 the 
death rate from atherosclerotic heart disease 
(in the U.S.) was 75 per cent higher among 
men than among women ( National Vital Sta- 
tistics, Washington, D.C., 1957). Lew' (1957a. 
b) reported that in 1954 and 1955, at ages 35 
to -44, vvlute male death rates were approxi- 
mately 6.6 times those for females. This ratio 
gradually decreased until at age 85 and over, 
the death rate for atherosclerotic heart diseaje 
of the two sexes was about equal. The age- 
adjusted death rate among white males, from 
atherosclerotic heart disease, was 2.2 rimes 
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tiiat for white females. Among non-white per- 
sons, the age-adjusted death rate from athero- 
sclerotic heart disease for males was only 1.5 
that for females and the sex-ratio varied very 
little with age. 

Race. Most American writers who have 
statistically analyzed the racial incidence of 
coronary atlierosclerosis, coronary thrombosis 
and myocardial infarction, as checked at au- 
tops)’, Ijave found these lesions to be Jess com- 
mon in Negroes t})an in white persons. (See 
Hedley, 1935, 1939, Fitzgerald and Yater, 
1946; Moritz and Zamcheck, 1946, Yater et al., 
1948a.) Yater (1951), in a study of autopsied 
cases, found that, of 635 soldiers who had 
been on active duty in World War 11, only 
3.8 per cent were Negroes as compared to the 
army population of 10 per cent of Negroes. 
According to Lew (1957), the death rale from 
atherosclerotic heart disease among non-while 
males is close to that of white males at ages 
under 45, beyond age 45, the reported lower 
mortality rate for non-white males may be 
attributable to poor reporting. 

Dunng tile 15 years prior to 1957, the death 
rate from atherosclerotic heart disease has in- 
creased much faster among non-whites than 
among white persons (Lew). This may reflect 
largely the increasing access to more advanced 
medical practice, of the non-white population as 
it has migrated from the rural soutli to northern 
cities. In sharp contrast to the situation among 
males, the mortality rate from atherosclerotic 
heart disease of non-white women is 4 limes that 
of white women at ages 35 to 44 and more than 
times at ages 45 to 54. On the other hand, 
it is generally recognized that Negroes have a 
higher incidence of essential hypertension and of 
syphilitic aortitis and its complications, and that 
death from these causes is relatively commoner 
among Negroes than among wlu'te persons. Fur- 
thermore, the average age at death .among Ne- 
groes is lower tlian that of while persons. TRe 
expectancy of life at birth in 1955 in the United 
Stales was 69.5 years; for white men, 67.3 years; 
for white women, 73.6 years; for non-while 
women, 65.9 years; for non-white men, 61.2 
years (Stalistical DuJIe/Jn, Metropolitan Life In- 
surance Co., July, 1937). 

Bruenn, Turner and Levy ( 1936) , in llieir series 
of patients with coronary sclerosis, found a ratio 
of while to colored patients of 12 to 1. They 


thought that angina was rare in tlie colored race, 
probably, in part, because of the rarity of ad- 
vanced sclerosis in the Negro. Blache and Hand- 
ler (1930) found th.at the incidence of coronary 
thrombosis at autopsy among 2963 Negroes was 
only 1.1 per cent, as compared to 17.9 per cent 
among 1961 white persons. They studied seg- 
ments of tlie coronary artenes by staining of elas- 
tic tissue and by microincineration, and concluded 
that the rate of development of coronary athero- 
sclerosis in the Negro lags behind that of the 
white person by approxim.'itely a decade, for the 
fourth to sixth decades inclusive. They related 
this lower incidence to a greater tendency of the 
elastic tissue of the coronary arteries to swell but 
a lesser tendency to fragment and calcify. 

The statement that atherosclerosis is less fre- 
quent among Chinese than among persons of the 
white race apparently' has not been proved as yet 
(Weiss and Minot, 1933b, Gertler et al., 1950). 

Familial Tendency. The tendency to develop 
coronary sclerosis may be familial (Ophuls, 
1933b, Bean, 1937). Lew (1937b), quoting 
from the 1951 Impairment Study of the Society 
of Actuaries, Chicago, stated that a follow-up 
study of nearly 18,000 persons, for periods up to 
15 years, showed that persons who had reported 
2 or more Ctises of early cardiovascular-renal dis- 
ease in their families were themselves subject to 
death rates from cardiovascular disease which 
were from 1% to 2hi times those prevailing among 
standard risks. 

Sudden death, presumably from coronary dis- 
ease, was reported as occurring in a man at age 
42, and three of his sons, at ages 43, SO and 31 
(Herapath and Perry, 1930). The oldest son and 
one of the younger sons came to autopsy and their 
coronary arteries showed gross atheromatous 
changes. In the oldest son, the gross p.ithoIogic 
diagnosis was confirmed by microscopic examina- 
tion. Fatal coronary disease in homologous twins 
was reported by Froment and associates (1943). 
Both developed severe angina pectoris at the age 
of 34. One twin died at age 35 and at autopsy 
showed severe atheromatous disease of the coro- 
nary arteries with diffuse myocardial degenera- 
tive changes. The other twin died suddenly in a 
spontaneous attack 3 years later. Autopsy was 
not performed but an electrocardiogram 2 years 
before death confirmed the clinical diagnosis of 
cozonary disease. Benedict (1958) reported an 
instance of “coronary insufficiency” in identical 
female twins aged 44, and cited 6 instances of 
coronary heart disease in male identical twins in 
the literature. 
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Figure VIll-8 Slun lesions of xantliomo tuberosum in boy 8 years of age. fWCCH, -ia A -160.) 


Yater and associates (1948e) believed that 
heredity may be an important factor in the 
development of coronary artery disease in sol* 
diers under tlie age of 40, since there was a 
greater incidence of coronary artery disease 
in other members of tlie immediate families 
of soldiers who survived an attack of myocar- 
dial infarction, as compared xvith tlie inci- 
dence among families in a control group of 
soldiers. 

Xanthoma tuherosuni, an inlierited disturb- 
ance in metabolism of cholesterol, is mani- 
fested by hypercholesterolemia and by xan- 
thomatous plaques in the subcutis of the 
extensor surfaces of tlie extremities and in 
various organs, including die aorta and coro- 
nary arteries. As a result of the xandiomatous 
deposits in die coronary arteries, these persons 
are predisposed to sudden and often prana- 


ture death from coronary occlusion (Figures 
VIII-8 to 10). 

Rigdon and ^VllIefo^d (1950) reported sudden 
death in a boy of 12. At autopsy both coronaries 
slioucd narrowing of the orifices and decided in- 
crease in the lumina by atheromatous plaques jii 
the first 2 or 3 cm.; this process was particularly 
severe in the first portion of die anterior descend- 
ing branch. In addition, large atheromatous 
plaques were present m the aort.i, innominate, left 
carotid and left subclavian arteries, and on the 
mitral valve. The myocardium showed extensive 
myocardial degeneration but no definite area of 
infarction. These autliors also summarized the 
findings m 2 other reported cases of xanthoma 
tuberosum in chJdren. One was a boy 13 years 
of age with severe aortic and coronary atbero- 
sderosis with pronounced narrowing of the an- 
terior descending vessel and an infarct of the 
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ventral wall of the left ventricle. The other child 
was a girl 11 years of age. 

An instance of xanthoma tuberosum, that came 
to my attention, concerned a boy 8 years of age 
who had had no previous cardiac complaints. On 
the day before death he collapsed after walldng 
four blocks in the snow. At autopsy, performed 2 
hours after death, the cholesterol concentration 
of the heart’s blood was 1000 mg. per 100 ml. 
In addition to the cutaneous manifestations (Fig- 
ure VIII-8), the coronary arteries had xanthom- 
atous plaques and were narrowed, and the nght 
coronary artery was almost completely occluded 
at a point 4 mm. from its orifice. Large plaques 
were present throughout the aorta but especially 
in the ascending thoracic portion (Figure VIII- 
9), tho entire circumference of tlie first 3 cm. of 
the vessel being involved. Gross xanthomatous 
infiltrations were seen in the mitral and aortic 
valves and the endocardium adjacent to these 
valves, in the ring of the pulmonary valve and 
the intima of the pulmonary trunk in the region 
of the commissures of the cusps of this valve; 
111 tlie mediasdnal and mesenteric lymph nodes 
and m the renal pyramids. There was no gross 
or microscopic evidence of myocardial infarction. 
Section of the wall of the coronary artery revealed 


changes wliich were similar to those of athero- 
sclerosis in adults. These consisted of deposits of 
lipoid material, severe thickening by connective 
hssue which was undergoing hyalinization, for- 
mation of new capillaries, and a inild degree of 
lympIiDcyho infiltration (Figure VIlI-10). There 
was some atrophy of the media. 

Build and Weight of Body in Coronary 
Atherosclerosis. Tlie belief that thin persons 
have less tendency to coronary sclerosis than 
obese persons (Levine and Brown, 1929) is 
confirmed by insurance tables which show 
higher death rates among overweight persons 
for each of tlie following categories of dis- 
eases: organic diseases of the heart, angina 
pectoris, and diseases of tlie arteries (Dublin, 
1930). Underweight persons have lower rates 
than persons of normal weight. 

A study made by Dublin and Marks (1952) 
of the Metropolitan Life Insurance Company, of 
some 50,000 men and women who were charged 
extra premiums because of overweight and who 
were followed for periods up to 25 yeais, showed 
a 40 per cent higher total mort.ihty for those who 
were moderately overweight and 65 per cent 



Figure Vin-9. Large atherosclerotic plaque of aorta in boy of 8 years with xauthoiiia tubero- 
sum. Death uas caused by seicre immmiag of il»e coronary attcncs. The ngiiC coronary' 
artery vsas almost completely occluded by athciosclcrosU. (WCGH, 49 A 460.) 
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Figure VIII'IO Segment of cross section of nght coronary artery ir) boy 
>s>th vanthoma tuberosum Note slitliLe lumen and great lhicl.eruAg of 
mtima nhich shows deposits of cholesterol, considerable fibrous and 
hyaline conncctise tissue, and some organization. XIOO. (WCGH, -Id 
A 460 ) 


higher mortality for those who svere markedly 
overweight. The bulk of this excess mortality was 
the result of cardiovascular-renal diseases, pn- 
manly of atherosclerotic origin. This study also 
showed that persons who had reduced theu 
weight suiSciently to be eUgible for standard in- 
surance premiums, had a sirtually normal mor- 
tality rate. Bahr (1938), in a study based on 
308 autopsies, also found coronary sclerosis more 
frequently among florid and robust persons than 
among asthenic persons. On the other hand. 
Bean (1937) did not find such a correlation in 
his study of 300 cases of m>ocardial infarcbon. 
Similarly, Yater and associates (1918a) studied 
the autopsy records of 450 soldiers under the age 
of 40 who died from c-oronary artery disease, and 
found that obesity was not a factor of any im- 
portance. Faber and Lund (1919) studied tlie 
influence of obesity on atlierostlerotic tlianges in 
408 aortas. They determined the dry wciglit of 
the aorta after remuNing the adventitia, and ob- 
tained the concentration of cholesterol and cal- 
cium. They found that h}pertension is associated 


with a concentrahon of these substances greater 
tlian would be expected for the given age but 
that obesit}', in itself, has no effect upon their 
concentration. 

Relation of Coronary Artery Disease to 
Occupation and Diet. It may be that, in gen- 
eral, occupation does not seem to be an im- 
portant factor in the causation of coronarv' 
sclerosis. Levine and Handle (1945) found no 
signiflcaot difference between physicians and 
the general population In the average age at 
death from coronary disease. 

An inquiry by Yater and co-workers (1948a) 
into the case histories of soldiers who died sud- 
denly of coronary artery disease rev ealed a higJier 
incidence among those who Iiad been engaged in 
pbysicaffy less arduous occupations, such as cler- 
ical. professional and supenisoiy work, than 
among laborers and farm or factory workers. Kc>'S 
and assodates (1956) studied data on scrum cho- 
lesterol in rclabon to physical aclitily and diet in 



ATHEROSCLEROSIS 


575 


healthy men in several different countries of tlie 
world. They found that the habitual diet, espe- 
cially Its fat content, had much more effect than 
the physical activity on the concentration of 
serum cholesterol. The differences in relative obe- 
sity did not account for the differences observed 
in serum cholesterol. According to Katz and as- 
sociates (1956), population groups that regularly 
have a diet that is low in calories and in choles- 
terol lipids tend to have a low serum cholesterol 
and relatively little coronary atherosclerosis and 
ischemic heart disease, while the converse is true 
among those who regularly consume a diet rich 
in calories and cholesterol lipids. Chapman and 
associates (1957) studied the clim'cal incidence 
of coronary heart disease in Los Angeles over a 
period of 3 years, among 545 men 40 to 70 years 
old engaged in sedentary or light jobs and 393 
men in the same age group, doing medium or 
heavy physical work. Applying age-speciGc rales 
for both groups, they found no significant dif- 
ference in incidence of coronary disease. Keys 
(1957), from a study of occupational and en- 
vironmental factors in the development of heart 
disease in various countries of the world, con- 
cluded that present indications are that physical 
activity or its lack is not a major etiologic factor 
in coronary heart disease or hypertension. In- 
deed, current opinion holds that physical work 
does not injure the coronary arteries but, instead, 
protects them. 

Russek and Zohman (1958) clinically studied 
a group of 100 adults, 25 to 40 years of age, 
with evidence of coronary atherosclerotic heart 
disease (89 with classical myocardial infarction 
and 11 with angina pectoris) and a comparable 
group without evidence of heart disease, vvith 
respect to influence of (a) heredity, (b) obesity 
and build of body, (c) diet, (d) occupation, and 
(e) smoking of tobacco. They found that the 
following 3 major factors predisposed to the de- 
velopment of coronary heart disease: (1) occu- 
pational stress (ratio of coronary group to con- 
trols, 4.6:1); (2) inordinately Iiigh fat diet 
(ratio of coronary group to controls, 2.7:1); and 
(3) heredity (ratio, 1.7:1). In addition, smoking 
was not only more prevalent but also heavier 
(ratio of 2:1) among the coronary group than 
among control persons. It w-as, hoive»’er, not clear 
whetlier nicotine was a predisposing factor or 
smoking was merely a reflection of the emotional 
tension. 

Seasonal Incidence of Coronary Occlusion. 
In the north temperate regions of the United 


States, attacks of coronary occlusion occur 
more frequently during tlie cold winter 
mondis than during the warm summer months. 
This difference in incidence is probably re- 
lated to the greater metabolic activity of the 
body and the greater frequency of respiratory 
infections during the cold months. Bean and 
MjIIs (1938) found that the incidence of 
cardiac failure from rheumatic disease and 
atherosclerosis also showed a similar seasonal 
variation, probably for the same reasons. 
However, Heyer and associates (1953) found, 
among 1386 proved cases of myocardial in- 
farction from Dallas, Texas, that attacks oc- 
curred more frequently during the hot summer 
months, when respiratory infections were at 
a minimum. Tlius, it would seem that the 
incidence of acute myocardial infarction is 
augmented by exposure to hot or cold 
weather. 

Morbidity and Mortality of Coronary Ar- 
tery Disease in the United States. In a statis- 
tical study of mortality from heart disease 
among white persons in the United States in 
1940, Cover and Pennell (1950) found that 
the principal types of heart disease causing 
death at various age periods were as follows: 
under 5 years of age, congenital heart disease; 
from 5 to 35 years, valvular lieart disease; 
from 35 to 65 years, diseases of the coronary 
arteries; and over 65 years, diseases of the 
myocardium. Undoubtedly, most cases in this 
last category actually represent diseases of 
the coronary arteries. The increased number 
of reported deaths from acute coronary dis~ 
case in recent years may be attributed to: 
(1) lengthened span of life; (2) improved 
diagnosis (with increased accuracy in termi- 
nology), and (3) probably an actual increase 
in incidence and severity of atherosclerosis. 

In 1934 the mortality rates per 100,000 from 
atherosclerotic heart disease, including coronary 
disease, m the United Slates, were as follows: 
white males, 275.2; white females, 127.0; nori- 
white males, 186.3; noinvlute females, 122.6. 
The sex differences among white persons for 
atlierosderotic heart disease in the United SUtes 
are similar to those in England, Canada, and Aus- 
tralia (Statistical Bulletin, Metropolitan Life In- 
surance Co., 38:2, June 1957). In 1955 (Na- 
bonal Office of Vital Statistics, Washington, D.C., 
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1957) disea5es of the lieart uere responsible for 
810,200 deaths in the United States (exclushe 
of fetal deatlis and of deaths among armed forces 
overseas); cancer, the second leading cause of 
death, was responsible for 240,681 deaths. Ather- 
osclerotic heart disease, including coronary dis- 
ease, c-aused 400,150 deaths. In addition, there 
were 313,900 deaths listed in the following cate- 
gories, in which atherosclerosis of the coronary 
arteries may have been a factor: vascular lesions 
of the central nervous system, 175,120, non- 
rheumatic chronic endocarditis and other myo- 
cardial degeneration, 66,150, hypertension with 
heart disease, 72,630. Thus, clearly, atherosclero- 
tic disease of the coronary artenes is now ihc 
leading cause of death in Uie United States. Fur- 
thermore, m recent vears, along witli Uie exten- 
sion of the average life expectancy at birth, the 
total number of persons and the percentage of 
tliose who die of diseases of the heart, and par- 
ticularly of the effects of coronary sclerosis, have 
been constantly increasing. Dunng recent years, 
therefore, increasing attention lias been directed 
to the etiology and control of coronary athero- 
sclerosis. 

Coronary Occlusion in Animals. An instance 
of coronary thrombosis m an 8-> ear-old female 
ape was desenbed by Manmng (1942). The 
chmcal signs, manner of death, and paUioIogic 
changes were comparable to those in coronary 
thrombosis m man. Crosficld (1944) reported 
the occurrence of coronary' Uirombosts in a 3- 
ycar-old AyTsliire bull, and Gilyard (1944) re- 
ported Uirombotic occlusion of the middle lliird 
of die right coronary artery in .i 6 year old West 
Indian-bred thoroughbred gelding which col- 
lapsed after completing a race of more than a 
mile. Lindsay and associates (1956) reported 
sudden death in a 47-v ear-old female Indian ele- 
phant from acute cardiac failure secondary to 
pronounced atherosclerosis of many small coro- 
nary arterial branches. Highman and Altland 
(1949) found thrombotic coronary occlusions 
.and extensive myoeardual infarction in one of 
Uieir rats that died after being exposed to an alti- 
tude of 25,000 feet for 4 hours daily for several 
montiis. 

Histogenesis of Atheromatosis. Leary 
(1941) believed that lipid-cinying macro- 
phages are attracted to the inlima by' cbemo- 
tu.xi5, penetrate the eiiduthclium and deposit 
the lipoid material in the inlima. Tlie general 
opinion, however, holds that lipids arc de- 


posited in die intima before the lipophages 
appear. Wintemitz and associates (1938) at- 
tributed the primary change to hemorrhage 
from rupture of new capillaries that arise 
from the vasa vasorum or directly from the 
lumen. Generally, when hemorrhage is found 
in association with adierosclerosis, it probably 
does not precede but radier follows the onset 
of atherosclerosis. With increasing age, there 
is an accumulation in the intima of lipids 
which are precipitated in the ground or ce- 
ment substance, with the formation of cho- 
lesterol crystals. Later, fibrous proliferation 
with or without scarring, vascularization, 
hemorrhage, inflammatory cell infiltration or 
calcification may occur. 

Duguid (1946) has presented evidence that 
coronary thrombosis may be followed by fatty 
degeneration in the thrombus. He (1954) be- 
lieves tlut atherosclerosis tuatj arise by two dif- 
ferent processes: (1) from deposition of lipids or 
hpid-bearing cells, and (2) from mural thrombi. 
The diet may be important in the initial phase, 
since it may affect the coagulability of the blood 
or cause fatty changes in the wall and thus pro- 
mote mural thrombosis. His eiicrnstetion theory 
(1955), originally proposed by Rokitansky, as- 
sumes that atheromata are the result of deposition 
of fibrin on Uie intima, mural thrombosis, and 
organization by endotiielium witli formation of 
new capillaries from the lumen. This process 
leads to crescentic thickening at one or many foci. 
.As a result of retarded organization of die throm- 
bus containing blood, a lipid pool is formed. Re- 
current thrombi lead to progressively severe 
atiierosc!erc»is and narrowing of tlie arteries. 

According to Palenon (1936, 1952), intinial 
hemorrhage is not causative of adierosclerosis be- 
cause the intima is not normally vascularized; 
rather, it is a complicating factor which acceler- 
ates and aggravates the atlierosclerotic process. 
He found Uiat the capillaries arise from the en- 
dothelium of the vessel and not from the vasa 
vasorum; that they are exceedingly prone to rup- 
ture, and may give nse to massive intimal pres- 
sure. Hemorrhage was responsible for obstruc- 
tion in less Uian 10 per cent of occlusions in 
Patersons senes. ‘Hamilton (1957) examined the 
coronary arteries from 100 hearts of unselectcd 
adults of vanous ages. He used a modification 
of Durlacher’s technique and cut multiple or 
serial sections from representative samples. Mod- 
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erate (grade ill) and advanced (grade IV) 
atlierosclerotic lesions, with \\ ell vascularized 
plaques and amorphous pools of lipid, were 
present in 63. In 51 of these 63 cases, hemoi- 
rhages were seen in the atherosclerotic plaques. 
In about half of the cases showing vasculaiiza- 
tion of the plaques, capillaries took oiigin from 
the lumen. Intramural hemorrhage was present 
in 12 of 14 cases showing lecent coronary throm- 
bosis. Massive hemorrhage was associated in 
each of 4 cases with rupture of an alheiomatous 
plaque, he believed that the hemorrhage was 
derived /lom the lumen and was in the nature 
of dissection of tlie plaque. Hamilton thus sup- 
ports Duguid’s explanation of atlieroma. 

Pathogenesis of Atlieromatosis. Experi- 
mental production of atherosclerosis in ani- 
mals (rabbits, clucks and dogs) is predicated 
on the belief that altered cholesterol metabo- 
lism is important in atherogencsis in man 
(Katz and Stamler, 1953). The imbibition 
theory of Virchow attributes the deposition of 
lipids in the intima directly from the lumen 
of tile vessel by infiltration from the plasma. 
However, the correlation between concentra- 
tion of blood lipids and degree of atheroma 
is none too good. Only a few factors in the 
pathogenesis of atlieromatosis in man are 
known. The relationships of tliis process to 
the metabolism of cholesterol, to the intake of 
lipids in tlie diet, cholesterol “antagonists” 
(iodides, thyroid extract, choline, lecithin), 
or alcohol, to infections and wasting diseases, 
to age and local trauma, to heredity, build of 
body and weight, occui>ation, emotional fac- 
tors, hypertension, jire-existing local disease, 
and to endocrine and metabolic diseases, are 
only partially understood. 

Hueper (1942) injected various macromolecu- 
(ar coHipouiit/s, mcludmg proteins, carbohydratfis 
and Jjpins, into aniimils and produced changes 
resembling atheromatous lesions. He belies’es 
that these substances cannot be broken down or 
excreted by the body and tliat, as a result of 
disturbances in nutritive and oxidative metab- 
olism of tlie vascular walls, degenerate e lesions 
are produced wlucii are comparable to choles- 
terol atheromatosis of man. 

Hirsch and Weinhouse (1943) bclicxcd tliat 
with age tliere is a significant increase in the 
media of the free and total cholesterol, plrospho- 


lipids, galactosides and glycerides, and a marked 
increase of the calcium content, and that tliese 
cdianges appaiently are related to age and do not 
cause atherosclerosis. The hptds of the intima 
seem to originate in the plasma rather than in 
the piotoplasm of the cells. Most cases of athero- 
sclerosis in man aie not accompanied by hyper- 
cholesteremia. According to Katz and Dauber 
(1945), elevated serum cholesterol favors athero- 
sclerosis but is not essential for its occurrence. 
Boas and associates (1948) believed that tlie fre- 
quent hypercholesterolemia in patients with coro- 
nary atherosclerosis suggests an etiologic relation- 
ship. 

Leary (1931) maintained that alcoholism is 
associated with absence of atherosclerotic changes 
in the aorta. Eberhard (1936) studied the effect 
of alcohol on the development of atherosclerosis 
m rabbits. His findings suggest tliat alcohol may 
interfere with tlie development of atherosclerosis 
in tlie aorta. Wilens (1947a) believes that in 
man the habitual use of alcoliol does not have 
any appieciable effect on production of athero- 
sclerosis. 

There is no proof that oieniutrUion is respon- 
sible for aUierosclerosjs in man (IVeiss and Minot, 
1933a). While obesity and atherosclerosis are 
often associated, the arteries of obese persons past 
50 may be unusually free of sclerosis. In dia- 
betics, on the other hand, it is generally con- 
ceded tliat atlierosclerosis occurs earlier and is 
usually more severe in degree tlian in noiidia- 
betics of the same age. In diabetes and in 
multiple xanthomatosis, myxedema and lipoid 
nephrosis, the associated high Ijpemia and choles- 
tciolcmia are often related to the development 
of atlieromatosis and attributed to an endogenous 
fault in metabolism. Furthermore, it has not been 
proved that a relatively high protein” or a rela- 
tively high carbohydrate diet is eitlier responsible 
for, or prevents tlie development of, atheroma- 
tosis or atherosclerosis; or that a vegetarian diet 
tends to prevent the development of atheroma- 
tosis. Wilcns (2947b) found severe .alheroscJe- 
rosis of tlie coronary arteries in 12 of 24 obese 
patients aged 40 to 60 years, and in only 2 of 
39 poorly nourished persons in the same age 
group. According to Gcrtler and co-workers 
(1950), tlie level of scrum cholesterol is inde- 
pendent of dietary cholesterol willu'n nunna! lim- 
its of digestion and the concentration of scrum 
cholesterol is mainly dependent upon tlie balance 
between synthesis and utiliz.ibon. These observ- 
ers believe tliat there is no advantage to be 
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Figure Extreme degree of atherosclerosis 

of first portion of left coronary arteiy in a 13->car* 
old girl witli uncontrolled diabetes melblus. X 2. 
(Courtesy of Dr T. Hiratzka, Wavne State Univer- 
sity College of Medicine.) (WCGH, 58 P -181.) 

gained from imposing a low cholesterol diet on 
patients with coronary artery disease 

Balir’s (1938) patients with cancer or tuber- 
culosis had delicate coronary vessels and Wilcns 
(1947b) found evidence that atherosclerotic le- 
sions are less severe in wasting diseases such as 
cancer and advanced tuberculosis. Since persons 
past 50 with advanced tuberculosis or cachexia 
of cancer frequently have astonishingly little 
atherosclerosis, it is possible that in tiiese condi- 
tions the body has metabolized ( either more com- 
pletely utilized or resorbed) cholesterol material 
that previously was deposited in the arteries. 
Wells (1933) pointed out tliat extensive lipid in- 
filtration of the aorta in youth commonly dis- 
appears without leading to atlierosclerosis (see 
also Klotz and Manmng, 1911), while sclerotic 
patches may be found free from lipids. Since it 
appears that the deposition of atheromatous ma- 
terial in the intima is reversible, it should be 
possible, within limits, to inhibit tlie formation 
of atherosclerosis. 

Morrison and Gonzalez (1950) administered 
choline, a lipotropic substance, for periods of 1 
to 3 years, to 115 patients with clinically proved 
myocardial infarction. They reported that in this 
group the subsequent mortality rate was signifi- 
cantly reduced as compared with tliat of a com- 
parable control group of patients. 

According to Page (1954), the level of choles- 
terol ill the blood depends more on the total 
caloric intahe and the amount of fat in the diet 
than on the cholesterol content of the diet, and 
it probably does not matter whether animal or 
vegetable fat is ingested. Predisposing factors 
include heredity, maleness, arterial anatomy, hy- 
perlipemia, hVT?ertension, and aging. 

The Committee on Lipoproteins and Athero- 


sclerosis of the National Advisor)- Heart Council 
(1956) attempted to detennhie if there was a 
correlation between scuint Upopraletns with flota- 
tion rates between 12 and 20 Svedberg units 
(S»12-20) and mjocardial infarction, and if 
tlieie was any relationship between the senim 
concentration of total cholesterol and lipoproteins 
(Sr 12-20) and myocardial infarction. TJie ma- 
jority of opinion held that one could not predict 
from these measurements which individuals 
would develop coronary artery disease. 

Tobian and Tuna (1958) produced significant 
lovvenng of the concentration of cholesterol in 
the serum in 23 patients follow'ing ingestion tliree 
times a day of corn oil, an unsatiirated fat. The 
reduction in the level of cholesterol was main- 
tained during the entire year in which the oil 
was ingested. 

Coronary Artery Disease in Diabetes Mel* 
lilus. Among diabetic patients over the age 
of 40, coronary sclerosis, angina pectoris and 
death from coronary disease are as common 
or commoner in women than in men, but in 
noudiabcHcs these conditions are much com- 
moner in men (Steams et al, 1947). These 
authors stated tliat any diabetic person of 
either sex over tlie age of 40 can be assumed 
to have severe coronary sclerosis, especially 
if he also has hypertension or if he has Itad 
diabetes for 10 or more years. Tlic severity of 
vascular disease in persons witli diabetes is 
related to the duration and degree of control 
of the diabetes (Root, 194S). N.iflianson 
(1932) found severe coronary* sclerosis in 41 
of 100 autopsied diabetics (and in 53 per cent 
of diabetics above the age of 50), as com- 
pared with 8 per cent of 250 nondiabetic pa- 
tients in tile same age group. In nondiabetics 
the ratio of males to females was 3 to 1; in 
die diabetic series, 1.8 to 1. 

Persons witli diabetes not only have more se- 
vere atherosclerosis (Figure VUI-ll), but de- 
velop atherosclerotic lesions 10 to 12 years earlier 
than nondiabetic persons (Warren, 1938). War- 
ren found cardiac infarcts in 16.4 per cent of 440 
diabetic patients. This compares with tlie follow- 
ing incidences of infarcts in unselected autopsies: 
4.1 per cent of 1750 autopsies (Benson and Hun- 
ter, 1925); 4.9 per cent of 1000 autopsies (Barnes 
and Ball, 1932); 7.8 per cent of 3559 autopsies 
(McCam ct al., 1950); 11.8 per cent of 5000 
autopsies (Gould and Cawley, 1958). 
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Blotner (1930) reported dealli from cardiac 
infarction in 3 diabetics following a rapid fall 
in blood sugar after administration of insulin, 
and called attention to the danger of inducing 
coronanj thrombosis bij mstdin in the elderly dia- 
betic with vascular disease. Atheroscleiosis of the 
coronary arteries, as well as of the peripheial ar- 
tenes, is relatively frequent in young diabebc 
patients. Shivelhood (1948) reported death with 
clinical evidence of myocardial infarction in a 12- 
year-old boy who was known to have diabetes 
since the age of two years. Pentiission for au- 
topsy was not obtained. Insulin has prolonged 
the life of persons with diabetes, more of whom 
now die from coronary disease than from cerebial 
or penpheral vascular lesions {Be.an, 1937). 
Clawson and Bell (1949) analyzed the age and 
sex incidence of fatal coronary disease in autop- 
sies of 49,593 iiondiabetic and 1182 diabetic 
patients. Fatal coronary disease was found to 
be about tv%1ce as frequent in diabetic as in non- 
diabetic men, and three times as frequent in dia- 
betic as in nondiabetic women. About 4 per cent 
of men and about 14 per cent of women who 
died of coronary disease, had associated diabetes. 
Feldman and Feldman (1954), in a study of 
1319 consecutive necropsies of adult persons, 
found coronary heart disease m 43.8 per cent of 
diabetics as compared to an incidence of 20.1 
per cent in nondiabebcs. Ackerman and associ- 
ates (1950) measured the degree of sclerosis in 
the coron.iry arteries m COO ivomen, including 
25 with diabetes. In each decade except the 
ninth, tliose who had diabetes showed greater 
degrees of coronary sclerosis (12 to 45 per cent) 
than those who did not have diabetes. Analysis 
of the causes of death among diabetic p.i(ieiits 
of the Josliii Clinic, Boston, during 1950-1956. 
showed that heart disease was responsible for 
nearly one-balf of the total (48.7 per cent), and 
that two-thirds of these deaths (33.4 per cent) 
w'ere caused by coronary artery disease (Statis- 
tical Bulletin, Metropolitan Life Insurance Co., 
March, 1957). W. A. Thomas and associates 
(1936) studied tlie incidence of acute myocardial 
infarction among diabetic patients at autopsy at 
Barnes Hospital, St. Louis. For the years 1910 to 
1934 inclusi\e, 8183 adult persons came to au- 
topsy. Of this number, 379 (192 men and 187 
women) had diabetes melhtus. Acute infaicts 
were found in 22 per cent of diabetic men and 28 
per cent of diabetic women, as comp.ircd witli 6 
per cent of nondiabctic men and 3.9 per cent of 
Iiondiabetic women. 


Relation of Cardiac Hypertrophy and Hy- 
pertension to Coronary Sclerosis. Approxi- 
mately one-tliird (35 to 40 per cent) of per- 
sons with coronary occlusion have cardiac 
hypertrophy. Pre-existing hypertension fa- 
vors the development of coronary sclerosis, 
sclerosis being more frequent and usually 
more severe among hypertensive than among 
iionhypertensive persons (Bell and Clawson, 
1928; Master ct al., 1939a; Ackerman et at, 
1950). Levine and Brown (1929) stated that 
a previously existing hijperfenston is prob- 
ably the most common single etiologic factor 
in the development of coronary tlirombosis. 
The tendency to coronary sclerosis among 
hypertensive persons is greater among men 
tlian among women ( Davis and Klainer, 
1940); this is in agreement with the common 
finding that hypertension in women runs a 
more benign .and protracted course. 

Averbuck (1936) found that most patients 
with hypertension who died of heart failure (85 
per cent in his series) suffered from severe coro- 
nary sclerosis while relatively few with liyperten- 
sion who died from causes other than heart 
failure (only 10 per cent) showed severe coro- 
nary sclerosis. Of 100 consecutive cases of acute 
coronary occlusion and myocardJa] infarction 
studied by Nay and Barnes (1945), 46 had nor- 
mal blood pressures prior to the coronary occlu- 
sion and myocardial failure, 42 had hypertension 
previously, and in 12 the blood pressure pre- 
viously was not definitely knonn. Failure of 
hypertensive hearts, how’ever, may occur without 
accompanying coronary disease and may be the 
result of m>ocardial weakness which is primarily 
related to factors concerned with the hyperten- 
sion and the available blood supply to the myo- 
cardium. In persons with hypertension, there is 
no iiiciease in the number of c.ipillaries supply- 
ing the hypertrophied myocardial libers, as com- 
pared to the number present in hearts of normal 
size (Wearn, 1941). The enlarged muscle fibers, 
therefore, have a relatively decreased blood sup- 
ply. Should the coronary arteries become nar- 
rowed by atherosclerosis, the nulnlion of the 
muscle fibers is further compromised. Tlie in- 
tegrity' of tlie myoc.irduiiii depends upon suffi- 
aent nutrition per unit of muscular tissue. This 
means that, for a given mass of muscular tissue, 
there must be a sutficient number of blood capil- 
laries and a suiRciciit supply of oxygenated blood. 
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Kaunitz (1947) has pointed out that in the 
adult heart in which the left coronary artery 
arises from the puhnonary trunk, the coronary 
lumen is dilated, the wall is thinner tlun nonnal, 
the media has a poorly developed muscular Ia>cr, 
and the inlima has fibroelastic thickening. The 
lack of atlierosclerosis in such a vessel, coupled 
with atherosclerosis in the right coronar>% would 
seem to indicate that there is a relationship be- 
tween intravascular pressure and the develop- 
ment of atherosclerosis, and would help to ex- 
plain the frequent association of hypertension 
and severe coronary sclerosis. In this connection 
it may be mentioned that atherosclerosis of the 
aorta is generally most severe in the abdominal 
portion where the intravascular pressure is rela- 
tively high. 

Effect of Coronary Sclerosis on Develop- 
ment of Cardiac Hypertrophy. Coronary scle- 
rosis, in itself, probably has little influence on 
the production of cardiac hypertrophy and 
hypertension. It is believed that, when coro- 
nary occlusion leads to heart failure, the sub- 
sequent dilatation of the ventricle may be 
follow’ed by some degree of myocardial hyper- 
trophy but that hypertrophy in such cases is 
usually not of severe degree. 

Aschoff (1933b) did not believe m the exis- 
tence of atherosclerotic by pertrophy of the heart, 
while Kaplan and associates (1933) indicated 
lliat it w as not frequent. French and Dock ( 1944 ) 
were of the opinion that coronary disease causes 
no significant hypertrophy in the hearts of young 
men. Davis and Blumgart (1937), however, pre 
sented evidence that coronary sclerosis leads to 
cardiac hypertrophy, presumably because im- 
paired nutrition of the myocardial fibers induces 
stretching and hypertrophy of these fibers. Kars- 
ner (1955) states that hypertrophy occurs in in 
farcied hearts, independently of hypertension, 
and that it is probably caused by stretching of 
the remaming Iwng muscle. From their study 
of the vveiglit of liearts of soldiers who died of 
coronary disease, Yater and assoaates (1948c) 
also concluded that coronary artery disease alone 
may lead to hypertrophy of the left ventricle. 
Harrison and Wood (1949) stated tliat cardiac 
hypertrophy is the rule in ischemic heart disease 
(coronary artery disease and my'ocardial infarc- 
tion) and that it can be correlated with the dura- 
tion of heart failure. Boas and Boas (1949) re- 
ported tliat they had many patients with normal 
blood pressure under observation for years, and 


had observed progressiv e cardiac cn!ar(;einent de- 
velop in them after myocardial infarction. In 
every such patient, one or more episodes of heart 
failure followed the infarction. 

Relation of Infection to Coronary Sclerosis. 
In old syphilitic infeclioii of the thoracic aorta, 
one frequently sees superimposed atheroscle- 
rosis of a degree rarely encountered in the 
absence of syphilis. In syphilitic coronary 
arteritis, only the ostium and the first portion 
of the main stem of the coroiurv’ arteries are 
involved by the syphilis and there is usually 
little superimposed atherosclerosis; in the 
•ibscnce of syphilis, atherosclerosis of the main 
stem of the coronary arteries ordinarily' de- 
velops at a short distance beyond the ostia. 

On the basis of a careful study’, Karsiicr and 
Baylcss (1934) concluded that pre-existing rheu- 
malic disease of the coronaries predisposed tlie 
vesseb to atherosclerosis, Cross and Oppeiihclmcr 
(1936), however, from an analysis of their owii 
material, were led to believe that these two le- 
sions were independent and unrelated. .Myocsirdia! 
scars of small si^c may possibly he the result of 
old rheumatic disease, but they usually represent 
the effect of .itherosclcrolic occlusion of small 
branches of the coronary arteries. 

Many writers believ e that rheumatic disease has 
an allergic basis (see Chapter L\). Rich and 
Gregory (1947) sensitized 45 rabbits to horse 
serum and in 18 produced “stlcrotic” Ic.sions of 
Uie branches of the coronary arteries which weie 
comparable to those caused by rheumatic fever. 
They thought these lesions were similar to those 
found in disseminated lupus ery theinafosus and 
ill a large number of otlier diseases. The infer- 
ence 15 that allergy may possibly be a factor in 
man in the production of coronary sclerosis. 

Saphir (1936) reporlcrl die occurrence of se- 
vere atherosclerosis in the coronary arteries which 
were also the seat of thromboangiitis obliterans 
in a 33-> ear-old man. He believes that the latter 
condition may have been a factor m the produc- 
tion of atherosclerosis. There is relatively little 
evidence that acute or chronic infections favor the 
development of atlierosclerosis in die coronary 
arteries. Sapliir and Gore (1950) examined sec- 
tions from multiple blocks of the myocardium and 
major coronary- arteries from 13 male soldiers, 
ranging in age from 18 to 29 years, who died 
suddenly and une-xpectedly of severe coronary 
heart disease. In 10 of the 13 patients, the severe 
coronary sclerosis was associated widi evidences 
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of old inflammation. They thought that the vas- 
cular lesions may have been the result of a pri- 
mary inflammatory process. Saphir and his asso- 
ciates (1956) also raised the question whetlier the 
increase in coronary atherosclerosis in the younger 
persons in recent years may not be associated 
with hypersensitivity as a result of the common 
use of antibiotics and other drugs. 

Syphilitic Disease of Coronary Arteries. In 
approximately one-third of patients with 
syphilitic mesaortitis, the orifice of one or 
both coronary arteries is reduced in circum- 
ference (Saphir and Scott, 1930, Brucnn, 
1934). Bruenn found that the circumference 
of the orifice of the normal coronary artery 
was 8 to 10 mm. The ostium of a coronary is 
more likely to be involved if it is anomalously 
located above tlie sinus of Valsalva (Von 
Claim, 1923. Martland, 1930). 

In 1000 cons€Cuti\'e autopsies. Von Glahn 
(1930) found that in 80 (8 per cent), one oi 
both coronary arteries arose above the upper level 
of their respective sinuses of ValsaKa (Figuie 
VUI-12). In a senes of 133 cases of syphilitic 
aortitis (Turner, 1930), the orifice of either one 
or both coronary arteries was involved in 19 
hearts. The orifice of the right coronary aitery 
was narrowed in 15 instances and occluded in 2, 
that of the left coronary was narrowed in 11, and 
the orifices of both vessels were narrowed m 7. 
In every instance but one, the involved coronary 
artery arose eitlier at the upper level of Uie re 
spective sinus of Valsalva or above this line. In- 
asmuch as the syphihtic lesion usually stops at 
the upper level of the sinus, origin of a coronary 
artery above this level is an important factor in its 
involv’ement b)’ syphilis. In Bruenns series of 39 
cases of syphilitic coronary artentis, the orifice 
of the right coronary artery was totally occluded 
in 8 instances, that of the left coronary in one. 

Syphilitic coronary arteritis is not limited to 
the portion of the artery included in the wall of 
die aorta but may extend 10 to 12 mm, beyond 
the orifice to produce stenosis or occlusion of tlie 
lumen (Moritz, 1931). It rarely extends more 
than 1 cm. beyond tlie orifice. Such narrowing of 
the coronary arteries may gradu.illy progress to 
tlie point of complete occlusion, and yet the heait 
may show no evidence of myocarditis, fibrosis or 
infarction. The ostia of both coronary arteries 
were completely occluded in 2 instances reported 
by Leary and Wcam (1930); the myocardium, 
however, was of nonnal appearance, anastomotic 


channels enabling the heart to perform its ordi- 
nary functions. With extra exertion or emotion, 
however, these patients are likely to suffer attacks 
of angina pectoris; they are particularly exposed 
to the danger of sudden death. Occasionally syph- 
ilitic structural changes contnbute to myocardial 
infarction (Bean, 1937) but only in rare cases 
does syphihtic narrowing of the coronary ostia 
actually lead to this condition. It occurred in only 
3 of 39 hearts with syphilitic coronary stenosis 
studied by Bruenn, and in S of 40 studied by 
Burch and Winsor (1942). The average age of 
patients with sypliilitic stenosis of the coronary 
ostia is about 45 years. The condition is com- 
moner among Negroes than white persons, among 
men than among women. Kobemiclc (1947) re- 
ported myocardial infarction as a lesult of gumma 
of the right coronary artery with secondary throm- 
bosis of the artery. Martland (1930) reported 
aneury'sm of the aitery, with rupture in the peri- 
c.irdial sac, and death 

Relation of Thyroid Disease to Coronary 
Sclerosis. In hyperthyroidism an increased 
amount of work is thrown upon the heart and 
usually the heart shows mild to moderate dila- 
tation and hypertrophy. The microscopic 
changes are nonspecific. 



Figure VllI-12. Anomaloin origin of nglit coronary' 
artery with narrowing of o^lumi of tlic .artery by ox- 
tnisioii of 4>p3iiljlic aorliliA. (WCCif, 47 A 81.} 
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In experimental animals rendered hyper* 
thyroid by the injection of thyroxin and in per- 
sons with hyperthyroidism, Rake and McEachem 
(1932) found no specific myocardial lesions. Wel- 
ler and associates (1932), in a study of 35 hearts 
from persons witli exophthalmic goiter, found a 
relatively high incidence of (a) myocardial fi- 
brosis (80 per cent) which was not related to 
vascular obbteration, (b) endocardial sclerosis 
(89 per cent), and (c) cellular infiltrations (31 
per cent). In a control series of persons of the 
same age and sex, without thyroid disease and 
with no evidence of syphilis, rheumatic fever, in- 
fective endocarditis or severe coronary athero- 
sclerosis, these changes were less frequent 
(myocardial fibrosis was found in 51 per cent, 
endocardial sclerosis in 51 per cent and cellular 
infiltrations m 17 per cent). 

Myxederna is commonly associated with in- 
creased hypercholesterolemia, coronary scle- 
rosis and an enlarged rounded heart. Caution 
must be exercised in the therapeutic use of 
thyroid extract in myxedema, particularly if 
the patient develops angina during admin- 
istration of the drug. 

Smyth (1938) summarized the findings in 5 
cases of myxedema reported in the literature in 
which autopsy revealed myocardial infarcts. He 
added a case of his own m which a patient with 
myxedema and angina pectoris developed myo- 
cardial infarction while under treatment with 
thyroid substance. 

Smoking. The effects produced by tobacco 
(nicotine) vary greatly with the individual 
(C. B. Thomas et ah, 1936) and with the tol- 
erance acquired by habit. It is well recog- 
nized that angina pectoris may be provoked by 
smoking of tobacco (Arai ct ah, 1951), and 
it is generally agreed Uiat nicotine is the prin- 
cipal active ingredient. The evidence tliat lias 
been submitted for an etiologic relationship 
of tobacco smoking to coronar)' sclerosis is 
largely statistical. 

English and associates (1940) found an in- 
creasing incidence of coronary disease among 
men 40 to 49 years of age, with incre.ismg de- 
grees of smoking. Dolgoff and associates (1952) 
found a correlation between coronary disease and 
heavy smoking of cigarettes among patients below 
55 >ears of age. The average age of tlie heavy 
smokers with coronary disease was relatively low 


compared vvitli controls. Hammond and Horn 
(1954), in a clinical study of 187,766 white men 
between the ages of 50 and 69, reported that a 
total of 3002 deaths occurred among men vvJio 
gave a history of regular smoking of cigarettes, 
the mortality rate being 52 per cent greater among 
them than among men who had never smoked. 
The increase in mortality rate was kirgely attrib- 
uted to the effect of cigarette smoking in deaths 
primarily caused by coronary artery disease. 
Among those who smoked one package or more 
of cigarettes daily, tlie 745 deaths represented a 
mortality rate 73 per cent higher than that among 
the nonsmokers. Cofman and his co-workers 
(1953) claimed that among >oung men, heavy 
smokers (20 or more cigarettes per day) particu- 
larly had a significant elevation in their serum 
lipoproteins of low density, thereby increasing 
their risk of deatli from coronary artery disease 
by 40 per cent, as comptared vvitli nonsmokers. 
The validity of the relationship of lipoproteins to 
atlierosclerosis, however, has been questioned. 
Adlcrsberg and Zak (1952-53), in analyzing the 
clinical and pathologic features in fatal coronary 
disease in 50 persons aged 27 to 46 years and in 
50 persons aged 60 to 83 >ears, found 8 heavy 
smokers in the younger group and none in the 
older group. 

Summary of Factors in Atherogenes's. It 
appears tliat a number of factors operate in 
causing atlierosclerosis, including hereditary 
predisposition; the male sex; constant inges- 
tion of a diet rich in fats and calories; hyper- 
lipemia; diabetes mellitus; hypertension; me- 
chanical factors (increased intravascular 
pressure, as in the lower abdominal aorta; 
eddying of stream at sites of branching of 
arteries); ingestion of substances which are 
not completely metabolized (macromolecular 
substances); and local degenerative changes 
resulting from previous infection (atheroscle- 
rosis superimposed on syphilitic aortitis); 
aging; and possibly excessive smoking of ciga- 
rettes. 

Coronanj Insufficiency. Coronary 
Occlusion 

Pathologic Basis of Angina Pectoris. Blum- 
gart aud associates (1950) compared the car- 
diac findings at autopsy in 177 patients who 
had had angina pectoris during life with those 
in 532 persons who had had no clim'cal car- 
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diac manifestations. In 90 per cent of the 
patients with angina, significant coronary scle> 
rosis (narrowing or occlusion) was presentj 
in the other 10 per cent, syphilitic aortitis, 
arterial hypertension with cardiac hyper- 
trophy, or valvular lesions were held respon- 
sible for the angina. Most patients with an- 
gina had myocardial fibrosis and enlarged 
interarterial anastomoses; approximately two- 
thirds had at least one old complete occlusion 
of a main coronary artery or of a primary 
branch. Of the 532 persons without angina, 
40 per cent had significant silent coronary dis- 
ease. The authors concluded that in all their 
cases the basis for angina pectoris was coro- 
nary arteriosclerosis, arterial hypertension, or 
valvular disease, alone or in combination. 

Occurrence of Pain in Coronary Artery 
Disease. Cardiac pain is generally an indi- 
cation of relative myocardial ischemia result- 
ing from impairment of the coronary circula- 
tion. It occurs in approximately 20 per cent 
of persons with atherosclerotic narrowing of 
the coronaries and in approximately 40 per 
cent of those with atherosclerotic occlusion 
or thrombosis (Bruenn et al, 1936). Among 
177 patients with angina pectoris studied by 
Blumgart and associates (1950), not a single 
patient was found free of heart disease. All 
anginal patients had either coronary (90 per 
cent), valvular, or hypertensive heart disease. 
At least one complete occlusion of a main 
coronary artery or of a primary branch was 
present in approximately two-thirds of pa- 
tients with angina. Angina had been present 
in 52 per cent of patients with coronary oc- 
clusion, in 16 per cent of tliose witli valvular 
disease, in 5 per cent of those with coronary 
narrowing and in 3 per cent of those with 
hypertension. Complete occlusion of one or 
more of the main coronary arteries, hmvcver, 
may exist without giving rise to any symp- 
toms and may be unassociated with any evi- 
dence of myocardial damage (Blumgart et al., 
1941a). 

A history of cardiac pain may be obtained in 
approximately 95 per cent of patients ivilli fresh 
or recent myocardial infarction (Yatcr et a/., 
1948a), but only in a majority of patients with 
old inhircts (Kennedy, 1937; Gorlwm and Mar- 


tin, 1938) . Nearly all of the patients with fresh 
my'ocardial infarction who do not suffer cardiac 
pain give a history of dyspnea or weakness. 
Landman and associates (1949) undertook a 
study of asymptomatic myocardial infarction. In 
checking the clinical history of 255 patierjts in 
whom myocardial infarction was encounteied at 
autopsy, it was determined that pain, shock, dysp- 
nea and congestive failure had been absent during 
life in 28 (11 per cent). An analysis of their 
data, however, shows that only 9 persons (3.5 
per cent) had fresh infarcts without associated 
cardiac symptoms. 

Hirsch and Orme (1947) demonstrated sensory 
nerve fibers which terminate in the wall of the 
coronary arteries. They postulated that the stim- 
uli that produce pain in coronary disease arise 
in arterial and periarterial tissues rather than in 
anoxemic myocardium as is generally held. In 
painless myocardial infarction, the absence of 
pain of anginal type is attributed to localized de- 
struction of afferent pain fibers m peiiartenal 
plexuses of coronary arteries supplying the is- 
chemic areas of myocardium (Harrison and Res- 
nick, 1950). 

Hypoxemic Necrosis following Coronary 
Insufficiency. Biicbncr (1939) has described 
foci of “hypoxemic necrosis” of heart muscle 
resulting from an acute or chrotiic deficiency 
of oxygen (coronary insufficiency). The 
causes include atherosclerotic stenosis of 
coronary arteries, syphilitic narrowing of tlie 
ostia of the coronary arteries, circulatory 
shock, aortic insufficiency, severe anemias, 
subacute carbon monoxide poisoning, breath- 
ing air of reduced oxygen concentration, as 
at high altitudes (15,000 feet and higher), 
massive pulmonary embolism, and chronic 
ventricular hypertrophy with decompensa- 
tion. According to Buchner, the necrotic foci 
of muscle are of microscopic size, and at first 
show loss of striations of the fibers, coagula- 
tion of the sarcoplasm into a homogeneous 
mass, and sJirinkage of the nuclei. The nuclei 
then disappear and in the course of about 24 
hours, tile necrotic fibers become infiltrated 
with polymorphonuclear leukocytes. The frag- 
mented necrotic material is liquefied by fer- 
ments (from the serum) and resorbed, the 
local conneclhe tissue cells acthely prolifer- 
ate and, in the course of days, the necrotic 



584 


PATHOLOGY OF THE HEART 



Figure VIII-13. Comtnctlon of small 
coronary artery in woman who devel- 
opeJ gangrene of the lower c'ctremities 
aud died m acute heart failure after 
rccming 4 successne daily injections 
of crgotaiiiinc tartrate inlrantuscularly- 
(WCGH, 30 A 1 ) 

focus is replaced by fibrous tissue which forms 
a small scar. At times the coronaty insuffi- 
ciency, which is responsible for the necrotic 
foci, is attended by angina pectoris and an 
electrocardiogram may show depression of 
the S-T segment below the isoelectric line. 
Tlie sites of predilection of these necrotic 
areas are the inner layers of the left ventricle 
and the papillary muscles and trabeculae of 
this chamber. When coronary insufficiency in- 
volves chiefly the right s’entricle, as in massive 
pulmonary embolism, hypoxemic necrotic foci 
may be encountered in Uiis ventricle. 

Beck (1938) rcMewed tiie clinical effects and 
pathologic changes caused by carbon monoxide 
poisoning. He pointed out that it is not generally 
recognized tliat, in addition to acute aspliyviation, 
tile gas may cause disability or dcatli from the 
remote effect of acute poisoning and from the 
chronic effect of slow but persistent poisoning- 
These effects result chiefly from aiioxcraic cliangcs 
induced m the myocardium, with hemorrhage and 
necrosis, or from coronary' tlirombosis. Dack and 
associates (1949) ha\e presented electrocardio- 
grapliic and anatomic c\idence of acute coronary 
insufficiency caused by pulmonary embolism. 
Tliey found Uiat tho left \entricle is affected ad- 


versely and often to a greater extent than the 
riglit ventricle. In tlieir senes of 41 fatal cases 
of pulmonary embolism, they found an electro- 
cardiographic pattern of coronary “insufficiency.” 
Ten patients had myocardial necrosis or infarc- 
tion resulhng from the acute coronary insuffi- 
ciency, and none of these had acute occlusion of 
a coronary artery. In 3 of the 10 patients, gross 
clunges were apparent. The commonest sites of 
necrosis were the subendocardial laj-er of the left 
ventricle and the papillary muscles. The right 
ventricle was involved in only 1 case. 

Master and associates (1950) demonstrated 
subendocardial lesions in patients suffering from 
evidences of acute coronary insufficiency follow- 
ing acute hemorrhage, particularly of the gastro- 
intestinal tract. As in the lesions described by 
Buchner (1939), the subendocardial layers of the 
posterior wall, septum and papillary muscles of 
the left ventricle contained focal or grossly recog- 
nizable confluent areas of myocardial necrosis. 
The necrotic muscle had a uaiform appearance 
witl) loss of striations, changes in staining abibty 
and loss of nuclei, together with scattered Iiemor- 
rhages and reactive cellular infiltrations. Tlie le- 
sions were more severe in patients in whom the 
myocardial ischemia was protracted and in those 
with previous cardiac disease, such as severe coro- 
nary sclerosis, cardiac hypertrophy or aortic valv- 
ular disease. Inasmuch as the condition may be 
induced by such causes as carbon monoxide 
poisoning or anemia, m which there is insuffi- 
ciency of oxygen supplied to the myocardium and 
no disease of the coronary arteries, Sclierf and 
Colbcy (1954) have proposed that the term be 
limited to indicate a certain pathophysiologic 
state and not a definite disease entity. Highman 
and Altland (1949) exposed rats to an allitude of 
25,000 feet for 4 hours daily, none of the 
animals living more Uian one-half their normal 
life span. Nearly all the animals had severe va.s- 
cular engorgement. Most of tliem had hyper- 
trophy of Uie heart and tliickening of the cardiac 
valves. Many had vegetations (usually sterile) of 
the valves, particukrly of tlie mitnil valve, sub- 
endocardial fibrosis of Uie left ventricle and fatty 
and other degenerative clianges of the rayocar- 
ffium. One rat had tlirombotic coronary occlu- 
sions and extensive myocardial infarction. These 
changes apparently are the result of repeated 
episodes of hypoxemia, and of secondary poly'Cy- 
themia- 

Causes of Coronary Occlusion. The prin- 
dpal cause of coronary occlusion is athcro- 
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sclerosis with or witliout superimposed llirom- 
bosis. The ostium of either main coronary 
artery may be occluded by syphilitic arteritis 
as an extension of the disease from the aorta. 
Occasionally a coronary artery may be oo 
eluded by an embolus, polyarteritis nodosa, 
tliromboangiitis obliterans, rheumatic infec* 
tion, mycotic infection, or as a result of 
trauma. These subjects are discussed in some 
detail in other sections. Occlusion may also 
be caused by pressure from without, as by 
neoplasm, extension of a dissecting aneur^'sm 
of tlie aorta (Bayley and Monte, 1943) or 
aneurysm of the sinus of Valsalva (Chipps, 
1941). 

Sudden Death following Administration 
of Drugs. Mills and associates (1949) re- 
ported 4 instances of severe myocardial is- 
chemia, with 3 deaths, following injection of 
Pitressin as a diagnostic aid in cholecystog- 
raphy. The injection of the drug, a powerful 
coronary vasoconstrictor, was believed to Iiave 
been responsible. McNerney and Leedham 
(1950) reported the occurrence of clinical 
acute myocardial infarction following intra- 
venous injection of 0.5 mg. ( 1 ml. ) ergotamine 
tartrate (Gynergen). 

Ill a 52-year-ol<l woman who died appaiendy 
of acute cardhic failure, following the subcu- 
taneous injection of four ampules (one daily for 
4 successive days) of 0.5 ml. of 1:2000 (0.25 
mg.) ergotamine tartrate (Gynergen), the small 
coronary arteries (Figure VIJI'13) sliowed .ap- 
parent thickening of the walls and severe reduc- 
tion of the lumen (Gould ct al., 1936). The main 
coronary arteries also appeared to be narrowed 
but no myocardial clianges were observed. 

Occlusion following Hemorrhage in 
Atlierosclerotic Coronary Arteries. Paterson 
(1936) and Wartman (1938) have described 
occlusion following bleeding in the inlimal 
lesions of atherosclerotic coronary arteries. 
According to Pateisoii, intimal capillaries 
often arise directly from the lumen (ratlier 
than from the vasa vasorum) of the coronary 
arteries in association with atherosclerosis. He 
believes that tlie intimal capillaries rupture, 
witli resulting hemorrhage in the int/ma, be- 
cause of (a) softening, by the atheroma, of 
the tissues surrounding and supporting the 


capillary wall, and (b) high intracapillary 
blood pressure. Damage to the endothelium 
by extravasation of blood tlien leads to coro- 
nary Uirombosis (Figure VIII-14). Paterson 
states that the intimal capillaries, arising di- 
rectly from the lumen, are constantly exposed 
to the relatively high blood pressure within 
the coronary lumen; and tiiat they are thus 
subject to sudden increases in coronary blood 
pressure. For this reason, excessive exercise 
and emotional stress are intimately concerned 
with intimal capillary rupture and, therefore, 
may be factors in the production of coronary 
thrombosis. In a study of multiple or serial 
sections, Paterson (1938) found such hemor- 
rhagic foci at the site of tlirombotic occlusion 
in 31 of 36 consecutive cases of thrombosis. 
He claims tliat high blood pressure within the 
coronary lumen is a factor in the production 
of internal Itemorrhage in the vessel wall and 
submits evidence to show that such hemor- 
rhages are more frequent in liypextensive than 
in nonhypertensive subjects. 

Warbnan (1938) encounteied hemorrhage, 
usually massive, in the iutintal lesions, which 
caused stenosis of Uie lumen of the affected ar- 
tery. The occlusion of the coronary artery was 
caused solely by the intramural hematoma in 15 
per cent of 41 instances; m 84 per cent of the 
others, intramural hemorrhage and thrombus were 
associated (Figures VIII-IS and Vni-16). It 
seemed probable that tlie thiombus had been 
formed as a result of hemorrhage following rup- 
ture of capillaries. In a subsequent report, Wart- 
man (1949) estimated that in about 60 per cent 
of cases of coronary occlusion, hcmorrh.-jge into 
the Ultima is the precipitating factor. In approxi- 
mately 10 per cent, occlusion is caused by an 
evpanding hematoma; m about 20 per cent the 
hemorrhage is not large enough to obstruct the 
lumen completely, but a thrombus may be asso- 


Figurc Vin-14. llcniorrliage in ''all of alhcrosclo- 
nilic riglit coronary arterj-, leading to Uiroinfiosis. 
(WCGII, 47 P 279A.) 
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Figure VlII-15. Hcniorrliage in sclcroUc intima of 
coronary artery wilh nipture into lumen of vessel. 
XIOO. (WCCII, 40A91.) 


cialed, and in moie tlian 30 per cent occlusion is 
caused by rupture of the hematoma through the 
xntima with subsequent thrombosis. Wartman 
(1030) has also desenbed similar thrombosis fol- 
lowing intramural bleeding in atherosclerotic iliac 
and femoral arteries. 

If only one or two sections are taken from each 
of the mam coronary arteries, hemorrhage in 
atlxerosclerohc plaques is encountered less often. 
Thus, French and Dock (1944) found hemor- 
rhages m the atherosclerotic plaques of the coro- 
naries of only 5 of 80 soldiers (6 per cent) wilJj 
fatal coronary sclerosis, and Yaler and associates 
(1948c) encountered hemorrhage iii atheroscle- 
rotic plaques in 12 per cent of persons who died 
suddenly from coronary' artery disease. 

In the normal artery, only the adventitia and 
the outer two-tlurds of die media are supplied 
with capillaries from the adventitial vasa vasorum; 
the normal intima is avascular (Ramsey, 1936- 
37). Tlie ingrowth of blood capillanes about 
atherosclerotic plaques in the coronary arteries 
usually comes from the \asa wisorum and only 
occasionally from the intima (WolkofF, 1929, 
Elirich ct ai, 1931, Leary, 1938). According to 
Drury (1951), capillary bleeding is less important 
but more common from the deep transmeilial cap- 
illaries than from those diat coniinumcatc with 
the lumen. Winlemitz and associates ( 1937, 
1938) have advanced the idea that heniorttuiee 
from the capillaries in the walls of the aorta or 
coronary arteries is an important factor in the 
production of atherosclerosis. 

Kowalczykowa (1934) reported the occur- 
rence, in a man aged SO, of spontaneous nipture 


of an atherosclerotic branch of the Ieftcircuinfle.v 
coronary artery; diis led to a subepicardial hema- 
toma and to secondary and fatal hemorrhage into 
the pericardial sac. Drury (1954) studied, by 
means of serial and step sections, the hearts of 
53 persons who died from coronary' disease. Each 
of llie 53 diseased hearts had one or more occlu- 
sions; in 37 (60 per cent) the occlusions were 
associated with intimal hemorrhage; in 26 occlu- 
sions, there was intraluminal thrombosis and 16 
of tliese were associated with intimal hemorrhage. 
The commonest cause of coronary thrombosis and 
intimal hemorrhage, either separately or com- 
bined, was destmehon of tlie endothelium by the 
alheruiiia. He found no evidence that hemor- 
rhage IS important as a precipitating Ctiuse of 
coronary thrombosis. 

Fatal Coronary Occlusion without Infarc- 
tion. Blumgart and associates (1941a) e.\- 
plained the occurrence of complete coronary 
occlusion or severe narrowing of one or more 
coronary arteries without evidence of myo- 
cardial infarction, by the slow progress of 
the obstructing lesion which allows suiBcient 
lime for the formadon of an adequate col- 
lateral coronary circulation. In the hearts of 
apvwovimately two-thirds of 177 patients who 
had had angina pectoris during life, Blumgart 
and associates (1930) found at least one old 
complete occlusion of a main coronary artery 
or of a primary branch. Karsner (1953) states 
that he has not observed infarction to result 
from gradual occlusion of the coronary ar- 
teries by arteriosclerosis. It is believed tliat, 
in a significant number of cases of coronary' 
artery disease, myocardial ischemia rather 
than true myocardial infarction, may result 
in cardiac standstill or an abnonnal rhythm, 
such as ventricular fibrillation, and be respon- 
sible for death (York and Bell, 1946; Edwards, 
1957). 

Holyoke (1945), hy injection cf the coronary 
arteries by Schlcsinger's method, found old oc- 
clusions III 11 hearts, in 3 of whicli no old infarcts 
were present; he also encountered 3 hearts with 
nK«iit occlusions, 2 of which shovve<I no recent 
infarction. Ravm and Geever (1918) demon- 
strated coronary occlusion in 18 injected hearts; 
in 5 of Uicse 18, infarction was absent. In ap- 
protlinately lliree-fourllis of uiscs of sudden 
dcatli from coronary “insuflicieiicy” (sec page 
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562, Yater et al., 1948c), no gross myocardial 
infarction was found. In most of these cases, 
the coronary arteries showed sclerotic occlusion 
without thrombosis, a lesser number, sclerotic oc- 
clusion and thrombosis, and a small percentage, 
neither sclerotic occlusion nor thrombosis When 
sudden death occurs from a Tapulhj fortjung 
thrombus at the site of an atherosclerotic plaque, 
before myocardial necrosis appears, tlie heart 
usually shows evidence of previous damage 
(Monckeberg, 1924). The development of throm- 
bosis of an atherosclerotic vessel further leduces 


die capacity of the coronary artery to nourish the 
myocardium adequately and thus increases the 
chance of death from acute insufficiency. 

Morris (1951) listed the following three 
main interacting elements in ischemic heart 
disease: (1) atheroma, with narrowing of 
coronaries, vascularization of intima, necrosis 
and hemorrhage; (2) recent and old occlusion 
of the coronaries; and (3) collateral circula- 
tion. 


MYOCARDIAL INFARCTION 


Etiologic Considerations 

Myocardial Infarction in Infancy. Ravfch 
and Rosenblatt (1947) found no reported 
cases of myocardial infarction m the newborn 
and only 4 in infancy. Tliey studied myocar 
dial infarction in 2 newborn infants, one aged 
10^ hours and one, 2 days. In the first case 
there were thrombi in the coronary arteries 
and veins and an infarct in the dorsal wall 
of the left ventricle. Tlie thrombosis was re* 
lated to trauma incident to birth. In the sec- 
ond case, branches of the coronary arteries 
showed medial sclerosis and tlirombosis, 

Ellis (2935) encountered in a 9-month-oJd 
hydrocephalic infant, aneurysmal formations at 
and above the apex of the left ventricle, occur- 
ring within an area of infarction Jokl and Green- 
stem (1944) described fatal coronary sclerosis in 
a boy of 10 years who died 5 minutes after a 
boxing match. The descending branch of the left 
coronary was obstructed by a tlirombus one inch 
long, beginning one-half inch from the onficc. 
Above and below the occlusion, there were 
atheromatous changes in the intima. Histologi- 
cally, the vessel was almost completely occluded. 
The intima W’as considerably thickened and h>a- 
linized. There were several plaques of calcium 
between the intima and media and the surround- 
ing tissues were infiltrated with er>tliroc>tes. Tlie 
internal elastic layer was dismpted and com- 
pletely absent in parts. 

Severe coronary atherosclerosis with occlusion 
and myocardial infarction may alvo be seen in 
early childhood in familial hypcrcholcste/olemia 
and xaulhomatosis (see pages 572 and 573), and 
in infancy when either or both coronartf ar/crics 
arise from ihr ptifmouartj trunk. (See page 427.) 


Fatal Coronary Occlusion or Myocardial In- 
farction Before Age 40. Underdahl and Smith 
(1947) found reports of only 27 women with 
clinical coronary artery disease among 95,000 
women under 40 who were seen at the Mayo 
Clinic between 1935 and 1945, 7 had definite 
myocaidial infarction and 2, questionable infarc- 
tion They beheve that coronary disease in women 
under the age of 40 is rare except in association 
with obesity, hypertension or hyperlipemia. 
Evans and Gniybiel (1948) leported fatal coro- 
nary thrombosis m a woman of 19 with liyper- 



coniiUTy .irlcry .ns tli.it shown in rigvire VIU-IS, 
vliOHiiig intrannirjl hciiKirrhagc and thruinbu->is. 
XIOO. 
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tension. They belie\e Uiat their patient was the 
youngest woman on record with fatal thrombosis. 
At autopsy Uiey found occlusion of the right 
coronary, atherosclerotic narrom'ng of the left 
coronarj’, and areas of mjocardial scarring. Yatcr 
and associates (1948a) reviewed the literature 
on coronary artery disease in persons under 40. 
The total number of persons reported to be un- 
der 20 >ears of age was 14 (9 males, 3 females, 
sex of 2 not stated), between 20 and 29 \cars, 
128 (109 males, 3 females, sex of 16 not staled): 
under 40 years, 744 (597 males, 29 females, sex 
of 118 not stated). These totals include the re- 
port of Meessen (1944) of 326 German soldiers, 
of whom 78 were between 20 and 29 years of age. 

Yater and associates (1951) compared the 
findings at autopsy in 450 men under 39, with 
those in 500 men over 40. They found that men 
under 40 were much more likely to ha\c throm- 
botic occlusion alone than were alder men. and 
that the latter were more likely to base cither 
simple narrowing of the coronary arteries or both 
sclerotic and thrombotic occlusion. Adlersirerg 
and Zak (1952) studied two groups of 50 per- 
sons ^v>th fatal coronary artery disease, one group 
ranged from 27 to 46 years of age, the other from 
60 to 83 \ears. The jomiger group was character- 
ized by an increased familial occurrence of heart 
disease, a shorter clinical history', relatively more 
men, a greater percentage of women who were 
ovenveight, a high mcidence of heavy smokers 
(none in the older group), a lower incidence of 
hypertension and diabetes, and lugher levels of 
cholesterolemia. In the younger group, there was 
3 greater occurrence of extreme heart weights 
(500 Gm. or more), despite the lower incidence 
of hypertension, possibly because of a greater 
ability at compensatian of the myocardium in 
the young. Disproportion between severe coro- 
nary disease and mild systemic atherosclerosis 
was often found in the younger group. 

Age at Onset of Angina Pectoris and of 
Myocardial Infarction. As one would ex- 
pect, the average age at onset of angina pec- 
toris is lower than at onset of myocardial in- 
farction. Riseman and Brown (1937), in 100 
patients with clinically proved angina pectoris 
in whom symptoms were induced by a stand- 
ard exercise, determined the age of onset as 
follows: 5 per cent in the thirties, 30 per cent 
in the forties, 49 per cent in the fifties and 
16 per cent in the sixties. Tlie average age 
at onset of infarction in 222 patients studied 


by Bean (1937) was 61 years (males 60.1 
years, females 61.7 years). Approximately 10 
per cent of the patients were in the forlics, 
25 per cent in tlie fifties, and 35 per cent in 
the sixties. Chambers (1946) followed 100 
consecutive patients after their initial attack 
of acute myocardial infarction. The ratio of 
men to women was 3 to 1. The women in the 
scries were older and their mortality rate was 
higher than that of the men. This is true in 
most studies of a similar tuturc. 

Incidence of .Xfyocardial Infarction at Au- 
topsy. Benson and Hunter (1925) encoun- 
tered infarcts in 4.1 per cent of 1750 autop- 
sies. Barnes and Ball (1932) of the Mayo 
Clinic, in a series of 10(X) consecutive autop- 
sies, found 49 hearts with old or recent 
infarcts (4.9 per cent). Forty of the patients 
were men, 9 were women. In 18 the infarct 
was the cause of death and in 19, a contribu- 
torx' cause of dentil. McCain and associates 
( 1950) of Western Reserve University re- 
viewed 3559 autopsies which were performed 
during the 10-vear period from 1936 to 1945 
inclusive. Myocardial infarcts were found in 
281 persons (7.8 per cent), of whom 19S 
were male and 83 female. Tin’s gave an inci- 
dence of 8.7 per 100 aiitopsie.s in males and 
6.5 per 100 autopsies in females, or a cor- 
rected ratio of men to women with myocardial 
infarcts of 1.3:1. Tlie average age at death for 
men was 609 years, for women, 62.9 years; 
for Negroes, 56.1 years and for white persons, 
622 years, .\mong 149 patients it was pos- 
sible to detennine tlie date of occurrence of 
the infarction and in 93 of these, death oc- 
curred within 1 month after onset. Gould 
and Cawley’ (1958), in a scries of 5000 con- 
secutive autopsies, encountered oS8 licarts 
with old or recent infarcts (11.76 per cent). 
Tlie av’erage age of tlie 588 patients was 68.2 
years. If we combine these four series, we 
have a total of 990 hearts writli infarcts among 
11,309 autopsies, or an incidence of 8.75 per 
cent. 

Master and associates (1939c) estimated 
the number of attacks of coronary occlusion 
tliat occur annually' at 1,000,000 while Fried- 
berg (1949) placed tliis number at about 
500,000. If we assume that the av’erage in- 
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cidence of 8.75 per cent of myocardial infarcts 
found in the above-mentioned 4 series of 
autopsies is representative for tlie United 
States, then among the total number of over 
1,500,000 deaths annually in the United States, 
myocardial infarcts will be found in approxi- 
mately 130,000 persons at autopsy; and if the 
average length of life following the first attack 
of myocardial infarction is taken as 5 years 
(Katz et al, 1949), then there are now ap- 
proximately 650,000 persons living in the 
United States xvho have had one or more in- 
farcts. 

Rintelen (1032) of the Basle Pathological In- 
stitute found, among 5200 autopsies, fresh myo- 
cardial infarcts which he regarded as the cause 
of death in 51 instances (1 per cent). Could and 
Cawley encountered 136 heaifs (2.7 per cent) 
with fresh or recent infarcts (see below). 

Undiagnosed Myocardial Infarctions. As- 
penstrdm ( 1954), in a pathologic study, found 
among 138 recent infarctions that 27 ( 20 per 
cent) were undiagnosed, and among 59 old 
infarctions that 47 (80 per cent) were not rec- 
ognized. The main causes of missed diagnoses 
seem to have been the absence of classic pain 
and of electrocardiographic signs. Painless 
infarcts occurred chiefly in old patients and 
in those xvith cerebral damage or diabetes. 
Among 250 patients with gross cardiac scars 
indicative of healed myocardial infarctions, 
Edwards (1957) found that only 108 had 
clinical evidence of an acute infarct. In a 
series of 5000 consecutive autopsies in a 
county general hospital, Gould and Cawley 
(1958) found 588 hearts xvith one or more 
infarcts (11.76 per cent). Of these, 136 (2.7 
per cent) were fresh or recent; 277 (5.5 per 
cent) were old infarcts which were diagnosed 
or suspected; and 175 (3.5 per cent) were old 
and unsuspected. Thus, of the total of 452 old 
infarcts, 38.7 per cent were undiagnosed. 

Incidence of Sudden Death from Coronary 
Disease. Sudden death may be defined as 
unexpected death, occurring ^vilhIn 24 hours 
of the onset of symptoms. 

Hammaii (1934) analyzed reports of scries 
of sudden deaths by several authors and calcu- 
lated that 91 per cent of 700 such deallis from 


natural causes resulted from diseases of the car- 
diovascular system and 40 per cent of all sudden 
deaths from natural causes resulted from disease 
of the coronary arteries. The most important nat- 
ural causes of sudden death and their relative 
incidence were as follows: 


Cause of Death Per Cent 

Disease of the coronary arteries, includ- 
ing syphilitic occlusion of ostia 40 

Aneurysm of aorta 12 

Valvular heart disease 12 

Alyocardial disease 8 

Cerebral hemorrhage 8 

Pulmonary embolism 5 

Pulmonary hemorrhage 5 

All other causes 10 


In a series of 500 cases of sudden cardiac 
death, subjected to legal anfopsy in Copenhagen, 
Munck (1946) found that 79 per cent were 
associated with coronary sclerosis, 11 per cent 
with syphilitic aortitis, and 4 per cent w-ith valvu- 
lar disease, mainly aortic stenosis. Twenty per 
cent of those with coronary disease revealed no 
occlusion or myocardial infarct, 36 per cent had 
a thrombus and 19 per cent, a fiesh infarct. 
Moritz and Zamcheck (1946) found, among a 
series of 115 cases of sudden death of American 
soldiers from coronary atherosclerosis, evidence 
of coronary thrombosis in 31, sclerosis without 
thrombosis in 23, and seveie sclerosis without 
tliiombosis or obliteration in 61. In 22 heaits, 
infarcts were present, 13 of these were recent 
and 7 were old. 27 other hearts had myocardial 
fibrosis but no myocardial infarct was recognized. 
(See also Cardiac Lesions in Sudden Death from 
Coronary Disease, page 599.) In a series of 
2030 cases of sudden and unexpected natural 
death in New York* City, Babson and Helpern 
(1948) determined that in 45 per cent of cases 
death was attributable to diseases of the heail 
and aorta, and in SO per cent to coronary scle- 
rosis. In tliree-fourths of the deaths from coro- 
nary sclerosis, coronary occlusion was not asso- 
ciated with a thrombus, and in (he remaining 
fourth, the thrombus was not alwa)s fresh. 

Yater and associates (1948c), in a study of 
tlie hearts of 450 men 18 to 39 years of age who 
died suddenly from coronary .artery dise.ise, 
found only sclerotic occlusion in 39 per cent, 
only thrombotic occlusion in 38 per cent, both 
sderotic and thrombotic occlusion in 13 jjcr rent, 
and neither sclerotic nor thrombotic occlusion 
in 10 i>er cent. In only one-fourth of the 450 
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Figure VIlI-17. Closure of ostium of high-placed 
right coronary ostium by atherosclenibc plaque. 
Heart was the seat of fresh infarction (Courtesy Dr 
J. L. Chason and Jerome ScWeifler, Veterans Admin, 
islration Hospital, Dearborn, Mich WCCH, 55 P 
203 ) 

hearts was gross evidence of myocardial infarc- 
tion present. 

It is thus seen that heart disease is the com- 
monest cause of sudden death from natural 
causes; that the commonest t>’pe of heart dis- 
ease at fault is coronary atherosclerosis, and 
that in approximately one-half of instances 
of sudden fatal coronary disease, neither ar- 
terial thrombi nor fresh myocardial infarcts 
are present. 

Sex Incidence in Myocardial Infarction. 
Tlie incidence of myocardial infarction among 
men is at least tliree times that among women. 
Master and associates (1939b), in a study of 
500 patients witli myocardial infarction from 
coronary occlusion, found a ratio of men to 
women of 3.4 to 1; Baher and Willius (1938) 
a ratio of 7 to 1; and Chambers (1946), a 
ratio of 3 to 1. 

Race Incidence of Coronary Thrombosis 
and Myocardial Infarction. Peery and Lang- 
sam (1940) reported that coronary throm- 
bosis in the Negro, with or without hyperten- 
sion, was relatively rare. Among persons over 
30 jears of age who died of cardiovascular 
disease, coronary thrombosis was responsible 
for death in 3.0 per cent of Negroes and in 
14.6 per cent of white persons. Fitzgerald and 
Yater (1946) determined from the autopsy 
records of a Washington (D.C.) hospital that 


Negroes had a tendency to die of myocardial 
infarction about a decade earlier in life Uian 
did white persons. Yater and associates 
(1931) found that, of 635 soldiers on active 
duty in World War II wlio died of coronary 
artery disease, 3.5 per cent were Negroes, as 
compared to an incidence of Negroes in the 
army population of 10 per cent. (See also 
page 571.) 

Weiss and Gray (1934) presented evidence 
that myocardial infarction in Negroes was in- 
frequent in the absence of hypertension. MeVay 
and Keil (1955) found that myocardial infarc- 
tion uas as frequent in Negro men as in Negro 
women, but was three times as common in white 
men as in white women. The average ages of 
those with infarction were as follows: Negro 
women, 55 years; white women, 65 years; Negro 
men, 61.7 years, white men, 62.7 years. Among 
the 558 hearts with infarcts studied by Gould 
and Cawley (1958), the incidence of infarcts 
among white patients was 12.8 per cent and 6.0 
per cent among Negroes. The average ago of all 
588 patients was 68.2 years; of white patients 
68.8 years; of Negro patients 61.8 years. The 
average age of white women was greater than 
that of white men; of Negro women less than that 
of Negro men. 

Occlusion of Anomalous Coronary Arteries. 
Wlien the orifice of a coronary artery (more 
often the right coronary artery) is located in 
the wall of the aorta above its nonnal position 
(Von Claim, 1936), it is particularly predis- 
posed to involvement by syphilitic aortitis 
(Figure VII-10). When the orifice is thus 
situated abnormally high, it is also more likely 
to be occluded by an atherosclerotic plaque 
(Figure VIII-17). 

A single coronanj artery may take over the 
function of the absent vessel, without damage 
to the myocardium, and appear at autopsy 
as an incidental finding (Krumbhaar and 
Ebrich, 1938). (See Chapter VI, pages 425 
to 428.) Roberts and Loube (1947) reviewed 
31 cases of congenital single coronary artery 
(single right artery, 17; single left artery', H; 
identity of artery undetermined, 3). The aver- 
age was 39 y ears; 4 of the patients were less 
than 10 years old, 14 over 40 years of age. 
Absence of the left coronary artery (the single 
artery’ being the right coronary artery) w’as 
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associated in 4 patients with myocardial in- 
farction, and in 3 patients with myocardial 
fibrosis or ischemia. This indicates that tlie 
right coronary artery alone is less able to 
maintain an adequate blood supply to the 
heart than is the left artery alone. 

Either coronary artery or botli coronary ar- 
teries may arise from the pulmonary trunk. 
Origin of the right coronary from the pulmo- 
nary is rare, having been reported twice 
(Monckeberg, Schley, consult Kaunitz, 1947), 
both times in adults. In these cases both coro- 
naries were dilated, the right one being thin- 
walled and resembling a vein. Kawnilz re- 
viewed 27 cases, 20 in infants aged 2% to 13 
months and 7 in adults aged 17 to 64 years, 
in \v}jich the left coronary took its origin from 
the pulmonary trunk. In such cases there is 
chronic anoxia of the portions of the heart 
supplied by the left coronary, with shrinkage, 
fibrosis, and calcification of the left anterior 
papillary muscle. If the collateral circulation 
is inadequate between the coronary arteries 
or between tho left coronary and the left ven- 
tricular cavity, the left ventricle may show 
dilatation and hypertrophy and even aneurys- 
mal bulging, fibroelastic thickening of the 
endocardium, focal areas of calcification and 
dilated sinuses in the myocardium, while the 
left coronary artery is wider and thinner than 
normal, its media showing a poorly developed 
muscular layer and its intima having fibro- 
elastic thickening. 

Only 2 cases have been reported in which 
both coronaries arose from the pulmonary 
trunk; in each of these, life was maintained 
for only 10 hours (Grayzel and Tennant, 
1934; Limbourg, 1937). The cardiac hyper- 
trophy that occurs as a result of anoxia when 
the left coronary arises from the pulmonary 
trunk is regarded as strong evidence that 
chronic coronary insufficiency can cause car- 
diac hypertrophy. 

Dutra (1950) reported, in a 5-month-old 
male infant, origin of the left coronary artery 
from the first portion of tlie right pulmonary 
artery. The branches of the left coronary ar- 
tery showed thickening of the intima while 
the left ventricle showed subendocardial fi- 
brosis and two recent infarcts, together with 


fibrosis and calcification of the myocardium. 
One of the 3 cases of origin of left coronary 
artery from the pulmonary trunk, reported by 
McKinley and associates (1951), was unique 
in that the 2-month-old male infant died from 
hemopericardium following rupture of the in- 
farcted myocardium. 

Coronary Occlusion in Dextrocardia. Clin- 
ical coronary occlusion has been reported 
(Crawford and Warren, 1938) in a patient 
with situs inversus and congenital dextro- 
cardia. Tile patient had pain localized in the 
right side of the chest and numbness in the 
riglit arm. 

Factors in Causation of Myocardial Infarc- 
tion. Myocardial infarction is the result of 
sustained, relatively severe myocardial is- 
chemia. In most cases the ischemia is caused 
by coronary occlusion; this may be sudden, 
as in embolism; relatively sudden, as in 
thrombosis, especially when thrombosis re- 
sults from hemorrhage into the wall or into 
the lumen of the vessel; or gradual, as in 
coronary atljeroscJerosis ^vit}lOut tljrombosis. 
Gross (1921) listed the following determining 
factors in the production of myocardial in- 
farcts; (a) size of obliterated vessel; (b) lo- 
cation of obliterated vessel; (c) duration and 
rapidity of obliteration; (d) condition of gen- 
eral circulation and of the heart musculature; 
and (e) age of the individual. He regarded 
the age of the individual affected as of prime 
importance, since the older the person, the 
greater and freer are the anastomoses and the 
better will he be able to withstand the effects 
of sudden obliteration of a nutrient vessel. 
In appraising tlie condition of the Jieart mus- 
culature, one must consider the presence of 
concomitant disease in other branches of the 
coronary arteries and the presence and de- 
gree of cardiac hypertrophy. Miller (1939) 
Xiointed out that possible contributory factors 
in myocardial infarction include those which 
increase the volume, viscosity, formed cellular 
elements, minerals or protein of the blood and 
those which lessen coronary flow. 

Diminution of coronary flow follows (1) 
lowering of diastolic blood pressure, (2) de- 
crease in systolic output, and (3) constriction 
of coronary arteries (Luten, 1931). 
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In polycythemia vera, tlie viscosit>' of the 
blood is increased, tlie blood stream is slowed 
and the tendency to arterial Uirombosis, in- 
cluding coronary thrombosis, is increased, 
particularly if atherosclerosis is associated 
(Boas and Boas, 1949). In 33 of 98 patients 
(34 per cent) with polycytliemia vera seen 
at the Mayo Clinic (Norman and Allen, 1937) 
vascular complications were present; 5 of 
these 33 patients had disease of the coronary 
arteries. Miller (1939) reported 7 cases of 
polycythemia vera which came to autopsy; of 
these, 3 had myocardial changes with coro* 
narj' occlusions, 2 myocardial changes but no 
coronary occlusion, and 2 neither my'ocardlal 
clianges nor coronary occlusion. Vascular 
complications occurred in 23 of 68 patients 
w’ith proved polycythemia seen at the Ochsner 
Clinic in New Orleans by Burris and Arrow- 
smitli (1933). Only 3 of these patients had 
myocardial infarction. 

Among prccipifatiuff, factors in acute myo- 
cardial infarction, Bean ( 1937 ) includes e.K- 
posure to very low temperatures. infecUons, 
spontaneous and insulin hypoglycemia, in- 
direct trauma, operative trauma, anesthesia, 
hemorrhage, and shock Occupation and ac- 
tivity did not seem to be important factors. 
Blumgart and associates (1941b) stressed the 
danger of shock in eldeilv patients, particu- 
larly in tliose with evidence of coronary 
atherosclerosis. In such patients shock may 
induce not only single, but often multiple, 
fresh infarction. Boas (1942) believed that, 
in tlie presence of diseased coronary arteries, 
tlie commonest external factors precipitating 
myocardial infarction are effort, emotion, ex- 
posure to cold, and overeating. Other factors 
which may induce angina pectoris or myo- 
cardial infarction, included hy-persensilivity 
to drugs (penicillin, PBsler and Plice, 1950; 
acetylsallcylic acid, Pcrclmk, 1952), serum 
sickness induced by injection of tetanus anti- 
lo-xin (McManus and Lawlor, 1950, Bengtsson 
and Pejine, 1952), infectious disease, opera- 
tion and hemorrhage, insulin shock and 
h>'poglycemia, and exposure to higli altitudes, 
exccssiv’e heat or humidity. It is questionable 
if traumatic injury to tlie chest can Initiate 
coronary occlusion. The cardiac damage usu- 


ally induced by traumatic injury is in the 
nature of cardiac contusion (see page 852), 
altliough rare instances of traumatic coronary 
thrombosis with myocardial infarction have 
been reported (see page 855). 

Borst and Holleman (1948) cautioned against 
the danger of acute coronary "insufBciency” or 
myocardial infarction from the rapid intratenous 
administration of sodium chloride to patients uilh 
latent coronary insufficiency or congestive heart 
failure. Bean (1937) found that approximately 
one-third of patients with m)OcardiaI infarction 
had a precious history of angina pectoris. In 
reviewing the work of other authors, he found 
preceding hyperiension in 34 per cent of a total 
of 751 cases of myocardial infarction. Among 
270 of the patients in his own series, one-half 
had a systolic pressure over 160 mm. mercury 
and a diastolic pressure over 100 Iiefore the in- 
farction. It may be conserv’atively stated that 
approximately one-half of all patients with myo- 
cardial infarcts have or have had hypertension 
and cardiac hypertrophy. There is a sharp differ- 
ence of opinion concerning tlie relationship of 
effort and emotion to tlie onset of acute coronary 
occlusion and myocardial infarction. Paterson 
(1939. 1940) stated tliat rupture of inlimal capil- 
laries, which may lead to coronary thrombosis, 
may in part be induced by the arterial pressure, 
and therefore recommended that all patients with 
coronary disease be advised to avoid excessive 
exertion or emotion or any' other activity which 
may unduly raise their systemic pressure. 

Blumgart and assodates (1941) produced 
massive infarction in dogs by obstructing the 
blood supply to tlie heart for 40 minutes or 
longer. They believed that in man myocardial 
infarction may occur: (1) after sudden occlusion 
of a vessel which was previously adequate, if 
sufficient collateral anastomoses have not yet de- 
veloped, and (2) without occlusion of a vessel, 
if the myocardial anoxemia is sufficiently' pro- 
longed. In some patients whose myocardium suf- 
fers temporary’ ischemia because of occlusion or 
narrowing of the coronaries, infarction is favored 
by increased demands upon the heart, as by con- 
tinuation of physical effort. 

Yater and associates (1948a), in their analysis 
of 866 clinical cases of acute coronary’ artery dis- 
ease in American soldiers under the age of 40, 
inrhi ding 430 who came to autopsy’, found that 
the number of attacks occurring at the time of 
strenuous activity was more than twice the pro- 
portion of time spent in such activity, while the 
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number of attacks occurring during sleep was 
about one-third the proportion of time spent in 
sleep. They concluded that in certain cases, a 
thrombus or infarct may have been forming 
silently for some time and the type of activity at 
the onset of symptoms was purely coincidental, 
while in other cases, activity, especially if stren- 
uous, may have caused the additional demand 
for coronary blood flow that precipitated the fatal 
attack. Of these 450 soldiers, 83 per cent died 
within 24 hours; 75 per cent iiad no infarction. 
In general, the longer a man Jned following the 
onset of the attack of coronary disease, the more 
likely was infarction to be present at autopsy. 
Patients with a previous cardiac history tended to 
have infarcts or myooardial scars more often than 
those without such a history However, Master 
and Jaflre (1952) believe that strenuous ph>sical 
exertion is not related to the initiation of acute 
coronary occlusion. In 2080 patients with coro- 
nary occlusion, they found only about 2 i>er cent 
of occlusions related to strenuous activity, while 
in 98 per cent, the pabent was at rest, asleep, oi 
engaged in some usual routine. In contrast to 
Paterson’s views, they believe that mtimal hemor- 
rhage is entirely a degenerahve phenomenon, an 
end-result of atherosclerosis which occurs inde- 
pendently of external factors. This view is sup- 
ported by the work of Wintcmitz and co-workers 
(1938) who injected dye into atherosclerotic 
coronary arteries at pressures up to 1000 mm. of 
mercury without producing ruphiie of intimal 
capillaries. It is thus seen that the relation- 
ship of c^ort and emotion to the Initiation of 
acute coronary occlusion (acute coronary throm- 
bosis or hemorrhage beneath an atherosclerotic 
plaque) has not y'ct been determined. With re- 
gard to the initiation of acute myocardial infarc- 
tion, however, it appears likely that any factor 
which will substantially increase the work de- 
manded of (he heart of patients having signifi- 
eant coronary atherosclerosis can cause infarc- 
tion, even in the absence of complete occlusion 
of a coronary artery. 

Myocardial Infarction and Rate of De- 
velopment of Coronary Occlusion. Clinico- 
patliologic and experimental studies have 
shown that if the occlusion of a main branch 
is sudden, the area of infarction is large but 
if the occlusion develops slowly, there may 
be little or no necrosis. When the obstruction 
is gradual, anastomotic vessels dcv'clop and 
the heart is better able to withstand the ef- 


fects of the occlusion. Most cases of sudden 
closure of the anterior descending vessel re- 
sult from embolism of a thrombus or vegeta- 
tion in the left ventricle or on the root of 
the aorta, in a previously damaged heart. 
Monckeberg (1924) stated that a person may 
survive sudden closure of the right coronary 
artery, but that he may survive sudden 
closure of the anterior descending branch of 
the left coronary only if there are many pre- 
e-xisting anastomoses, the other coronary ar- 
teries are relatively free of disease, and the 
cardiac reserve is good. Myocardial infarc- 
tion is associated with occlusion of at least 
two branches of the coronary arteries supply- 
ing die infarcted area (Saphir ef al., 1935). 

Schlesinger (1938) found an infarct which re- 
sulted from rapid occlusion of a maj'or branch, 
.illhough .all other branches were normal (Case 
19), in 4 of 6 hearts examined, he found two 
occlusions. Smith and Hmshaw (1937) reported 
severe progressive angina pectoris in a patient 
aged 31, following recovery from myocardial in- 
farction. 

Infarction “at a Distance.” When a branch of 
one coronary artery becomes obstructed, the por- 
tion of the myocardium wliich is rendered ische- 
mic may then derive its nourishment principally 
fiom a branch of the other coronary artery, by 
development of anastomotic channels. If now the 
hatter artery should become occluded, fresh mjo- 
cardial infarction may result in the area normally 
and originally supplied by the fiist artery (Saphir 
cf al., 1935). This has been called "ectopic” 
infarction (Bean, 1938) or "infarction at a dis- 
tance” (Blumg.irt, 1939). Thus, following occlu- 
sion of the anterior descending branch of the left 
coronary, the nourishment to the apical portion 
of the left ventricle may be taken over by col- 
lateral circulation from the right coronary artery; 
jf then Uie riglit coronary artery should suddenly 
become occluded, the apical portion of the left 
ventncle may suffer acute infarction. In other 
words, die area of m>oc.ardium becomes infarcted 
owing to interrnplion of the blood supply fur- 
nished by the an.-istoniosiiig channels of a collat- 
eral vessel. 

Relation of Coronary Sclerosis to Disturb- 
ances in Conduction (see Chapter IV). 
Monckeberg (1924) pointed out that in in- 
farction of the myocardium, the atriovcniric- 
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ular conduction bundle may be in\’olved or 
spared, depending upon whether the inde- 
pendent blood supply to the bundle is in- 
volved. 

Master and associates (1938) found that de- 
fective intraventricular conduction in coronary 
occlusion aggravates the prognosis; the mortality 
rate in such cases in their senes was 42 per cent 
as compared to a rate of 23 per cent in patients 
with normal conduction. In 20 hearts, studied at 
autopsy, of persons who had had evidence of 
complete or partial heart block during life, recent 
occlusion was present in the left coronary artery 
in 7, in the right in 5, and in both arteries in the 
remaining 8. In addition, one or more arteries 
had been previously occluded in 16 of the 20 
hearts. In four-fifths of cases of bundle-branch 
block, they found infarction of the ventricular 
septum. They attributed such heart block to sep- 
tal infarction vvith simultaneous involvement of 
the atrioventricular conduction tissues and the 
bundle-branch system. They also found intra- 
ventricular conduction had been present during 
life twice as often m patients whose hearts at 
autopsy showed gross septal infarction as in 
those in whom infarction did not involve the 
septum. 

It may be mentioned that the right bundle 
branch is supplied almost exclusively by the sep- 
tal branch (see Gross, 1921) of the left anterior 
descending artery, while the left bundle branch 
is supplied by branches from both coronary ar- 
teries. Master and associates found tliat occlu- 
sion of the right coronary artery led to bundle- 
branch block of either type more often tlian was 
to be expected; and they could not correlate the 
type of conduction defect with the vessel oc- 
cluded or the location of the infarct They ex- 
plained persistence of normal conduction in asso- 
ciation with septal infarction by the presence of 
adequate collateral circulation in the septum, 
and attributed transient bundle-branch block to 
temporary' anoxemia. 

Yatcr (1938) reviewed the literature on patho- 
genesis of bundle-branch block and reported the 
detailed histopathologic findings in 6 hearts in 
which serial sections were made through the 
conduction system. In each heart there was 
fibrosis involving both right and left bundle 
branches. These lesions were related to disease 
of tlie coronary arteries, rheumatic, atheroscle- 
rotic or hypertensive. Yater delennined that the 
newer (Amencan) terminology of bundle-brancli 
block is more clearly correct than the old one; 


that the designation indicates which branch is 
more seriously damaged; and that the right 
bundle branch is probably more often damaged 
as a result of rlieumatic artentis or myocarditis, 
while the left is usually affected by atherosclerosis 
or hypertension or botli. Rasmussen and .Moe 
(1948) found left bundle-branch block asso- 
ciated with hypertrophy of the left ventricle 5 
times as irften as with a local lesion of the left 
branch of the bundle. In their review of the 
literature on intraventrjailar block, Rosenman 
and associates (1950) could not correlate the 
lustologic with the clinical findings. When block- 
ing lesions were present, tliey were usually bi- 
lateral. 

Diagnostic Laboratory Tests. Aside from 
fever and electrocardiographic evidence, the 
following laboratory tests are of value in the 
diagnosis of myocardial infarction: leukocyte 
count, blood sedimentation rate, C-reactive 
protein, concentration of enzymes and metal* 
loenzymes in serum, and plasma fibrinogen. 

Feuer, leukocytosis and increased sedimen- 
tation rate. In myocardial infarction, fever, 
leukocytosis and increase in the sedimenta- 
tion rate of blood cells are almost always 
present, singly or in combination, beginning 
during the first 24 hours. 

Rabinowitz and associates (1931) found that 
fever and leukoc>-tosis usually appear earlier than 
increase in sedimentation rate but that the in- 
creased sedimentation rate persists longer. In 
several of their patients on whom these tests were 
made on the day following the onset of the 
attack, the sedimentation rate was normal, but 
fever and leukocytosis were already present. In 
an analy'sis of temperature response in 100 pa- 
tients with acute myocardial infarction. Tamo- 
wer and associates (1958) found that, after a 
latent period of 12 to 36 hours, ~92 ijalients de- 
veloped fever which lasted from 2 to 7 days. The 
peak temperahire almost always appeared within 
4 days of onset. They thought tliat the latent 
period, duration and peak of fever coincide well 
with die established lustopathology of myoc.irdial 
infarction. They related the fever to myocardial 
necrosis, which usually is not found until about 
6 hours after the onset of the attack and is most 
marked from the second to fourth day, i e., at 
the time when the elevation of temi^erature is 
highest. A rectal temperature over 103° F. and 
late occurrence of peak temperatures were 
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thought to be poor prognostic signs. Fever may 
not be detected unless the temperature is taken 
rectally. Tlie average leukocyte count is 12,000 
to 15,000 and counts of over 30,000 are rare. An 
unusually high l eukocyte count a nd the fin diiig 
of over 30” percent of nonfilamented polymor- 
phonuclears after the fourth day are regarded as 
unfavorable signs (Goodrich and Smith, 1936). 
Koenig and Young (1947) have pointed out the 
importance of followng a series of daily deter- 
minations of the sedimentation time during the 
first days following infarction. The most rapid 
increase in sedimentation time occurs 4 or 5 days 
after the onset of tlie attack. The rate may not 
return to normal for several weeks or several 
months. 

Increase in serum mucoprotein following 
myocardial infarction. An increase in the level 
of serum mucoprotein after infarction was 
consistently found by Simian and associates 
( 1949 ) . In 23 patients with recent infarction, 
increases of from 22 to 160 mg. above their 
previous normal ranges (40 to 90 mg. per 100 
ml.) were noted, beginning on the third day 
and usual!)' reaching a peak on the si.\th day. 
This level was maintained for another week, 
after which it declined. The mucoprotein was 
not specific for breakdown of cardiac protein, 
since elevations in its value were obtained in 
patients after operations, and in those with 
cancer and pneumonia, No relation was found 
between the level of the mucoprotein and the 
sedimentation rate. It was believed that the 
changes in serum mucoprotein are a more ac- 
curate indication of the presence or absence 
of a recent myocardial infarction than are the 
sedimentation rate and the leukocytic count. 

Glutamic oxalacetic tramaminase in scrum. 
Glutamic oxalacetic transaminase is present in 
certain tissues of the body, but in highest con- 
centration in heart muscle. Normally the con- 
centration of the enzyme in the serum ranges 
from 10 to 40 units per ml. per minute. In 
necrosis of tissue, and particularly in fresh 
acute myocardial infarction, its canccntrat/un 
in the serum is strikingly elevated. Optimally 
the serum should be tested 6 to 24 hours after 
onset of infarction. By the sixth day after 
onset of infarction, the concentration has usu- 
ally returned to normal (CJiiiisky et ah, 1956). 
Values over 200 units usually indicate a poor 


prognosis. The test may bo of considerable 
value in suspected cardiac infarction in pa- 
tients in whom clinical or electrocardiographic 
evidence of infarction is not clear-cut (Biorck 
and Hanson, 1956). 

Other Diagnostic Tests. According to Hirsh- 
field and Krainin (1958), tlie test for C-reac- 
tive protein becomes positive earlier than does 
the blood sedimentation rate and reverts to 
normal with the end of tlie acute phase at 
which time the blood sedimentation rate is 
still high; tiie level of serum glutamic oxalace- 
tie transaminase becomes elevated early and 
returns to normal within 4 to 6 days, the levels 
of serum lactic dehydrogenase and malic de- 
hydrogenase rise within 24 hours, become 
maximum on the second or third day and 
revert to normal Nvithin 7 to 11 days, the level 
of plasma zinc falls concomitantly with rise in 
lactic dehydrogenase and returns to normal 
within 2 weeks, while the value of serum cop- 
per rises markedly in 5 to 11 days and gradu- 
ally returns to normal in 3 to 4 weeks; the 
concentration of fibrinogen increases early and 
persists for as long as 5 to 6 weeks. Tlie pro- 
thrombin time is, of course, important in con- 
trolling use of anticoagulants in tlierapy. 

Multiple Attacks of Infarction (Figures 
VIII-39 and 42). Feil and associates (1938) 
found mviltiple acute infarcts without previous 
infarction in 8 of 34 patients who died of re- 
cent infarction. Afaster and associates (1937) 



Figure VlII-18. Moderately severe ailicrosclcrosis 
in proviiiial portion of a gready dilated mam coro- 
ikiiy artery of a 67-> ear-old man. The dilatation 
is tlie result of aging. XC’i. (WCClf, 58 P 10.) 
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Figure VIII-19. Nearly complete old coronary scle- 
rotic occlubion with calciBcalion and partial recanali- 
zation. X IS. {WCGII. 53 P 191.) 


obtained a history of previous coronary occlu- 
sions in appro.vimalely 50 per cent of tlieir fta- 
tients. Eleven per cent of their patients died 
in the initial attack, 29 per cent in the second 
attack and 50 per cent in die Uiird attack. 

Yatcr and associates (1948c) noted that, in 
14 of 114 soldiers who died suddenly of coronary 
artery disease, the lie.irt had two infaicts and ui 
2, three infarcts. Wartman and Hellerstein 
(1948) found a total of 235 myocardial infarcts 
in 160 patients. 196 (83 per cent) ui the left 
ventricle, 23 m the right ventricle, 15 in the 
right atn'iini; and 2 in die left atrium. The left 
ventricle was in\ol\ed in 152 of the 160 hearts. 
Among 94 liearts with single infarcts, the process 
was recent in 50 and old in 44, among 66 hearts 
with multiple infarcts, the lesions were recent in 
10, old in 5, and both recent and old m 51. 

Pathologic Cons/dcra/ioiis 

Pathologic Basis of Myocardial Iiifarclion. 
In most instances myocardial infarction is the 
result of occlusion of one or more coronary 
arteries. The commonest lesion is coronary 
atherosclerosis with occlusion or se%cre nar- 
rowing (Figures VIII-18, 19 and 20) at one 
or more locations. Frequently a fresli or 
recent tlirombus is either suiicrimposcd on 
the atheromatous lesion or develops just prox- 
imal to it. Occlusion may also be caused by 
syphilitic involvement of Uie coronary' orifice, 
although infarction seldom results from this 
slowly’ developing process. Sudden coronary 


occlusion, such as caused by embolism or 
trauma or compression, or rupture of a coro- 
nary artery as by trauma or perforation of an 
aneury'sin, is more likely to result in myocar- 
dial infarction. Occlusion from thrombosis 
occasionally' occurs in rheumatic arteritis and 
rarely in thromboangiitis obliterans or poly- 
arteritis nodosa. 

Coronary Thrombosis. In practically every 
case, thrombosis of the coronary artery de- 
velops on tlie basis of preexisting atheroscle- 
rosis. In 46 hearts with myocardial infarcts, 
Levine and Brown (1929) encountered coro- 
nary thrombosis 23 times, each time on the 
basis of atherosclerosis; in 34 hearts with ad- 
vanced coronary sclerosis, Sapliir and associ- 
ates (1935) demonstrated thrombi in 32, the 
tlirombus in each instance being located on 
an atlieromatous ulcer. The initiation of 
tlirombosis by ijitimal hemorrhage In athero- 
sclerotic plaques is discussed on page 535. 

Instances of traumatic corollary thrombosis 
with fresh myocardial infarction are cited by 
Monckeberg (1924). Bean (1937) encountered 
3 instances of traumatic myocardial infarction 
among 9629 consecuiix e autopsies. One of these 
concerned a patient who fell 8 feet from a ladder, 
sustaining fractures of tlie nbs of the left side. 
He died 10 weeks later and at autopsy a recent 
infarct with beginning aneurysm formation was 
present. H. Levy (1949) reported an example 
of traumatic coronary thrombosis witli n myo- 
cardial infarct in a woman of 49 wlio had sus- 
tained a contusion of die chest wall in an automo- 
bile acadent and died 13 days later. Autopsy re- 
vealed hemorrhage beneath the intima, rupture 
of the intimal lining and thrombosis in die lumen 
of die anterior descending branch of tlie left 
coronary artery, together with a large myocardial 
infarct involving die \entral half of the entire 
apex. Tlie microscopic appearances of the throm- 
bus and the infarct were consistent witli changes 
which could occur in the interval between the 
accident and deadi. Friedberg (1949) stated 
that in cardiac wounds the coronary’ arteries aic 
commonly involved, particularly' die anterior 
descending branch of the left coronary. In the 
application of nonpenetrabng blunt force to die 
chest wall, the ventral position of the riglit coro- 
nary' artery is said (Ilelpeni, 1949) to render 
this vessel more vulnerable to injury' than die left 
artery'. (See also page 835.) 
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Sites of Coronary Occlusion in Relation to 
Location of Infarcts. The sites of predilection 
for formation of atherosclerosis in the coro- 
nary arteries (see page 563) are the same for 
the development of superimposed tlirombosis 
or of complete occlusion of the lumen. The 
commonest site of occlusion is the anterior 
descending brancli of the left coronary artery 
about 2 cm. from its origin. The circumflex 
branch of the left coronary and the main 
stem of the right coronary are involved much 
less often, each of these vessels frequently 
being occluded about 1 cm. from its origin. 

As previously mentioned, Saphir and associates 
(1935) determined that, in the presence of a 
myocardial infarct, at least two branches of the 
coronary arteries supplying the infarcted area are 


occluded by atherosclerosis. In their series of 32 
infarcted hearts, they found no instance in which 
only one main branch was involved. In this 
matenai, when only extreme narrowing of the 
lumen was piesent, without occlusion by athero- 
sclerosis or thrombosis, at least three main 
branches were affected. In Bean’s (1938) senes 
of 287 infarcted hearts, the left coronary tree was 
seriously mvolved in 84 per cent, the right coro- 
nary tree in 21 per cent. In 54 infarcts studied 
by Mallory and associates (1939), the infarct was 
located in the left ventricle 53 times (apex, 24; 
apex and septum, 22, base, 5; base and septum, 
2) and in the right ventricle, once. 

Schlesinger (1938) has pointed out the con- 
sistent absence of large vessels and of fibrosis in 
the posterior basal portion of the right ventncle 
and the rarity of infarction in this location. 
Despite the frequency of occlusion of the right 
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coronary artery, infarction of the right ventri- 
cle is extremely rare because the nght \’enlricle, 
hke the atria, is thin-walled and may derive con- 
siderable nourishment from Uie blood coming 
directly from its cavity (Blumgart et ai, 1940). 
In a study of myocardial infarcbon in more than 
100 hearts, Mallory and associates (1939) found 
definite thrombosis of a coronary artery in 70 
hearts. The number of instances of thrombosis in 
each vessel was as follows; left coronary artery, 
59 (anterior descending branch, 52; circumflex 
branch, 4; septal branch, 3), right coronary ar- 
tery, 8, and both arteries, 3. Hochrein (1941) 
tabulated the sites of occlusion of die coronary 
arteries in 530 autopsied cases reprcsenbng the 
total number of cases analyzed in 13 different 
reports in the literature. The anterior descending 
branch of the left coronary was occluded tii 68 
per cent; the right coronary artery m 21 per cent, 
both of these vessels m 8 per cent and ihe cir- 
cumflex branch of the left in 6 per cent. Crewin 
(1948) studied the necropsy reports of 100 con- 
secutive cases of myocardial infarction, and found 
complete occlusion of the left anterior descending 
branch in 21 cases, of the right coronary m 14 
and of die left circumflex branch in 7. In the 
series of fatal cases of coronary artery disease re- 
ported by Yater and associates (1948c), the in- 
cidence of almost complete sclerotic occlusion 
(m 232 persons) affecting the >arious vessels was 
as follows: left antenor descending, 192; left cir- 
cumflex, 60, right coronary, 59. The incidence of 
thrombotic occlusion was as follows: left anterior 
descending, 174; right coronary, 49; left circum- 
flex, 28. In the vast majonty of cases the occlu- 
sion, whether sclerotic or thrombotic, involved 
only the proximal third of the affected vessel. In 
2000 consecutive autopsies, Wartman and Heller- 
stem (1948) encountered 235 myocardial infarcts 
in the hearts of 160 persons. In 94 hearts, the 
infarcts were single and m 66 multiple. There 
were 134 hearts with infarcts in the left ventricle 
only; 18 with infarcts in both ventricles, 4, in the 
right atrium only; and 4, in the nght ventride 
only. In a series of 137 hearts, Yater and asso- 
ciates (1948c) found a total of 153 myocardial 
infarcts (130 gross and 23 microscopic). The in- 
farcts were located m the left ventricle and, or, 
the ventricular septum in all but 7 instances. 
These 7 infarcts were located in the posterior 
wall of the nglit ventncle. Yater and associates 
(1951) found, among 950 soldiers who came to 
autopsy with coronary artery disease, that the 
incidence of posterior infarcts increased with age, 
and that the tendency to involvement of the nght 


coronary artery or left circumflex artery or both 
iircreosed with age. 

Infarction of the Atria. Cushing and asso- 
ciates (1942), in a postmortem study over a 
period of 7 years, searched for atrial infarcts. 
Among 182 consecutive hearts with myocar- 
dial infarcts tliey found 31 with atrial in- 
farcts (17 per cent). In 6 hc<uts only tlie 
atrium svas involved; in the other licarts, the 
atrial infarcts were associated willi ventric- 
ular infarcts. The right atrium was involved 
In 27 hearts, the left atrium in 5. Mural 
llirombi were associated with 28 of the 31 
atrial Infarcts. The clinical findings were gen- 
erally not significant with regard to atrial in- 
farction, but among tlie patients wlio had had 
electrocardiograms, approximately two-thirds 
had evidence of some abnormal atrial media- 
nism. Of 66 atrial infarctions reported in the 
literature, rupture of tlie atrial wall occurred 
in 3 (Soderstrom, 19-lS). 

SuderstTom, who made a thorough study of 
atnal infarcts, stated that they arc to be expected 
m at least 1 per cent of hearts in an average 
autopsy material. He collected 192 hearts with 
mural thrombi in the atria and microscopically 
examined the adjacent atrial walls for evidence 
of mfarcUon. Right atrial thrombi were some- 
what commoner than left atnal thrombi. In the 
right atrium they were commonly associated with 
coronary heart disease; in the left atrium they 
were usually associated witlj rheumatic heart 
disease. In 46 cases he encountered infarcts m 
the nght atnum and in 1 case an infarct of tlie 
left atnum. The ranty of left atrial infarcts is 
attributed raaiiJy to the high oxygen tension in 
the blood witlim tlie lumen of this clianiber. 
Ventral infarcts of the right atrium usually in- 
volved the auricular appendage, while dorsal 
infarcts represented an extension of “posterior” 
infarcts of the left ventricle. Atnal infarcts were 
difficult to recognize both grossly and hbtolo^- 
cally. In tlie central zone of infarction, the necrosis 
is of hyaline type, similar to that conunoiily seen 
m ventricular infarcts; in the subendocardial 
zone, the myocardial damage is less severe, ap- 
parently because the myocardium derives some 
nourishment from the blood within the lumen of 
die chamber. 

In a study of the autopsy reports of 281 per- 
sons with myocardial infarcts, McCain and asso- 
ciates (1950) found that the atrium was infarcted 
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in 24, an incidence of 8.5 per cent, in 17 of the 
24, the infarct was recent. Wartman and Senders 
(1950), in a study of 50 hearts containing a total 
of 72 infarcts, found infarcts in the atna in 21 
hearts (42 per cent). These were located in the 
nght atrium in 17, in the left in 2, and in both 
atna in 2, and they were always associated with 
ventricular infarcts. Most of them were fresh. 
The infarcts were tiiouglit to be a contributory 
factor in death. 

Cardiac Lesions in Sudden Death from 
Coronary Disease. As previously stated, in 
most instances of sudden death from coro- 
nary insufficiency, one or more coronary ar- 
teries are occluded; in a few cases the coro- 
nary arteries are relatively free of disease and 
in most of these the left ventricle is greatly 
hypertrophied, chiefly as a result of hyperten- 
sive disease. In most instances, the heart will 
reveal neither coronary thrombosis nor gross 
evidence of fresh infarction, but rather a se- 
vere degree of atherosclerosis at one or more 
points, or extensively in two or all tJjree of 
the main vessels. A precipitating factor (see 
page 592) is often present, but sometimes io- 
apparent or absent. If death ensues within a 
few hours after the onset of the acute attack 
of coronary insufficiency, no gross myocardial 
change may be evident. If death occurs after 
5 or 6 hours or witliin a few days, the necrotic 
muscle may be deep red in color because of 
extravasation of blood, or clay-colored be- 
cause of local anemia, and interspersed with 
or bordered by zones of red (hemorrhage) 
and yellow ( fatty degeneration and leukocytic 
infiltration). After several days, with begin- 
ning organization the areas of myocardial 
necrosis may appear darker brown than the 
adjacent muscle, and soft, depressed and dry. 
The softness of the necrotic muscle was re- 
sponsible for the old term “myomalacia cor- 
dis,” introduced by Ziegler (1880). 

Cross and Microscopic Changes in Experi- 
mental Infarction, Karsner and Dwyer (1916) 
ligated (he descending ramus of the left coro- 
nary artery in dogs and sacrificed the animals at 
various inter\'als from one-half hour to 70 da)'s. 
The>' described in detail the gross and micro- 
scopic myocardial changes. Grossly, the first 
recognizable change was pallor; after 2 days, the 


infarct was dry and granular; after 5 days, the 
inforct xvas sharply defined and surrounded by a 
fine line of reactionary hyperemia, after 61 days, 
fibrosis was complete but minute yellow necrotic 
areas were sbll to be seen. Microscopically, the 
changes noted after one-half hour were conges- 
tion, edema, small hemorrhages and decrease in 
cross-stnations of myofibrils. Cloudy swelling of 
muscle was seen at 1% hours. At 12 hours, the 
muscle sliowed hyaline necrosis and the nuclei 
were pyknotic or had disappeared, polymorpho- 
nuclear leukocytes and a few mononuclear cells 
had infiltrated the area of necrosis. These changes 
were more pronounced at 24 hours, at which time 
mitotic figures were recognized in the perivascu- 
lar and subendothelial connective tissue. Fatty 
degeneration appeared at 24 hours and remained 
until the necrotic muscle disappeared. Anitsch- 
kow "myocytes” also appeared at 24 hours but 
were infrequent after 5 days. The muscle cells 
occasionally showed nuclei after 24 hours; later 
so-called muscle giant cells were seen, apparently 
formed by the accumulation of nuclei. Foreign- 
body giant cells also appeared at the same time 
but persisted longer. At 48 hours, the fibroblasts 
had increased in number, and at 5 days they 
formed a well-defined zone at the periphery of 
tlie infarct. At 6 days, plasma cells were present; 
a few peisisted up to 70 days. After 11 days, the 
necrotic muscle decreased in amount, being re- 
placetl by connective tissue. At 18 days, a well 
defined scar was present but inflammatory cells 
remained. After 61 days, the connective tissue was 
condensed, very minute areas of necrotic tissue 
were still present, but cellular infiltration had 
disappeared. No ev'idence %vas seen of true mus- 
cle regenerahon. 

It is probable that these changes in the dog 
proceed at a more rapid rate than would occur 
in myocardial infarction in man, since the meta- 
bolic rate in the dog is relatively greater than 
that of mail. It has also been pointerl out that 
the size of the infarct and the size of the heart 
are smaller in the dog and that the remaining 
collateral blood supply is belter Ilian in man 
because of the absence of severe atherosclerosis. 
Yofcoyama and associates (1955) studied the 
histochemical changes in early myocardial isclic- 
mia in dogs. Within 1 hour after occlusion of a 
coronary artery, tlie ischemic muscle showed 
marked reduction in the stainable glycogen with 
the periodic acid-Scluff technique. At the time 
granulattort tissue formed, some of the iii}oo.ir- 
dial fibers immediately surrounding the infarct 
rcxealed increased quantities of glycogen. 
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Figure VIIl-21. Old and fresh m)ocarduI infarcts. l{utor>’ of in>oc‘ardial 
infarction 6 )cars ticforc death, bst allacL. 3 da}$ before death. (WCCEt, 
49 A -183 ) 


Gross Changes in Myocardial Infarction 
in Man. Cross changes ordinarily do not de- 
velop for 5 or 6 hours after an acute attack. 
If extensive myocardial infarction is found at 
autopsy in a person who has died witiiin an 
hour or two after tlie onset of an acute at- 
tack, tlie infarct must be related to conditions 
e.xisting prior to the onset of the attack. The 
earliest change is a loss of lustre of the ne- 
crotic muscle. Tliis soon becomes pale, dry 
and somewhat swollen. Tlie zone between in- 
farcted and living muscle is usually irregular. 
Within a day of two, the muscle assumes a 
clay color if the infarct is diffuse, or a 
streaked yellow appearance if the infarct is 
patchy. Tile yellow color is explained by fatty 
degeneration of the necrotic muscle fibers 
and, at the border of necrotic areas, by in- 
filtration witli polyanorphonuclear leukocytes. 


particularly within the first 5 or 6 days of 
the infarct. In patchy areas of infarction at 
tins period, there may be a mixture of healthy 
and dead or dying muscle, fatty change from 
infiltrated leukocytes, and congestion or hem- 
onhage, with a corresponding I’driety' of 
colors (Figure VIlI-21). There may he con- 
siderable liquefaction necrosis with diwp- 
pearance of many muscle fibers, thus account- 
ing for much of the loss of thickness of the 
myocardial wall after healing of large infarcts. 
Tlie border of the infarct may be red because 
of hyperemia of adjacent \essels or hemor- 
rhagic from extravasation of blood from these 
vessels; at the end of 1 week, the red color 
may in part be e.vplained by young granula- 
tion tissue. After the first week or 10 days, 
the border becomes depressed owing to 
shrinloige following removal of necrotic mus- 
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de. Tlie depressed zone becomes progres- 
sively wider and paler, and the granulation 
tissue is replaced by fibrous tissue and after 
2 or 3 months, by a white scar. 

If the infarct extends to tJie epicardial sur- 
face, a pericarditis develops which usually is 
largely fibrinous but may have some liemor- 
rhagic or purulent component; with survival 
of the patient, it heals by organization and 
scarring. If the infarct extends to the endo- 
cardial surface, a thrombus usually forms at 
the site The resulting thrombus may cause 
narrowing of tlie lumen of the ventricle or 
the site of thrombosis may be marked by 
aneurysmal bulging of the ventricular wall. 

In hemorrhagic areas of infarction involv- 
ing a good portion of the thickness of the 
cardiac wall, particularly if the epicardial 
surface is involved, there may be rupture of 
the icall \vith ensuing fatal hemopericardium. 
In such cases, the entire thickness of the 
ventricular wall is usually infatcted. More 
often, however, infarcts undergo organization 


and are replaced by gray-white scars, some- 
times with a trace of pigment apparent. A 
patchy area of old scarring may be situated 
adjacent to, or be the site of, an organizing 
recent infarct (Figure VIII'21) or a new 
fresh infarct which is either patchy or diffuse 
in distribution. These coexisting changes may 
be the result of progressive narrowing of one 
or more brandies of the coronary arteries. 

Microscopic Changes in Myocardial In- 
farction in Man. In an admirable report, 
Mallory and co-workers (1939) described the 
microscopic changes in myocardial infarcts in 
the hearts of 72 persons in whom the onset 
of clinical findings enabled them to determine 
the age of the infarct. Their microscopic find- 
ings may be summarized as follows; 

1. Necrosis of muscle, connective tissue and 
smaller blood vessels. Neciosis does not be- 
come evident for 5 or 6 hours; the muscle 
fibers then become hyaline and take a deeper 
acid stain, while the striations become less 



Figure Vtil-2^. Acute in/Iammation at border of recent mjocard/.i] iiiTiirct. 
Lcukuc>tcs are mainly polvniorphonuclcor. Onset of ntlack 2 days before 
death. Xi50. ( U'CGH, 40 A -ISo. ) 
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Figure Vni-23. Pordon of lofarclcd m>ocardium in pmon who»e symptoms 
began 8 cla^s before dead) Note partially necrotic muscle Ebers, Ebco- 
blasts, )Oung granulabon tissue, and inflammatory cells (chiefly l>7itpho- 
cytes). X150 (WCCH, 41 A 14.) 


evident; the nuclei undergo pyknosis, karyor* 
rhexis or karyolysis. A layer of intact muscle, 
0.3 to 0.5 mm. thick, usually persists beneath 
the endocardium, tlie nourishment for tliese 
fibers apparently being provided directly by 
blood in the cavity of the heart and in the 
thebesian veins. 

2. Hemorrhage is usually focal rather than 
diffuse, and extravasations are relatively rare. 
The venules and capillaries are hyperemic. 
Hemolysis of erythrocytes results in deposi- 
tion of hemosiderin whieh is phagocylized by 
macrophages. Tlie infarction has features of 
both hemorrhagic and anemic tj^ies. 

3. Fflf varies in amount depending on the 
suddenness of infarction and previous suiB- 
dency of drculation. Most of the fat is found 
at the periphery of the infarct. Tlie fat is re- 
moved by the macrophages at the same time 
as the necrotic muscle. As stated previously, 
the fatty material is derived from dead or 


dying muscle fibers or from accumulation of 
leukocytes. 

•1. Infiltraiion with polymorphonuclear leu- 
kocytes (Figure VIiI-22) begins at about 5 
hours, at tlie edges of tlie lesion and spreads 
centrally. It is present in the interstitial tis- 
sue and about the blood vessels and gradually 
extends into tlie necrotic tissue. At 24 hours, 
the infiltration of leukocytes is slight, with 
beginning degeneration; at 5 days, many are 
necrotic; and thereafter they gradually dis- 
appear. Mallory and associates suggested that 
the polymorphonuclears may produce an en- 
zyme wliich aids in tlie breakdown and pha- 
gocytosis of the muscle. Eosinophilic poly- 
morphonuclears also are seen between the 
fourth and eighteentli days. 

5. Ingrowth of blood vessels and connective 
tissue. Beginning on the fourth day new blood 
capillaries grow into the infarcted area, start- 
ing peripherally. Fibroblasts accompany the 
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blood vessels into the infarcted area (Figures 
VIII -23, 24, and 25). The ingrowth is rela- 
tively greater on the epicardial than on the 
endocardial side. If the infarct is large, 
the vascularization may not reach the center. 

6. Removal of necrotic muscle. Infiltration 
by pigmented macrophages. Simultaneously 
with tlie ingrowth of new capillaries and fibro- 
blasts, macrophages invade and phagocytize 
the necrotic tissue. Occasionally giant cells 
may appear (Monckeberg, 1924). Tlie frag- 
ments of muscle dissolve and disappear but 
their lipofuscin remains within the macro- 
phages which become pigmented. Some 
macrophages also contain hemosiderin which 
is produced from the breakdown of tlie red 
cells in areas of hemorrhage. After about 10 
days, 1 mm. of necrotic peripheral muscle has 
been removed, and after 6 weeks, active ab- 
sorption of necrotic muscle may still be pres- 
ent. At 2 months, necrotic muscle fibers liave 
generally been completely removed. After I 


year, practically all pigmented macrophages 
have disappeared. According to Monckeberg, 
one may occasionally see an attempt at muscle 
regeneration adjacent to the infarct. 

7. Lymphocytes atid plasma cells appear 
as soon as absorption of muscle starts, are 
fairly prominent during the third week and 
disappear about the same time as the pig- 
mented macrophages. Occasional mononu- 
clear cells persist for many months. 

8. Collagen, produced by the fibroblasts, 
appears first at 12 days, is prominent at 3 
weeks and maximum at 2 to 3 months. The 
amount of collagen provides a good indication 
of the age of the infarct. At 6 weeks tlie scar 
becomes contracted. Adjacent to old infarcts, 
the muscular fibers are often hypertrophic and 
their nuclei hypercliromatic ( Monckeberg, 
1924). 

9. Pericarditis. Fibrinous pericarditis ( Fig- 
ure VlU-26) appears within 24 hours. Organi- 
zation of the cvudate begins at 4 to 8 days 



Figure Cr.ti)ubtJon tissue at bonier of ni>ocarUial infarct, Syinp- 

toms beg.-iii 16 days before death. At tins time eollagcnous fibers arc 
prcient at U»c border of the infarct. Xl^. (WCCII, 41 115.) 
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Figure VtU*23. Fortion of licjling m>«KarduI iiifjrct lli^tury of acute 
.ittack 5 vsccks before death X ISO. ( WCGH, •!() A 460. ) 


and is complete at 4 weeks. The pericardial 
leaclion also provides a 5 ot )\idg,mg Vlw 
age of tlie infarct. 

10. Endocardial thrombus. Thrombosis be- 
gins as early as 5 days but may occur much 
later. It is tliought by some to be tlic result, 
not of the infarct, but of secondary dilatation 
of the infarcted wall. Its organization begins 
on tire nintli day and complete organization 
may be present on the sixteenth day. Organi- 
zation of the tlirombus, however, is not a re- 
liable guide in estimating tlie age of the in- 
farct. Mallory and associates pointed out that, 
from the microscopic picture, the age of an 
infarct may be judged well during the first 3 
weeks; tliat small infarcts heal more rapidly 
than large ones; that subendocardial infarcts 
heal less rapidly tlian tliose in the center of 
die myocardium or beneath die epicardiura; 
and diat the rate of healing depends on the 
competency of die remaining circulation and, 
dierefore, on die degree of coronary athero- 


sclerosis, and on the amount of heart failure 
and vnieinia. 

Oil the basis of their findings, .Mallorx' and 
associates (1939) advised that patients with 
small or moderate-sized myocardial infarcts, 
without complications, be allowed 1 month 
of rest In bed, 1 month of carefully graded 
coni’alesccnce, and a third month to consoli- 
date recover}'. 

Myocardial Infarction with Coronary Oc- 
clusion. In most instances, m}ocurdiaI infarcts 
are associated with conmar}’ occlusion. Plotz 
(1948) estimated that 90 to 95 per cent of 
myocardial infarcts are the result of corouarx' 
sclerosis. Approximately two-fifths are asso- 
ciated with tlixombotic occlusion alone, two- 
fifths with sclerotic occlusion, and one-eighth 
widi both sclerotic and thrombotic occlusion 
(Yater ct al., 1948c). In most cases, all three 
main coronary vessels are involved by die 
atherosclerosis. 

Myocardial lufarcUon without Coronary 
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Occlusion. In Bean's series (1938) of 300 
myocardial infarcts, 20 per cent ivere asso- 
ciated with arterial narrowing but no arterial 
tlirombi. In 4 hearts tlie coronary arteries 
showed no significant damage. 

Gross and Sternberg (1939) reported that in 
15 hearts with extensive infarction (1 recent, 14 
healed) the coronaries showed insignificant mti- 
mal changes and scant narrowing of the lumina, 
13 of these were associated with hypertension. 
Twelve hearts weighed 350 Gm. or more and, m 
8 instances, the weight ranged from 470 Gm. to 
810 Gm. Among 114 hearts with gross myocar- 
dial inisrcts studied by Yater and associates 
(1948c), 8 showed no complete occlusion of any 
artery. Wartman and Hellerstem (1948), in a 
study of 160 infarcted hearts, found neither dis- 
ease nor occlusion of tlie coronary arteries m 3.8 
per cent. Such occurrences must be explained by 
prolonged relative myocardial ischemia. In a 
study of 143 cases of acute infarction, Miller and 
associates (1951) found that in 49 patients (34 
per cent), there was no recent or acute coronary 
occlusion. The average weight of the hearts of 
tliese 49 patients was 70 per cent o%er llieir 


normal predicted weight, while the average 
weight of tlie hearts of the 94 patients with acute 
occlusion was only 50 per cent above normal. 
The concept of relative ischemia as a cause of 
heart failure in hypertrophied hearts whicli reveal 
very little or no atheroscleiosis, is not accepted 
by Harrison and Wood (1949). They maintain 
tliat focal myocardial fibrosis (indistinguishable 
from healed infarcts but unassociated with coro- 
nary occlusion) should be attributed to a diminu- 
tion of coronary flow “during a phase of cardiac 
failure” rather than to relatively small arteries or 
spasm. Karsner (1955) states that he has not 
seen myocardial infarction without organic oc- 
clusion of tlie coronanes, an opinion whicli differs 
from tliat generally held. 

Infarction of Muscle Bundles. Monckeberg 
(1924) stated that scarring may be confined 
to Uie inner or outer layer or may involve the 
entire wall. He referred to Aschoff who be- 
lieved that the site of necrosis of the ventric- 
ular wall was always the middle layer. The 
ventricular muscle bundles have specific func- 
tions and apparently each has its own blood 



Figure vill.2fl. Acule strofibnnous pcticanliUs a>MX,iaU-d with friili in>o- 
canlia] iti/jrc.tian of t«o da}»’ duration. X 150 . ( WCClf, 40 A 455 .) 
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Figure VllI-27. Old bcalrd iubcndocurdul infurct. (WCCII, 50 A 220.) 


supply (Robb and Robb, 19-t2). The function 
of the superficial muscles is to fi\ the apical 
fulcrum aud the atrioventricular valve leaflets, 
tlie function of the deep muscles is chiefly 
expulsive. Lowe (1939) reconstructed myo- 
cardial scars in 5 hearts and decided that their 
position was consistent with one of the mus- 
cle groupings. He suggested that tlic scars 
represented a type of infarct which resulted 
from interference of blood supply to a i>ortion 
of a muscle bundle. Price and Janes (19d3) 
described the occurrence of a large shcet-like 
subendocardial infarct (Figure Vni-27) in- 
volving the dorsal wall of the left ventricle 
from tlie base of the atrioventricular ring to 
the apex; it also included the posterior i>apil- 
laxy muscle and the ventricular septum 
throughout its length and e.xtendcd onto the 
ventral wall of the ventricle in the middle and 
distal portions. They tliought that the infarct 
corresponded to a muscle grouping in the ven- 
tricle, that of Uie subendocardial portion of 
the superficial bulbospiral muscle, rather than 
to the distribution of a main coronary vessel. 
Small myocardial scars (Figures VIIl-28 and 
29) are usually to be attributed to occlusion of 
small branches of the coronar>’ arteries; but 
in hearts uitli evidence of old rheumatic dis- 


ease, it is possible tlut some of the scarring 
has been produced hy iho rheumatic disease 
(Karsner, 1955). 

Warlinan and Souders (1930), in a study of 
SO hearts having a total of 72 in>ocardiaI infarcts, 
determined that the pattern of every infarct cor- 
rcsiK>i)<Ied to that of one or more of the four 
pniicipal muscle bundles of the heart (Figures 
VIIt-30 and 31). They classified their ven- 
tricular infarcts as full-thickness (entire thickness 
of ventricular wall), massive (but not full-thick- 
ness), and laminar or rim-like. The first two tvpes 
commonly involved mure than one muscle bun- 
dle; the last tipe usually involved only one bun- 
dle. Rupture occurred only in fuIl-UiIckncss in- 
farcts, and aneurjsm and mural tlirombosis were 
more Lkely to occur in sucli infarcts. They en- 
countered infarcts involving more tlian one bun- 
dle much more often duin infarcts of a single 
bundle; the prognosis is worse in die former con- 
dition than in the latter. According to Edwards 
(19o7), transniural infarcts are produced by com- 
plete arterial oc-clusion, while subendocardial in- 
farcts are caused by chronic narrowing of the 
lumen. As may be e.\pected, transmural mfarcts 
are encountered twice as often as subendocardial 
infarcts among pabents who die of acute infarc- 
tion. 

Cause of Death in Myocardial Infarction. 
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Figure VIII-28. Small myocardial scar 
of infarct resulting from closure of small 
brancb of anterior descending coronary 
artery. (WCGH, 49 A 44.) 

The commonest cause of death in myocardial 
infarction is a thrombotic or embolic lesion. 
Such lesions account for approximately one* 
third of deaths. Other common causes are 
progressive circuJatory faiJure, shock-, and 
cardiac rupture. In cases of sudden death in 
which no other lesion is demonstrable, death 
is presumed to have been caused by a disturb- 
ance in tile conducting mechanism, such as 
lieart block or ventricular fibrillation. In most 
instances, the occurrence of cerebral infarc- 
tion in patients who have had a recent myo- 
cardial infarct, is not the result of an embolus 
from a mural tlirombus but rather the result 
of a tlirombus that develops in an alliCToscle- 
rotic cerebral artery. The presence of a myo- 
cardial infarct appears to favor coagulation of 
blood and secondary thrombosis in other or- 
gans (Hellerstein and Martin, 1947), 

Sequelae of Myocardial Infarction 
Sudden deatli during or follaiving an attack 
is caused in most instances by shock or by ar- 
rhythmia, presumably ventricular fibrillation 


(Selzer, 1948). Tliose who survive the imme- 
diate attack may develop left ventricular fail- 
ure or may die later from arrhytlimia or from 
embolism to the arteries of the brain, lung, 
mesentery or extremities, or from recurrent 
myocardial infarction. Occasionally right ven- 
tricular failure supervenes and this may be 
further complicated by the occurrence of pul- 
monary embolism (from systemic veins or 
right side of heart) or pneumonia. Blumgart 
and co-workers (1940) concluded that death 
results whenever a sufficiently large area of 
myocardium undergoes ischemia, with or 
without necrosis, or when ischemia causes 
asystole, ventricular fibrillation or congestive 
failure. 

Pericarditis. The incidence at autopsy of peri- 
carditis following mfaiction vanes considerably 
in different senes of cases, as may be seen by the 
following figures- Yater and associates (1948c), 
15.5 per cent; Wartman and Hellerstein (1948), 
28 per cent, Betan (1938), 32 per cent; Fell, 
CuslUng and Hardesty (1938), 62 per cent, and 
Stewart and Turner (1938), 80 per cent. In 



Figure VIII-29. Mtcroicapic infarct in Iieart that 
also iiad many Uiickcncd arterioles and "sulfonamide 
myocarditis." X 140. (A 26.4Q, University of .Mich- 
igan; WCCH, 58 P 479.) 
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Apex anieviov 

Figure VlII-30. LocalizadoD of myocardial infarcts 
with respect to muscle bundles of the heart. (From 
Wartman, W, B., and Souders, J. C : Localization of 
m>‘ocardial infarcts, Arch. Path , SO 329*346, 1930 
Courtesy of the authors and Architcs of Pathology ) 

Bean’s senes, an eSusiou of 50 ml. or more was 
present in 15 per cent; hydrothorax \vas frequent 
and usually was greater on the nght side In the 
series reported by Stewart and Turner, pericar- 
dibs when present was locabzed in 75 per cent 
of cases and generalized in the others. The peri- 
carditis is, of course, the result of extension of 
the infarction to the epicardial surface. 

Mural Thrombosis. Until recent years, 
mural thrombi were encountered at the site 
of infarction in appro.\imately 50 per cent of 
infarcted hearts (Blumer, 1937; Bean. 1933). 
Since tlie introduction of anticoagulant ther- 
apy ( Dicumarol or heparm ) in the treatment 
of patients with acute myocardial infarction, 
the incidence of mural thrombosis as well as 
of secondary embolism which follows mural 
thrombosis has been significantly reduced 
(Wright et al., l&JS; Scliilling, 1950). Al- 
tliough mural thrombi usually form as a re- 
sult of e.\tension of the infarct to the endo- 
cardium, they may also form as a result of 
localized dilatation of the infarcted wall (Fig- 
ure VIII-32). Bean found some thrombi still 
remaining 3 years after the acute infarction. 
As w’ould be expected, mural thrombi are 
found most frequently, in association with 
m^’ocardial infarction in the left ventricle. 



Tliey occur less often in die atria and least 
often in the right ventricle. In 46 cases of 
recent myocardial infarction studied by Le- 
vine and Brown (1929), diere was gross evi- 
dence of mural dirombosis in 38 and of peri- 
carditis in 24; only 3 hearts showed no gross 
evidence of either mural thrombosis or peri- 
carditis. 

Embolism or Systemic Thrombosis Follow- 
ing Mural Thrombosis. The commonest sites 
of embolism in order of frequency are lungs, 
kidneys, spleen, brain, lower e.’rtremities (fem- 
oral arteries) and intestines (mesenteric 
arteries). Systemic embolism occurs in ap- 
proximately one-third of patients having mural 
thrombi in the left ventricle and appears to 
be particularly frequent when the thrombus 
is attached to the ventricular septum (Bean, 
1938). The lungs are the commonest site of 
embolism in patients with myocardial infarcts, 
but usually pulmonar>' embolism is less seri- 
ous prognostically dian embolism to the brain 
or to a large vessel of an extremit)* (Blumer, 
1937). Pulmonary emboli take dieir origin 



Figure VlII-31. TransccOon of the heart near 
the l>ase, vlinvnng uhite laminar $car of an old 
posterior ba.sul and lateral infaixt of the suii- 
cndocm^dial portion of the supcrhcial bulbo- 
spiral muscle. External to this scar are dark 
nm-hke ircsli infarcts of Uic deep bulbospiral 
muscles. These nesv infarcts are atlujlly parts 
of a single infarct. (Coiirtc-sy of \V. B. VVart- 
man and }. C. Souders and Arc/n't-es of Path- 
ology.) 
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principally from veins of the pelvis or lower 
extrejnitjes, particularly in instances of mas» 
sive pulmonary infarction; they may also 
arise from mural thrombi in the riglit side of 
the heart. 

Cerebral infarction develops in patients witli 
myocardial infarcts more often as a consequence 
of cardiac failure tlian as a result of embolism 
from a mural thrombus. Bean and Read (1942) 
reported 8 instances of acute myocardial infarc- 
tion in persons having associated central nervous 
system manifestations ( coma in 4 patients, hemi- 
plegia m 2 patients). At autopsy severe ceiebral 
atherosclerosis was present but no evidence of 
embolism, thrombosis or hemorrhage. They at- 
tributed the symptoms to congestive heart failure 
with fall m blood piessure, reduction m circula- 
tion and anoxia of brain. Recurring transitory 
hemiparesis is attributed by Beau and associates 
(1949) to restricted blood flow rather than to 
vascular spasm. Scheinker (1931) has empha- 
sized that acute damage to the brain may result 
from sudden fall m arterial blood pressure iii 
myocardial infarction. As a result of reduction 
in blood supply to the brain, ischemic changes 
may develop m the cortical gray matter, basal 


ganglia or medulla; and the white substance may 
become swollen. The leptomenmges may reveal 
pronounced passive hyperemia and venous throm- 
bosis wliile the brain substance may be the seat 
of hyperemia of the smaller veins and capillaries, 
perivascular edema or petechial hemorrhages. 
The resulting functional changes may be mild oi 
serious, transitory or protracted, depending on 
the severity and duration of the basic physiologic 
disturbance in the heart. 

Hadom (1938) reported the occurrence of 
sudden death from embolism mto the same coro- 
nary artery in which an earlier thrombus had re- 
sulted Hi myocardial infarction and secondary 
mural thrombosis. (See Figure VIII-44.) Ravdin 
and Wood (1941) reported successful removal 
of a saddle thrombus of the abdominal aorta in 
a pliysician, aged 32, 11 days after an attack of 
acute myocardial infarction. It must be borne in 
mind that the incidence of thrombosis and embo- 
lism, as given above, will be greatly decreased 
with the use of anticoagulants in the modem 
treatment of myocardial infarction. 

Rupture of Heart. Rupture of the cardiac 
wall at the site of fresh or recent infarction 
occurs in approximately 8 per cent of cases. 


J 



Figure YlII-32. Old m>ocjnlial infam uith mural thrombus at site of 
ancur>sma[ dilatation of xcntncle. Sc\crc selrtosts and lurruwmg were 
present in the anterior dc>cciKling braiKli of the left coronarj' arttr>. 
(WCGH. 45 A 172.) 
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Figure VIlI-33 Frcih anienor apical jnfarcl in- 
\ohing entire tlucknciis of ^c^tnalla^ s^all, uith 
rupture. (WCGH, 36 A 105.) 

Among mental patients, however, Jcticr and 
White (1944) found a mucli higher incidence 
of rupture of hearts with acute infarction. In 
a series of 115 consecutive autopsies of mental 
patients who died suddenly oi unexpectedly, 
22 were found to have acute myocardial in- 
farction. Sixteen of tliese (73 per cent) 
showed rupture of the cardiac wall at the 
site of die infarct. Most of these patients liad 
clironic mental illness ivith intellectual deteri- 
oration. Tlie commonest site of rupture is tlie 
lower third of die ventral wall of die left 
ventricle (Figure VIII -33) just above the 
apex (Monckeberg, 1924). 

Krmnbhaar and Crowell (1925) reviewed the 
hterature of the preceding 50 years on spontane- 
ous rupture of tlie heart To 632 published cases, 
they added 22 otlieis. They emphasized that 
cardiac rupture nearly always occurs ni on acute 
myocardial infarct which is the result of occlu- 
sion of a coronary artery. Rupture occurred more 
often m men (58 per cent) and in persons 60 
years or older (72.5 per cent). Most ruptuies 
were of the left ventricle (80 per cent), prob- 
ably because disease of tlie anterior descending 
branch of the left coronary artery was responsi- 
ble for tlie infarct, and because of the relativdy 
high pressure within tlie left ventricle; other sites 
included the right ventricle (10 per cent), the 
ri^ht atrium (6 per cent) and the left atrium (2 


per cent). Of Uie left ventricular ruptures, 60 
per cent involved the ventral wall, 2.3 per cent 
the dorsal wall and 15 per cent, the apa\. Usu- 
ally the tear was 1 to 2 cm. long, the edges ir- 
regular or jagged, and the external opening larger 
llian the internal opening. In most iiisbiiccs, the 
rupture was associated with the presence of ex- 
cessive cpicardial fat, and generally the heart 
was enlarged. 

Although Knimbluar and Crov^elI found car- 
diac rupture more often in men, Zmn and Cosby 
(1950) encountered rupture twice as commonly 
in women (22) as in men (12), among 679 
pathologically proved cases of myocardi.iI infarc- 
tion. Wessler and associates (1952) also found 
nipture relatively commoner in women, and at- 
tributed the greater frcqticncij in women to the 
greater incidence of hypertension among women. 
In a scries of SO patients with cardiac perfora- 
tion (Oblath el al , 1953), 47 were women and 
33 were men. 

In a review by Edmondson and Hoxie 
{ 1942) of the protocols of 72 cases of cardiac 
rupture, niplure occurred in all portions of 
tile heart except the dorsal wall of (he right 
ventricle. This latter area is rarely the scat 
of infarction. Clowe and associates (1934) 
reviewed 34 cases of atrial nipture in tlie 
literature; of tliese, 48 per cent occurred be- 
fore die age of 40 as compared to only 7 per 
cent of ventricular ruptures occurring before 
40. In all but 2 of 40 ruptured hearts studied 
by Benson and associates (1933), the infarc- 
tion was on the basis of sclerosis, tlirombosis 
or embolism of tlie coronary arteries; 1 was 
probably of syphilitic origin and 1, a dissect- 
ing aneury’sm involving tlie sinus of Valsalva, 
was caused by endocarditis from Streptococ- 
cus viridans. 

Aarseth and Lange (1958) analyzed 89 in- 
stances of hemopencardium. In 8 instances the 
heart was not perforated; in 3 of tliese, the aorta 
was raptured. All 81 cases of rupture of tlie 
heart were the result of acute myocardial infarc- 
tion. These 81 represented 6.6 per cent of 1229 
autopsies; 41 were men whose average age was 
68.5 years, and 48 were women whose average 
age was 72.5 years. No instance of rupture was 
found in any man under 50 or woman under 60. 
Anhcoagulants were given to 33 patients, 22 of 
whom died of cardiac rupture witliin 4 to 9 days. 
Of the S8 patients who did not receive antico- 
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agulants, 30 per cent died during the first day of 
jllness, 51 per cent within tlie first 5 day^ and 
80 per cent within the first 10 days. The sites and 
frequency of rupture were: anterior wall, 43, 
posteiior wall, 29, lateral wall, 1; apex, 8. In 
addition, 1 heart also had perforation of the ven- 
tricular septum. The precipitating cause of the 
rupture was not evident in most patients. In 1 
patient, death occurred while walking to the 
bathroom, 1, following an enema, and 1 during 
infusion of saline solution. Ruptuie occurred in 
8 of 72 patients (11.1 per cent) not treated with 
anticoagulants compaied with 15 of 69 patients 
(21.7 per cent) treated with anticoagulants. The 
author cited 4 other series of cases winch specified 
the number of patients treated or not treated with 
anticoagulants and the number of hearts found 
ruptured at autopsy. If all of these 5 series are 
combined, we obtain a total of 627 patients who 
did not receive anticoagulants, of whom 65 de* 
veloped rupture, an incidence of 10.4 per cent. 
This compares with a total of 240 patients who 
were treated with anticoagulants, 57 of whom 
developed cardiac rupture, an incidence of 23.7 
per cent, Tlierefore, during the first two (or 
three) weeks following acute myocardial in- 
farction, the danger of cardiac rupture is appre- 
ciably increased if anticoagulants are used. 

Time of rupture. Rupture of the heart may 
occur as early as 1 day and as late as 4 weeks 
after onset of infarction, but is commonest 
during tlie first week. Tlie average time of oc- 
currence is 7 days. If rupture occurs 3 or more 
weeks after infarction, it is likely that a com- 
plication is jiresent, sudi as anotlier acute in- 
farct (Mallory et al., 1939). Following i)er- 
foration into the pericardial sac, death is usu- 
ally sudden or occurs after a few minutes. In 
90 per cent of 400 ruptured hearts, the time 
of survival was 12 hours or less after onset of 
rupture (Krumbhaar and Crowell, 1925). 

In the case of ventricular septal perforation 
(Figures VlII-34 and 35) , survival is often longer, 
varying usually from several hours to sev'cral dajs; 
sometimes the patient survives for several montlis 
or years. The patient of Wood and Livezey 
(1942) lived nearly 5 years following lliis com- 
plication. Rupture of the ventricular septum may 
be diagnosed during life (Fouler and Failey, 
1948) on the basis of tlie history and findings of 
myocardial infarction and the development of 
signs of a ventricular septal defect, and particu- 


larly the sudden appearance of a thrill and a loud 
harsh systolic murmur along the lower left sternal 
border; and of right ventricular failure. Rupture 
of the ventricular septum may be confused with 
rupture of a papillary muscle of the left ventricle 
following myocaidial infarction. In rupture of 
the papilLiry muscle, the munniir is louder and 
nearer the apex and there is left ventricular fail- 
ure. Carroll and Cummins (1947) reported, in a 
60-year-oId man with coionary occlusion and 
myocardial infarction, laipture of the ventricular 
septum followed by rupture of the posterior wall 
of the left ventricle. 

Predisposing causes of cardiac rupture are 
absence of old myocardial scars and presence 
of iieavy infiltration of leukocytes, hemorrhage 
and increase in subepicardial fat in the region 
of infarction, and undue exertion or persist- 
ence of hypertension after onset of infarction. 
Edmondson and Hoxie believe that old scar 
tissue in the region of fresh infarction may 
lessen the cliance of perforation because of 
the presence in the scarred areas of increased 
collateral circulation, because of greater re* 



Figure VlIl-34, Perforation of intcrvcnUicuUr scpluin 
in area rf old and recent infarction. TJie walls of the 
defect were undergoing organization and a thrombus 
was attachevi to tlie inferior portion of the defect. 
(Courtesy of Dr. J. L. Chacon, Veterans Adniinh- 
traUon Hospital, Dearborn, MichigaiuJ 
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Figure VIII-35. Large defect ia intcrvcntncutar 
septum at inferior portion of old posterior basal 
aneurysm Tlie defect measured 2 cm. lo diameter 
and Its walls were smooth. The defect lo die 
upper portion of the figure was made by (be eut> 
ting knife. (Courtesy of Dr. J. L. Chasoo.) 


sistance of tlie fibrous tissue to ischemia 
and because of the support the fibrous tissue 
gives to the necrotic muscle. 

The accumulation of leukocytes in the in- 
farcted myocardium may conceivably liberate 
proteolytic enzymes which may contribute to 
softening of the necrotic muscle and thus add 
to tlic danger of rupture. According to Lowe 
(1947), perforation is not likely to occur in a 
direct line but rather to follow the interfaces 
between the spiral muscles. Rupture occurs 
in full-thickness infarcts; these arc common at 
the apcK of the left ventricle whicli is com- 
posed entirely of superficial muscle bundles, 
and rare at the base of the heart which is 
chiefly composed of deep muscles (Warhnan 
and Souders, 19.50). 

Howell and Turnbull (1950) found old hcalal 
infarcts in 4 of S hearts that ruptured following 
acute infarction. They did not, howeier, indicate 
tho relation of the old inharcls to the sites of the 
fresh infarcts or rupture. An old licalcd septal 
defect follow ing perforation of Uic infurcted septal 
muscle was reported by Gross and Sdiwartz 


(1936) to be circular, “seierar centimeters in 
diameter, and to have smootli regular edges. 

Evperiraentally also, it has been shown that 
in flesh infarction from recent occlusion (without 
associated old infarction or coronary narrowing), 
tlie heart is particularly suscepbble to rupture 
because of the absence of previously de\ eloped 
collateral anastomoses (Bliungart et ah, 1953). 
Oblath and associates (1952) found that most 
ruptures occurred after dissection of the infarcled 
myocardium, and only a few were "blow-outs.” 

In a careful study of 20 ruptured hearts, Wess- 
ler and associates (1952) found that rupture 
usually occurred behveen die fourUi and eleventh 
day after onset of acute myocardial infarction, 
that the patient usually had hypertension but no 
preiious history of old mjocardial infarction or 
congestive failure, and that persisting hyperten- 
sion or excessive effort usually preceded rupture. 
The infarct w-as generally transmural, the affected 
legion of the myocardium being poorly supplied 
by collateral cirailation and hai’ing no fibrosis. 

Physical exertion during the act of defecation 
may induce rupture. Howell and Turnbull 
(1930) reported that, of 8 patients with cardiac 
rupture following acute infarction, 2 collapsed 
III the bathroom of their home, a third while 
using a bedside commode, and a fourtli patient 
died while using a bedpan. 

McNamara and associates (1937) reported car- 
diac rupture from weakening of the myocardium 
by metastatic carcinoma. Gladden (1943) col- 
lected from the literature 9 cases of myocardial 
abscess \vith cardiac rupture and added 1 case. 
None of the 10 patients had any cardiac symp- 
toms prior to the rupture. 

Heniopericardium. The commonest cause of 
liemopericardiuin is rupture of the myocar- 
dium. Other common causes include trauma, 
and perforation into the iiericardial sac of a 
dissecting nneurysni of the first portion of the 
ascending aorta. Hemopericardium is also 
found in some instances of metastatic neo- 
plasm involving the pericardium. In fatal 
hemopericardium from tamponade following 
rupture of the myocardium, the amount of 
blood in the pericardial ca%’it}’ has been esti- 
mated to vary from 150 to 700 ml., and in the 
majority of cases from 200 lo 250 ml. (Ed- 
mondson and Iloxie, 19-12). Munck (1916) 
found an average \oIume of 3S0 ml. of san- 
guineous fluid in the pericardial sac in 16 car- 
diac perforations among men, and an average 
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of 270 ml. of fluid in 10 women. Tlie slower 
the escape of blood into tlie pericardial cavity, 
the larger the amount that can be tolerated. 
In chronic disorders, like tuberculous peri- 
carditis, as much as a liter or more of fluid 
(not necessarily bloody) may accumulate 
gradually, the heart having had time to adjust 
itself to the great distension of the pericardial 
sac. 

Anderson and co-workers (1952) reported 3 
cases of hemopericardmm complicating myocar- 
dial infarction m the absence of cardiac rupture. 
Two of the patients came to autopsy^ 1 had had 
anticoagulant therapy. In all 3, the hemorrhage 
was attributed to bleeding from the pericardial 
granulation tissue. The authors pointed out that, 
in such cases, aspiration of the fluid from the 
pericardium cavity may be life-saving. 

Ventricular Failure Following Myocardial 
Infarction. Cardiac failure occurring in myo- 
cardial infarction is usually attributable to 
failure of the left ventricle. Most patients with 
left heart failure also develop insufBciency of 
the right ventricle, the manifestations of which 
then dominate tlie clinical picture (Fishberg, 
1932). Tills may occur especially in patients 
who, in addition to the left iieart failure, have 
chronic pulmonary disease and right ventricu- 
lar hypertrophy. Failure of the right ventricle 
Is particularly likely to ensue following per- 
foration of the infarcted ventricular septum. 
Jn this case the light ventricle must withstand 
tlie higlier pressure transmitted from the left 
ventricle with which it communicates. 

Bernheim’s syndrome. Encroacliment of the 
ventricular septum upon {lie cav’ity of the right 
ventricle, as in hearts with severe left ventricular 
hypertrophy or in infarction of the septum, has 
sometimes been held responsible for the so-called 
Bemheims syndrome, in which the patient de- 
velops symptoms of right heart failure with dis- 
tention of the veins of the neck and injection of 
the facial veins, followed by cyanosis, edema of 
tlie lower extremities and congestion of the liver, 
but without accompanying pulmonary edema. 
Peel (1948) reported a dissecting aneurysm of 
the ventricular septum secondary to calci/icatum 
of the coronary arteries and thrombotic occlu- 
sion of the anterior descending br.inch of the left 
coronary. Tlie aneurysm formed a swelling 38 
by 28 mm. and projected into the cavity of the 


ri^t ventricle (Bemheim’s syndrome) for an ex- 
tent of 15 mm. The progressive right ventricular 
failure in this patient was attributed, in part, to 
obstruction of the outflow tract of the right ven- 
tricle by protrusion into it of the septal aneurysm 
and, in part, to disease of the myocardium. Evans 
and White (1948), in a study of the clinical and 
pathologic findings in 33 patients in whom the 
heart weighed more that 750 grams, did not en- 
counter a single unquestionable example of 
“Bemheim's syndrome” and recommended that 
the designation be dropped. Fishberg (1940) 
and others (Atlas et al , 1950, Russek and Zoh- 
man, 1950), however, support the validity of this 
syndrome. The development of cardiac hyper- 
trophy as a result of cardiac failure that follows 
myocardial infarction has been previously men- 
tioned (page 546). 

Spontaneous Rupture of Papillary Muscle. 
Davison (1948) reviewed the clinical and 
pathologic findings in 31 reported cases of 
spontaneous rupture of papillary muscles. 
Rupture of the papillary muscles of the right 
ventricle was encountered only twice, both 
as a result of involvement by bacterial oegeto- 
tions. Among instances of rupture of the 
papillary muscles of the left ventricle, the pos- 
terior muscle (Figure Vin-36) was affected 
twice as often as the anterior. In 2 instances 
perforation appeared to have been caused by 
mpliilis; all others were associated with coro- 
mrtj atherosclerosis and most of these, with 
coronary occlusion and myocardial infarction. 
Davisons 3 cases were encountered among 
14,000 autopsies, and in 1 of these, the diag- 
nosis had been made antemortem. He ascribed 
the greater frequency of involvement of the 
posterior muscle to its remoteness from the 
source of blood supply, and perhaps to a poor 
collateral blood supply to the superficial bul- 
bospiral muscle which forms the left posterior 
papillary muscle. On the other hand, the left 
anterior papillary muscle is a favorite site 
of scarring (Monckeberg, 1924, p. 397). The 
left anterior papillary muscle derives its blood 
supply only from the left coronary artery 
(from a branch of the left anterior descending 
ramus) and lies at the greatest distance from 
tl»e ostium of the artery (Gross, 1921); the 
left posterior muscle receives branches from 
both coronaries. 


614 


PATHOLOGY OF THE HEART 



Figure VIII<3d. Rupture of poslerior papillar>’ inu&cic of left ertitricle. 
Heart vsdght 1025 Cm. A “ming” systolic apical muniiiir ua5 transmitted 
to tlic antenor axillary line. Tlic patient, aged *10, ssas in sc\erc congestisc 
failure during the last 6 uccLs of life. (WCGH, 3-1 A 6-1.) 


Smith (1930) reported 2 instances of spon- 
taneous rupture of the left posterior papillary 
muscle in its mulportion, associated in each in- 
stance with recent thrombosis of the nght coro- 
nary artery. Each patient died m circulatory 
collapse 3 days after the onset of the attack. 
Smith stated that in 18 of .33 reported cases. Uic 
rupture was the result of thromhosis of a coro- 
nary artery and «as associated uith infarction of 
die myocardium, the posterior papillary muscle 
of the left \entncle was ruptured m 13 patients, 
in 11 of whom there was thrombosis of U»c right 
coronary artery or of die circumflex branch of the 
left coronary. Rupture of Uie anterior papillary- 
muscle of the left ^ent^cle followed coronary- 
thrombosis in 5 persons, in 3 of whom die left 
circumflex or anterior descending branch was in 
volved and in 2, the right coronary. 

Most pabents die suddenly and almost immedi- 
ately after rupture of a papillary muscle. In 1 
patient, life persisted 10 months following rup- 
ture; in another, 20 months. One pabent stated 
that he bebeied a muscle had broken over the 
heart. (See Stevenson and Turner, 1933.) The 
diagnosis should be considered if a patient with 
evidence of myocardial infarcbon develops a 
change in the character and intensity of a mur- 


mur which was present prior to the infarction. 
Tlio new murmur is usually located over the 
mitral area, is systolic in time, and loud and liarah 
in character. The condition must be distinguished 
from rupture of mitral chordae tcndincae, rupture 
of an aortic cusp, and acute x>crfomtion of an in- 
farcied interventricular septum or ventricular 
wall. Traumatic nipfiirc of the papillary muscles 
has also been reported (Glcndy anil White, 
193C. Payne and Hardy, 1937), and Smith 
(1950) mentions an unreported case in which 
rupture was attributed to polyarteritis nodosa. 

Abscess Formation in Myocardial Infarct. 
Miller and Edvv.irds (1931) reported the oc- 
currence of an abscess in an acute myocardial 
infarct The infecting organism, Escherichia 
coli, was believed to have been derived from 
Uie right kidney which was the seat of acute 
pyeloneiihritis. Tlie authors encountered re- 
ports of 3 other cases of abscess associated 
vvitli acute myocardial infarct; in each of 
these tlie abscess vv^as believed to liave been a 
complication of a pyogenic pneumonia, and 
in one of these (Case I, Tedesclii et ah, 1950), 
the heart had nipturcd. 
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Figure VIII-37. Large left ventncular aoeuiysin. (WCGH, 47 A 301.) 



Figure Vlll-38. Section of left \catncular aneurism (same as Figure 
VUI-37) sliowing large laminated mural thrombus. 
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Figure VIII-39 Old postenor basal infarct aneurysm of ualJ. ALo note ficvh uccluNiun 
Nvitl) bematoma in left circiimflex artery ssitb fresit patchy licinorrliagic infarction of lateral 
w all of left \ cnlncle. ( WCGH, 37 A 337. ) 


Rupture of Coronary Sinus. Hinshaw and 
Brown (1949) reported rupture of the coro- 
nary sinus as a result of involvement of llie 
sinus in an area of recent myocardial infarc- 
tion at the base of the lateral wall of the left 
ventricle, following atherosclerotic occlusion 
of the left circumflex artery near its origin. 

Trophic Changes in Hands Following Myo- 
cardial Infarction. In 18 patients with clinical 
thrombosis and in 4 others witli persistent 
angina pectoris, Askey ( 1941 ) observed a syn- 
drome of pain and restriction of movements of 
one or both shoulders and of stiffness, pain 
and swelling of one or botli hands. Seven of 
the patients had Dupuytren’s contracture. TJie 
syndrome was explained by a reflex induced 
by myocardial ischemia, afferent fibers fox 
painful stimuli from the heart connecting with 
afferent fibers for pain from the shoulder. 
Kehl (1943) reported 6 cases of Dupuytren’s 
contracture (bilateral in 5) as a sequel to 
coronary occlusion. He felt that irritation of 
the sympathetic ganglia, consequent upon the 
coronary disease, was a possible factor. John- 


son ( 1943 ) obserx'cd disabling changes in Ujc 
hands, resembling sclerodactylia, in 39 of 178 
consecutive cases (21 per cent) of acute myo- 
cardial infarction, and suggested that they 
were caused by ischemia of the tissues of the 
fingers resulting from reflex vasoconstriction 
of the arteries of the hand induced by cardiac 
pain. 

Aneurysm of Ventricle. A cardiac aneurysm 
represents bulging of a diseased weakened 
cardiac wall in response to the intraluminal 
pressure. About 85 per cent of sucli aneu- 
rysms are caused by coronary occlusion 
(Sternberg, 1914). Cardiac aneurysms most 
often involve the left ventricle, those of the 
right ventricle being rare, and those of the 
atria exceedingly rare (Monckeberg, 1924). 
Anterior apical aneurj'sms (Figures VIII'37 
and VIII-38) show bulging of an infarcted 
area that is generally 3 to 5 cm. or more in 
diameter, while posterobasal aneurysms (Fig- 
ure ViU-39) produce a lesser degree of bulg- 
ing in an infarcted area and generally measure 
2 to 3 cm. in diameter. In the case reported 
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by Shennan and Niven (1925), the greatest 
diameter of the aneurysm was 16 cm. 

Among 160 myocardial infarctions, Warlman 
and Hellerstem (1948) found 35 (22 per cent) 
with ventricular aneurysm, all m the left ventri- 
cle. Of this number, 25 were in the anterior 
apical portion, 3 in the posterolateral portion and 
7 in the posterobasal region. Most of the aneu- 
rysms had mural thrombi. Among 114 hearts 
witli gross infarcts, Yater and associates ( 1948c) 
encountered 4 with ventricular aneurysms (3 5 
per cent) . Two of these aneurysms were the re- 
sult of fresh infarcts and 2 (he result of old in- 
farcts, Betsch (1945) found 11 cardiac aneu- 
rysms among 141 cases of myocardial infarction 
(8 per cent), while Parkinson and associates 
(1938) determined from published postmortem 
statistics of 6 separate groups of observers tliat 
cardiac aneurysm occurred in 9 per cent of cases 
of infarction. Among 7200 autopsies, Betsch 
found an incidence of 1.5 per 1000 autopsies, 
LucW and Ren (1921) found an incidence of 
1.1 per 1000 in a series of 12,000 autopsies. 
Fujmami (quoted by Monckeberg, 1924) report- 
ed occurrence of 3 ventricular aneurysms m a 
7S-year-old woman with severe atherosclerosis. 

Ventricular aneurysms of atherosclerotic 
etiology appear to develop particularly during 
the period of myocardial necrosis and soften- 
ing, especially during the first 2 weeks after 
coronary occlusion (Fulton, 1941). Ball 
( 1938 ) e.xpressed the belief that the develop- 
ment of a ventricular aneurysm is favored by 
permitting the patient to be up and around 
too soon, i.e., within a week or two after the 
development of acute infarction. Evidence to 
support this belief is found in the work of 
Sutton and Davis (1931). These investigators 
exercised dogs following coronary ligation, 
and sacrificed the animals after an interval 
sufficiently long to permit healing of the myo- 
cardial infarct. One animal was given a rest 
of 6 days after ligation; the infarcted area was 
well scarred without thinning of the ventricu- 
lar wall. In 4 other animals, exercise was 
started xvitliin 3 days of the operation; their 
hearts presented thin scars with aneurysmal 
bulging. 

Fenner and Peters (1946) reported surttcal of 
15 years following onset of occlusion; Uiey be- 


lieved that the aneurysm of the left ventricle was 
present for 15 years. The long survival was attrib- 
uted to an extended period ( 1 year) of hos- 
pitalization after onset of symptoms of infarction. 
Joachim and Mays (1927) encountered a large 
left ventricular aneurysm at autopsy m a man 
of 25 who died suddenly; the anterior descending 
branch of the left coronary artery was occluded 
near its origin The patient had suffered multiple 
fractures of the nbs of tlie left side when he was 
run over by a wagon at the age of 12. 

Causes of ventricular aneurysm, other than 
atheroscleiosis. Parkinson and associates reported 
ventricular aneurysm following necrosis of the 
myocardium caused by rheumatic fever. Cardiac 
aneurysms may also be caused by gumma, in- 
fective endocarditis with abscess of the myocar- 
dium, particulaily in association with mycotic 
coronary arteritis, congenital defects and trauma. 

Grossly the aneurysm may be saccular but 
more often it is not sharply demarcated from 
the ventricular cavity. The endocardial surface 
is frequently the seat of a mural thrombus. 
Tire wall of the aneurysm, exclusive of any 
mural thrombus which may be attaclied, is 
thinner (Fjguie Vin-40) than that of the 
ventricle prior to infarction. Its tliickness Is 



Figure VIIJ-10. Old infarct and aneurysm involving 
lower tvvo-tinrds of right ventral wall of left ventri- 
cle and lower and ventral three-fourths of septum. 
Tlie luticnt was a man of bS who <licd from tlie 
effects of carcinoma of the prostate rather llian fniin 
heart disease. (WCClf, 3S A 3G1.J 
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Figure VllMlA. Pseu<loaneur)iui of tc/t ventricle, fonnetl result of perforation 
of infarctecl posterolateral wall of ventricle into pericardial sac. Aneurysm U seen 
from aspect of opened pencardial pseudodiverticuluui. Courtesy of Dr. Cl>de O. 
Hurst, Henry Ford Hospital, Detroit. (WCGH, 58 P 482.) 


determined by tbe amount of muscle de- 
stroyed, tile extent of scarring and contraction 
o! scar tissue and tbe degree of bulging caused 
by tlie mtraventricular pressure. Monckeberg 
(1924) pointed out that adlicsions between 
the epicardium and pericardium in Uie region 
of the aneurysm may serve as a protective 
measure against an otherwise fatal hemor- 
rhage into the pericardial cavity. 

^UcroscojHcally tlie muscle fibers arc de- 
creased in size and often in number, and 
there are various degrees of necrosis, fibrosis, 
hyalinization and, sometimes, deposits of cal- 
cium in tlie infarcted area. Tlie degree of myo- 
cardial softening seems to be a predisposing 
factor in spontaneous cardiac rupture follow’- 
ing myocardial infarction (Edmondson and 
Hoxie, 1942). 

The larger v’entricular aneuiysms may be 
diagnosed clinically on the basis of a history of 
coronary occlusion, electrocardiograpliic clianges, 
enlargement of the heart, particularly to tbe left, 
and radiologic examination indicating change in 
the character of the apical pulsation and altera- 
tion in size, shape and contour of the heart. In 
anterior aneurysms, a “ledge” or bulge (Figure 


V11I*67) in die cardiac border may be seen on 
x-ray examination when the patient is placed in 
the right oblique position, while posterior aneu- 
O'sms (Figure VJJI-39) may sometimes be seen 
vvitli Uio patient in the left oblique position. Aneu- 
rysm or perforation ^f the inten entricular sep- 
tum may cause enlargement of the heart to the 
right. Somebmes calcificab'nn occurs in Uie wall 
of an aneurysm and may be seen in roentgeno- 
grams. On fiuoroscopic examination, an aneu- 
rysm located between die apex and the base may 
produce a localized area of pulsation in diis 
area. 

Riederer and Themel (1955) reported occur- 
rence of a pericardial pseudodiverticiihim subse- 
quent to rupture of a myocardial infarct in a 67- 
year-old man who survived die acute infarcbon 
for 5 months. We have observed a similar case 
of Dr. Clyde O. Hurst of Henry Ford Hospital, 
Detroit, ill which die patient died 6 years after 
the clinical detection of a left centriciifor psciido- 
aneurysm (Figure VHI-41A and B). In both of 
these cases, the wall of the pseudoaneurysm was 
formed by pericardium, and a pre-existing peri- 
carditis was diought to have produced a localized 
hemopericardium and the subsequent develop- 
ment of a fibrous thick-walled pscudoaneuiy’sm 
which communicated with the .chamber of the 
left ventricle dirough relatively small openings. 
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Figure VI1I-41B. Pscudoaneurysm of left ventricle shown in Figure VIII-41A, seen 
from interior of left ventricle. Posterolateral wall is per/oraletl J» region of muscular 
attachment of chordae tendiocac of postcnor Icallet of mitral valve. 


Calcification of Myocardium may be the 
result of inflammatory, degenerative or vas- 
cular lesions. Plaque-lii^reas of calcification 
(Figure ¥111-42) maj^^found (principally 
by radiologic examinati ^7 in old myocardial 
infarcts and particularly in the wall of an 
aneurysm (Brean et al., 1950). Calcification 
must be distinguished from that occurring in 
the pericardium as a result of an old tubercu- 
lous or purulent inflammation. Finestone and 
Gescliickter (1949) briefly reviewed the litera- 
ture on myocardial calcification and found 
that the commonest lesion in which calcifica- 
tion occurred was an old myocardial infarct. 
In addition to their own case, they mentioned 
5 others in which bone fonnalion was asso- 
ciated with the calcification. 

Spontaneous Kuplure of Cardiac Aneu- 
rysm. Spontaneous rupture of a cardiac aneu- 
rysm is rare, the usual terminal event being 
cardiac failure; rupture of the heart wall fol- 
lowing coronary occlusion is more likely to 
occur during the first 10 days after onset of 
the infarclion. 

Betsch (1943) reijortcd 2 instances of spon- 


taneous rupture among 11 patients with cardiac 
aneurysm. Betsch's first case was a 40-year-oId 
man whose first attack of infarction occurred 4 
months before death. He had a ventricular aneu- 
rysm, 10 an. in diameter, which still showed an 
organized mural clot. In his second case, tlie 
aneurysm occurred in a 52-year-old man with no 
previous cardiac history nnd appeared to be of 
recent ongiii. Fisher’s (1945) patient was 67 
years of age and died of rupture of a cardiac 
aneurysm 11 weeks after onset of symptoms of 
infarction. This patient .appeared to hcive had 
adequate rest following the myocardial infarc- 
tion. Almost always rupture of the heart occurs 
in a fresh myocardial infarct but Brown and 
Evans (1940) reported an instance of cardiac 
rupture through a calcified myocardial infarct 
after the formation of a myocardi.al aneurysm. 
They suggested that this occurred as a result 
of the localization in the aneurysm of an in- 
flammatory process secondary’ to bacteremia from 
a perinephric absiccss. In an in5l.iiice of rupture 
of a Ventricular aneurysm encountered by Yater 
and assodates (I94Sc). (he aneurysm appeared 
to be Uie result of a fresh infarct Rupture of .n 
ventricular aneurysm may also be traumatic 
(Monckeberg, 1021). 
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Figure VIII-42 Multiple old licalcd iafants. The 
wall of the aneurysm was tlic scat of calcification 
(WCGH, 34 A 29.) 


Atherosclerotic Aneurysm of Coronary Ar> 
tery. A small proportion of aneurysms of the 
coronary arteries develop on the basis of ath- 
erosclerosis. In a review of the literature, 
Mitchell (1947) encountered 17 instances of 
atherosclerotic aneurysm. In 5 of these, rui>- 
ture and death ensued, in the others, the find- 
ing was incidental. For a discussion of aneu- 
rj'sra of coronary arteries from other causes, 
see pages 637 and 639. 

Prognosis 

Survival after Onset of /Vngiua Pectoris, 
Coronary Occlusion or Myocardial Infarction. 
Survival depends on a number of factors, in- 
cluding the nature and extent of the arterial 
disease, previous occurrence of infarcts, the 
severity of tlie attack, tlie presence of shock, 
the amount of muscle damage, and the devel- 
opment of arrhytlimias, congestive failure or 
complications, particularly tlirombosis and 
embolism. 

Coombs (1932) pointed out that the prognosis 
depends more on the severity of the attack than 
upon the state of the patient before the attack. 
He believed the degree of reduction in pulse 


pressure to be tlie single most important sign; 
that a considerable fall in systolic pressure was 
significant, and that extreme pallor was an omi- 
nous sign. Witli the increasing recognition of 
milder forms of coronary occlusion and with im- 
proved methods of treatment, the mortality rate 
IS diminishing. The vast majority of patients re- 
cover from the initial attack of occlusion. The 
prognosis becomes more serious witJi succcedmg 
attacks. 

In their study of heart failure from coronary 
“thrombosis,” Master, Dack and Jalfe (1937) 
found that the »;iorfa/ify rate was -1 per cent in 
the absence of failure and 30 per cent in the 
presence of failure. In failure of the left ventricle 
alone, the mortality rate was 4 per cent; in failure 
of Iwlli ventricles, the rate uas 40 per cent. The 
atcrage age of those who died without evidence 
of cardiac failure was 49 years; of those with 
heart failure, 57 years. Tliey found the following 
signs associated n.tth heart failure and with a 
l)oor prognosis in acute coronary occlusion: pulse 
nite of 100 or more, pulse pressure of 20 mm. or 
less, muffled or “tic-tac” heart sounds, diastolic 
gallop rhytlim, respiratory rate over 26 per min- 
ute. cyanosis, orthopnea, edema of lungs, fever 
above 101* F. and severe shock. Arrhytlimias 
were usually transient and did not alter the prog- 
nosis but, according to Thompson and Levine 
(1936), the prognosis is made worse by the oc- 
currence of pulsus altemans, especially if it ap- 
pears within a number of hours or a few days 
after the onset of acute infarction. Master and 
associates believe that hypertension, altliough an 
etiologic factor in coronary occlusion, apparently 
has little effect on the mortality rale. The mor- 
tality rate rose from IX per cent in tlie first attack 
to 50 per cent in tlie third attack. 

Drake (1940) thought that the immediate 
mortahUj of coronary “thrombosis” under the 
best conditions is about 15 per cent. Drake 
quoted references to reported cases with survival 
of 18 years and 24 years and reported survival 
of a patient for nearly 40 years after an initial 
attack of myocardial infarction at the age of 40. 
Master and associates (1943) found that when 
the systolic hlood pressure fell below 80, the pa- 
tient usually died; the height of the blood pres- 
sure did not significantly influence the future 
course of the patient with respect to subsequent 
angina pectoris, heart failure, coronary occlusion 
or death. 

Wliitc and co-workers (1943) studied the 
durabon of disease in 497 patients with angitia 
pectoris. Of the 445 patients who had died up 
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to the time of tlieir report, the average duration 
of the disease was 7.9 years. The average dura* 
tion in the 52 persons who were still living was 
18.4 years, and it ^vas estimated tliat the average 
duration for the entire group would be about 10 
years. Parker and associates (1946) made a 
follow-up study of 3440 patients with angina 
pectoris. The mortality rate for this entire group 
during the first year after diagnosis was 18 per 
cent, and approximately 10 per cent annually 
among survivors in each subsequent year. The 
rate was higher for men than for women, and 
for patients in the fourth decade than for those 
belonging to older decades. The rate was higher 
also in the presence of cardiac hypertrophy, hy- 
pertension, congestive heart failure, significant 
electrocardiographic ahnonnahties, and previous 
myocardial infarction. Smitli and associates 
(1951) found that the mortality rate was not 
increased among their patients who had a history 
of antecedent angina. In the series of Zoll and 
associates (1951c), however, a more serious prog- 
nostic impact was evident. Of 177 patients with 
angina pectoris, one-third were dead within 1 
year after the onset of angina, half were dead 
within 2 years, three-fourths were dead within 5 
years, and nine-tenths within 10 years. While 
these figures would seem to indicate that the 
prognosis among patients with angina is belter 
than among those with myocardial infarction, in 
general, patients who hav'e had angina who are 
hospitalized and come to autopsy are likely to 
have been more seriously ill than those who die 
of angina at home. 

Chambers (1946) observed 100 consecutive 
patients (average age, 59 years) in their initial 
attack of acute myocardial in/arcfioii. Thirty-four 
died within 1 month and another 8 within a year. 
Of the 58 who survived 1 year, 9 had nonfatal 
recurrent infarctions. Tlie average age of those 
who died was 3 years greater than that of the 
survivors. He found (1947) antecedent hyper- 
tension in 74 per cent of patients, but no rela- 
tion between antecedent hypertension and the 
mortality rate. An early return of the blood pres- 
sure to normal or to hypertcnsise levels existing 
before occlusion n^xis a good prognostic sign; in 
the fatal group the blood pressure did not return 
to its former level. 

Master (1947) estimated the mortality rale 
from all cases of acute coron.iry occlusion to be 
less than 20 per cent, and for the first attack, to 
be less than 10 per cent, Katz ( 1947) detcmiined 
that about one-fifth of patients studied with re- 
cent mj'ocardial infarction died during their Imw- 


pital slay, and that the average expectancy of life 
following an infarct was 5 years. He found that 
some patients lived comfortably for over 20 years 
following an infarction. Patients whose blood 
pressure fell markedly and patients in shock had 
a poor prognosis. He stated that infarction is 
more benign than is generally appreciated, that 
it usually is self-limited; and that by the time the 
clinician sees the patient, the latter is already' con- 
valescing. 

Yater and associates (1948g) determined that 
shock occurred in 17 per cent of their patients 
with coronary artery disease at the onset of the 
attack, and that it was 8 times as common in 
men who died as in those who survived. As a 
rule, younger patients lived longer; also, as a 
rule, the greater observance of caution by the 
patient folloiv'ing recovery from the effects of 
coronary occlusion, the longer will he live (While 
and Bland, 1931). 

Katz and associates (1949) also studied the 
length of survival of 507 patients hospitalized for 
recent myocardial infarction. They found that ap- 
proximately one-fourth were dead at the end of 
2 months, one-half at the end of 1 year, two- 
thirds at the end of the third year, and four-fifths 
at the end of 5 years. The group which had had 
heart failure or diabetes at the time of admission 
showed a greater mortality rate at the end of 2 
months and for the entire penod studied. 

A rectal temperature above 104* F., a leuko- 
cyte count over 25,000 or a venous pressure over 
200 mm. of water indicates a grace prognosis, 
according to Shilhto and associates (1942) . Seven 
of 8 of their pab'ents showing any of these signs 
died within 16 days .after the coronary attack. 
Although almost all of their patients showed an 
increase in the sedimentation rate, the degree of 
its increase was not found to be a reliable index 
to prognosis. Goodrich and Smith (1936) be- 
lieved that a count of nonfilamented polymorpho- 
nuclear leukocytes in excess of 30 per cent after 
the fourth day of an attack of coronary occlusion 
constituted an unfavorable sign. Sinitli and asso- 
ciates (1951) noted that a high leukocyte count 
indicated a poorer prognosis. They calculated that 
the mortality rate in their series of patients with 
acute infarcts was 42 per cent among tliosc vvlio 
developed thromboembolic complications, as com- 
pared With 20 per cent among those who had no 
such complications. The therapeutic use of anti- 
coagulants within recent years has significantly 
reduced the incidence of tlirombosis and embo- 
lism following myocardial infarction and the mor- 
tality rale in this group of patients (Allen ct al.. 
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1947; Wright ct al, 1948; Nichol and Borg, 1050; 
Smith et aJ., 1951). 

The prognosis /or a diobctic pnlfcnt wiili ro>o- 
cardial infarction is poor. Bradley .and Bryfogic 
(1956) found Uiat 57.7 per cent of patients who 
died from the first attack of infarction were dia- 
betic. 

Russek and Zohman (1954) studied tlie stir- 
vical rates among 1318 patients who lud acute 
myocardial infarction which was confirmed by 
electrocardiographic signs. Of 611 wlio were re- 
garded as good risks on the day of admission, 3.4 
per cent died and 1.3 per cent had thrombotic or 
thromboembolic cumphealions, of 707 who were 
thought to be poor risks, 60 per cent died and 
11 5 per cent had thrombotic or lliromlwcinlwlic 
complications. The mortility rale for p.kticnls un- 
der 60 years was 30 per cent, for patients o\cr 
60 years, 40 per cent. The presence of any of the 
following conditions caused the patient to be 
classified as a poor risk, previous myocardial in- 
farction, intractable pain, extreme or persisting 
shock, significant enlargement of heart, gallop 
rhythm, congestive heart failure, cardiac arrhyth- 
mias, diabetic acidosis, obesitv, or previous his- 
tory of thromboembolic phcnoinonon. Ricliards 
and associates (1956) made a follow-up study 


for a period of 25 years of 200 patients with myo- 
cardial infarction who had been seen in consulta- 
tive practice. Of the 200 p.vtienls, 38 died during 
the first 4 weeks; 79 survived 5 years; 50, 10 
years; 23, 15 years; 8, 20 years; 6, 25 years, and 
one was alive 28 nnd another 29 years later. Tlicy 
regarded the degree of recovery following the 
acute period of infarctinn as the best index to 
long-tcnn survival. 

Weiss (1950) made a 10-ijcar follow-up of 211 
patients who reanered from a first infarct and 
lived more than 2 months. Of these, 77 (36.5 
per cent) lived more than 10 years; the majority 
of them were in the yotinger age groups. Among 
those who died, the cause of death was cardio- 
vascular disease in 88 per cent and ccrebrov.is- 
cular disease in 7 per cent- Weiss and Weiss 
(1938) conducted a .5->ear follow-up study of 
431 men in private practice who returned (o 
work after siiITcring an athick of myocardi.il in- 
farction. The average time of returning to work 
was 3 montlis. One third (143) of the patients 
worked less than 5 years. Of these, two thirds 
died and one ihinl retired. The reiiuining two 
thirds of the patients (288) were at work after 
5 years. 


BIBLIOGRAPHY 


A. ConoxARY Sclerosis 

1833 Lobsteiv, J. C. C. F. M : Trait4 d'analomie 
paiJioIogique. 1829-33. Cited by £. R Long 
(1933). 

1855 RoKiTANsKy, C.: A Manual of Pathological 
Anatomy. Philadelphia, Blanchard & Lea, 4;205. 
Trans, by G. E. Day. 

1878 Hammeb, a.: Ein Fall von tliromboliscltan 
Verschluss ciner der Kranzartenen des Hcizens, 
Wten. mcd. Wchnschr., 28 97-102 

1880 Ziegler, E.; Ueber die Ursaclien der Nic* 
renschrampfung nebst Bcmerkiingen ober die 
Unterscheidung verschiedener Fonnen der Neph- 
ritis, Deutsch. Arch. f. hlin. Med., 25;5S6'623 
(p. 589). 

1896 Dock, G.: Some notes on the coronary ar- 
teries, M. and S. Reporter, 75-1-7. 

1910 AxtENoMiTA, R.: Ober die Bezidiungen 
zwischen Koronararteiien und Papillarmuskcln in 
Herzen, Virchows Arch. f. path. Anaf., J99.-187- 
213. Cited by W. Spalteholz (1924). 

1910 Obrastzow, W. P., axd S-mAscirESKo, N. D.: 
Zur Kenntnis der Thrombose der Koronararterien 
des Herzens, Ztschr. f. kltn. Med., 71.-116-132. 

1911 HoantAUS, H.: Zur Diagnose des plotzlichcn 
Verschliisse der Kranzarterien des Herzens, 
Deutsche mcd. 'Wchnschr., 37;2065-2068. 


1911 Klotz, O , AXO Manxino, M. F.z Fatly streaks 
in the intiina of arteries, /. Path, if Bact-, JG: 
211 - 220 . 

1912 ilEiuucE, J. B.: Clinical features of sudden 
idrstniclion of the coronary arteries, JA.MA., 59: 
2015-2020. 

1914 Stetlsberc, M.: Das chromsche partklle Ilcrz- 
ancunjsma. IVien, F. DeuU'cke, 76 pp. 

1916 Karsn'er, IL T., and Dvvvlr, J. E., Jn.: 
Studies in infarction. IV. Experimental blood in- 
farction of the myocardium, myocardial regenera- 
tion and cicatrization, J. Med, Research, 34.21-39. 

1921 Gross, L.: The Blood Supply to the Heart 
in ft* Anatomical and Clinical Aspects. New York, 
Hoeher, 171 pp. 

1921 Lucks, B., axd Rea, M. H.: Studies on aneu- 
rysm. 1. General statistical data on aneurysm, 
JJ^MJ^., 77.935-940. 

1922 Crainicianu, A.: .4natomischc Studien uber 
die Coronararterico uud experimentclle Untersuch- 
ungen uber ihre Durchgangichkeit, Virchows 
Arch. f. path. Anal , 238:1-73. 

1923 Vox Glaiix, VV. C.: Coronary disease and in- 
farct of the heart, Proc. Tieio York Path. Soc., 33: 
107-112. 



ATHEROSCLEKOSIS 


623 


1924 Monckeberg, J. G.: Die Erkrankungen des 
Myokards und des spezifischen Muskelsystems. lo 
Henke, F., and Lubarsch, O.: Handbuch der 
speziellen pathologtichen Anatomie und Histol- 
ogte. Berlin, Springer, Vol. 2, pp. 290-555. 

1924 Spalteiiolz, W.. Die Arterien der Herzuand 
Anatomtsche Unterstichungen an Menschen- und 
TtcrhcTzen. Leipzig, Hirzel, 165 pp. 

1925 Benson, R L , and Hunter, W. C.. ITie 
palhology of coronary artenal disease, Norihu^est 
Med., 24 606-610. 

1925 Kabsner, H. T , Saphir, O , and Todd, T. W.: 
The state of the cardiac muscle in bypertn>id)y 
and atrophy, Am } Path , 1.351-371. 

1925 Kbumbiiaar, E. B., and CRO^vELL, C.: Spon- 
taneous rupture of the heart. Am. J. M. Sc, 170 
828-856 

1925 Suennan, T, and Niven, W.. Unusually 
large cardiac aneurysm, /. Path h Bad , 28- 
390-392. 

192pr Bork, K.: Uber Kranzadcisklerose, Virchoiw 

-w''^rc/i f. path. Anot, 262.646-657. 

1927 JoACiUM, H , ANTJ Mays, A. T • Case of 
cardiac aneurysm probably of traumatic origin. 
Am. Heart J , 2 682-686. 

1928 Bell, E. T , and Clawson, D J : Primary 
(essential) hypertension. Arch. Path , 5939-1002 

1929 Levine, S. A., and Brown, C. L.: Coronary 
thrombosis: Its various clinical features. Medicine, 
3:245-418. 

1929 WoLKOFF, Kawtoline: Ueber die Atherosklc- 
rosc der Koronaraiteiien des Herzens, Bcitr. z 
path Anat. u. allg. Path , 82 555-59$ 

1930 Benningiioff, A.: Dlutj^asse und Herz III 
Die Artenen, Handhuch ^^ro. Anat. d. Afcn- 
schen, 6.49-131. 

1930 Blotneh, H.: Coronary disease in diabetes 
mellitus, New England J. Med., 203.709-713 

1930 Conner, L. A , and Holt, E.: The subse- 
quent course and prognosis in coronary throm- 
bosis An analysis of 287 cases. Am, Heart J., 5: 
705-719. 

1930 Dublin, L. I.; Tlie influence of weight on 
certain causes of death, ifiinian Biology, 2'159- 
184. 

1930 Hebapatii, C. E. K., and Ferry, C. B.: The 
coronary arteries in a case of familial liability to 
sudden death, Brit. .M. J. 685-687. 

1930 Leary, T., and Weahn, J. T.: Tv^o cases of 
complete occlusion of botJi coronary onficcs, Am. 
Heart J.. 5:412-423. 

1930 Martland, H. S.: Syphilis of the aorta and 
heart. Am. Heart /., 6;J-29. 

1930 Sapuir, O., ANT) Scott, R. W.: Obscrsations 
on 107 cases of syphilitic aortic iiisufnocncy, witli 
special reference to tlie aortic vahe area, the 
myocardium, and branches of the aorta, Awi. Heart 
J.. 6:50-58. 


1931 Eiisich, W., de la Chapelle, C , and Cqiin, 
A. E.: Anatomical ontogeny. B. Man: I. A study 
of the coronary arteries. Am. J. Arujt., 49 241-282. 

1931 Leahy, T.: The therapeutic value of alcohol 
with special consideration of the relations of al- 
cohol to cholesterol, and thus to diabetes, to 
arteriosclerosis and to gall stones. New England 
J. Med., 205:231-242. 

1931 Lr/TEN, D : Contributory factors in coronary 
occlusion. Am. Heart J , 7-36-44. 

1931 Morttz, a R.; Syphilitic coronary arlentis. 
Arch. Path , 11-44-59, 

1931 Rabinowitz, M. A., Shookhoff, C, and 
Douglas, A H.. The red cell sedimentation time 
in coronary occlusion. Am. Heart J , 7-52-65 

1931 Sutton, D, C, and Davts, M. D,; Effects of 
exercise on experimental cardiac infarction, Arch. 
Jnt. Med, 48 1118-1123. 

1931 Weabn, j. T.. The relationship of the The- 
besian circulation to coronary occlusion. Am 
Heart J, 7.119-120. 

1931 White, P. D., a.vd Bland, E. F.; A further 
report on the prognosis of angina pcctons and of 
coronary thrombosis. A study of 500 cases of the 
former condition and of 200 cases of die latter, 
Am. Heart 7.1-14. 

1932 Barnes, A. R., and Ball, R. G.: The inci- 
dence and situation of myocardial infarction in 
one thousand postmortem examinations, Am. J. M. 
Sc, 183:215-225. 

1932 Coombs, C. F : Prognosis in coronary throm- 
bosis, Dnstol Med. Chir. J., 49;277-284. 

1932 Fishderg, A. M : Some cardinal respiratory 
syndromes. Am. Heart J, 7:279-291. 

1932 Hudso.n, C. L., Moiutz, A. R., and Weahn, 
J. T.: The extiacardiac anastomoses of the coro- 
nary arteries, / Exper. Med., 56 919-925. 

1932 Natiianson, M, H.: Coronary disease in 100 
autopsicd diabebcs. Am. J. M. Sc., 183.493-502. 

1932 Rake, G, ant) McEaciiern. D.: A study of 
Uie heart in hypertJiyioidiyn, Am. Heart J„ 8: 
19-23. 

1932 Rintelen, F.: Zur Kenntnis des myomalazi- 
sclien Septiimdefektes und zur Spontanniptur dcs 
Herzens, Ztschr. f. KrcUlaufforsch., 24.373-389. 

1932 Weller, C. V., Wanstom, R. C., Gordon, 1L, 
ANT) Bucher, J. C.i Cardiiic liislopatiioJogy in 
thyroid disease. Preliminary report. Am. Heart 
/., 8.8-18. 

1933 Anitsciikow', >?.; Experimental arterioscle- 
rosis in animals. In Cowdry, E. V.: Arterioscle- 
rosis. A Sutveij of the Problem. New York, Mac- 
millan, 617 pp., J), 304. 

1933 AsaioFF, L.: Inlioductjon. In Cowdry, E. V.: 
ArfcrioscftTosis. A Siircri/ of the Problem. Ntw 
York, MuenuUan, (a) p. 4, (b) p. 15. 

1933 Benson, R. L., Hunter, W. C., and Mas- 
LcnE, C. II.: Spontaneous rupture of the heart. 
Report of 40 cases in Portland, Oregon, Am. J. 
Path , 9:295-327. 



624 


PATHOLOGY OF THE HEART 


1933 Kahsner, H. T.: Coronary arteriosclerosis. 
In Cowdry, E. V.: Arteriosclerosis. A Sun,ey of 
the Problem. New York, Macmillan, p. 437, 

1933 Opiiin-s, W.: Tire Pathogenesis of Arterioscle- 
rosis. In Cowdry, E. V.: Arteriosclerosis. A Sur- 
vey of the Problem. New York, Macnnllan, (a) 
p. 250, (b) p. 252 

1933 Weiss, S , and Min'ot, G R • Nutrition in 
relation to arteriosclerosis. In Cowdry, E. V.: 
Arteriosclerosis. A Siircei/ of the Problem. New 
York, Macmillan, (a) p. 238, (b) p. 240. 

1933 Wells, H. G.: The Chemistry of Arterioscle- 
rosis. In Cowdiy, E. V.: Arteriosclerosis. A Sur- 
vey of the Problem. New York, Macmillan, p 34S 

1933 WiLucs, F. A., Ssimi, H. L, and Spracue, 
P. H.: A study of coronary and aorbe sclerosis: 
Incidence and degree in 5060 consecutixe post- 
mortem examinations, Proc. Staff Meet , Mayo 
Chn, 8;140-144. 

1934 BnuENN, H G : Syphilitic disease of the coro- 
nary arteries, Am Heart ] , 9.421-436. 

1934 Clowe, G. M., Kellert, E., and Goiuiam, 
L. W.: Rupture of the right auricle of the heart. 
Case report witlr electrocardiographic and post- 
mortem findings. Am. Heart }., 9.324-332. 

1934 Grayzel, D. M , and Te-nnant, R.. Con- 
gciutal atresia of the tncuspid onfice and anoma- 
lous origins of tile coronary arteries from the pul- 
monary artery, Am. J. Path , 10.791-793. 

1934 Gnoss, L , Epstein, E. Z , and Kucel, M. A.: 
Histology of the coronary artenes and their 
branches in the human heart, Am J. Path , 10. 
253-273. 

1934 Hamman, L.' Sudden death. Bull Johns 
Hopkins Hasp., 35.387^15. 

1934 Kausner, H. T., and Dai less, F : Coronary 
arteries in rheumatic feser, Am. Heart J , 9 537- 
585. 

1934 Kowalcz^kowa, Janina. Todliche Herz- 
bcutclblutung infolgc Ruptur ernes Kranzschlag- 
aderzwcigcs, VirchoiLs Arch. f. path. Anat., 293 
464-471. 

1934 Leahy, T.; Experimental atherosclerosis m the 
rabbit compared willi human (coronary) athero- 
sclerosis, Arch. Path., I7;453-492 (p 458). 

1934 Le\'y, R. L., BRUE.NN, H. G., and Kurtz, 
D.: Facts on disease of the coronary arteries, 
based on a suncy of the clinical and palbolo^c 
records of 762 cases, Am. ]. M. Sc , 187:376-390. 

1935 Ellis, R. W. D.: Infarcts and aneur>sm of 
heart in an infant of nine months. Specimen, 
Proc. Roy. Soc. Med, 2S;1333-1334. 

1935 Hedley, O. F.: A study of 450 fatal cases of 
heart disease occumng in Washington (D.C.) 
hospitals during 1932, with special reference to 
etiology, race, and sex, 17. S. Pub. Health Rep., 
50.-1127-1153. 

1935 Sapiiir, O., Priest, W. S , IIamburclr, W. 
W., A.SD Katz, L. N.: Coronary atherosclerosis, 
coronary thrombosis, and the resulting m)ocanlia1 
chanecs. Am. Heart ].. JO.567-595. 762-792. 


1933 Steve-nson, R. R., and Turner, \V. J.: Rup- 
ture of a papillary muscle in the heart as a cause 
of sudden deatli. Bull. Johns Hopkins Hasp., 57: 
233-242. 

1936 Averhuck, S. U.: Heart failure in h)perten- 
sion. Am. Heart J., IJ;99-110. 

1936 Bruenn, II. G., Turner, K. D., and Levy, 
R. L.: Notes on cardiac pain and coronary dis- 
ease. Correlation of observations made during life 
with structural changes found at autopsy in 476 
cases. Am. Heart J., JJ;34-40. 

1936 Eberhard, T. P.: The effect of alcohol on 
cholesterol-induced atherosclerosis in rabbits, 
Arch. Path , 21.616-622. 

1936 Gle-vdy, R. E., and WitrrE, P. D.: Nonpene- 
trating wound of heart. Rupture of papillary 
muscle and contusion of heart resulting from ex- 
ternal \iolcnce: case report. Am. Heart J., 11; 
366-369. 

1936 CooDnicii, B E., and Smith, F. J.i The non- 
filament Icucoo le count after coronary artery oc- 
clusion. Am. Heart J , il;581-591. 

1936 Could, S. E., Price, A. E., ant} Cinsherc, 
H. I.: Gangrene and death following ergotamine 
tartrate (Gj-nergen) therapy, J.A.MA., I0fl;1631- 
1635. 

1936 Gross, H., and Ofpeniieimer, B. S.: The sig- 
nificaoce of rlieumatic fever in tlie etiology of 
coroDory artery disease and thrombosis, Am. Heart 
J , 11.648-666. 

1936 Cross, H , and SanvARTZ, S. P.: A case of 
acquired interventricular septal defect assoaated 
with long-standing congestive heart failure, Am. 
Heart J. 11.626-630. 

1936 Leary, T.: Atherosclerosis. Special considera- 
tions of aortic ICsions, Arch. Path., 2I;419-458. 

1936 Leva, H., and Boas, E. P.: Coronary artery’ 
disease in women, /.A..M.A., 207.97-102. 

1930 Levy, R. L., and Bruenn, H. G.: Acute, fatal 
coronary insufficiency, J.A.M.A., 206.T080-10S5. 

1936 Paterson, J. C.: Vascularization and hemor- 
rhage of intima of arteriosclerotic coronary ar- 
tencs. Arch. Path . 22.313-324. 

1936 Saphir, O.: Thromboangiitis obliterans of the 
coronary arteries and its relation to artenosclcrosis. 
Am. Heart J , J2.521-535. 

1936 Thompson, W. P., and Levine, S. A.: Pulsus 
altemans. A note on certain factors influencing 
prognosis, Am. Heart J., JJ.T33-139. 

1936 Von Glahn, W. C.: The pathology of die 
coronary arteries. In Levy, R. L.: Diseases of 
the Coronary Artenes and Cardiac Pain. New 
York, Macmillan, Chap. IV, p. 130, 445 pp. 

1936 WiccEBS, C. J.: The physiology of the coro- 
nary cirailation. In Levy, R. L.i Diseases of the 
Coronanj Artenes and Cardiac Pam. New York, 
Macmillan, p. 93. 

1936-37 RAMsmr, E. M.: Studies in pathology of 
vascular disease; nutrition of blood vessel wall. 
Review of htcraturc, Yn/e /. Biol. & Med., 9;14- 
36. 



ATHEROSCLEROSIS 


625 


1937 Bean, W. B.: Infarction of the heart. A 
morphological and clinical appraisal of three hun- 
died cases. Part I. Predisposing and precipitating 
conditions. Am. Heart 1-^.684-702. 

1937 Blu.mer, G.; The importance of embolism 
as a complication of cardiac infarction, Ann. Int 
Med, JI. 499-504. 

1937 Davis, D , and Bluwgart, H. L.: Cardiac 
hypertrophy: its relation to coronary arlenoscle- 
rosis and congestive heart failure, Ann. fnl Med, 
II 1024-1038. 

1937 Kenned V, J. A : The incidence of mjocaidial 
infarction witliout pain in 200 autopsicd cases. 
Am. Heart ]., 14.703-709 

1937 Limbqubg. Marianna; Uber den Ursprung 
der Kranzartenen des Herzens aus der Artena 
pulmonalis, Bcifr. s. path. Anat. u z. offg. Path , 
lOQ 191-194 

1937 Master, A. M , Dack, S., and Jaffe, H L .- 
Coronary thrombosis: an investigation of heart 
failure and other factors in its course and prog- 
nosis, Am Heart J, 13 330-361 

1937 McNamara, W. L., Ducey, E. F . and Baker, 
L A : Cardiac rupture associated with metastases 
to the heart from carcinoma of the duodenum, 
Am Heart J. J3;108-113 

1937 NonMAN, I. L, and Ai-een, E. V.: The vas- 
cular complications of polycythemia, Am. Heart 
J. 13-257-274 

1937 Paine, W C.. and Hardy, H. H.: Traumatic 
rupture of the papillary muscles of the mitral 
valves, New Orleans M ir S. /., 89.373-375 

1937 Hiseaian, J. E. F, and Brown, M. G: An 
anal>sis of the diagnostic criteria of angina pec- 
tons. A critical study of 100 proved cases, Am. 
Heart }, 14 331-351. 

1937 Smith, H. L., and Hinshaw, H. C.: Acute 
coronaiy thrombosis and myocardial infarction 
affecting a patient 31 years of age. Am. Heart J., 
13.741-742. 

1937 Snellen, H. A., and Nauta, J. H.: Zur 
Roiitgendiagnostik der Koronarverkalknngcn, Port- 
schr. a d. Ceb. d, Hontgenstrahlen, 56.277-286. 

1937 WiNTERNiTZ, M. C., Thomas, R, M., and Le- 
CoMPTE, P. M.; Studies in the pathology of vas- 
cular disease. Am. Heart J , 14.399-404. 

1938 Bahr, E.: Die AlherosUcrosc der Herz- 
l.ranzgcfa.sse in ihrcr Beziehiing zu Alter, Krank- 
heit und Konstitutioii, Arch. f. Kretslaufforsch , 3: 
93-121. 

1938 Baker, T. W., a.nd Willius, F. A.; Coronary 
thrombosis among women. Am. J. M. Sc., 196. 
813-818. 

1938 Ball, D.: Aneurysm of the heart, the climcal 
recognition of aneurysm of the left \cnCiiclc, Am. 
Heart], 18 203-218. 

1938 Biian, W. B.: Infarction of the heart. Ill- 
Clinical course and iiiorpliological findings, Ann. 
Ini. .Med., 12.-71-94. 


1938 Bean, W. B., and Mills, C. A.: Coronary 
occlusion, heart failure and environmental temper- 
atures, Am. Heart ]., 16.701-713. 

1938 Beck, H. G.: Mcdico-lcgal aspect of carbon 
monoxide poisoning. AVith special reference to its 
effect upon the heart. Am. / M. Jiirisp , J •177-181. 

1938 Blum, L , Sciiauer, G., and Calef, B : 
Gradual occlusion of a coronary artery. An cx- 
penmental study, Am Heart J, 16.159-164. 

1938 Crawford, J. fl., and Warren, C F.: Coro- 
nary thrombosis in a case of congenital doxtro- 
cardia witli situs inversus. Am. Heart ]., 25-240- 
242. 

1938 Feil, H., Cushing, E. H., and Hardesty, J 
T.. Accuracy in diagnosis and localization of 
myocardial infarction, Am. Heart ]., 15 721-738 

1938 Gorham, L. W., and Martin, S. J.. Coronary 
occlusion with and ivifliout pain. Analysis of one 
hundred cases in winch autopsy was done, with 
reference to the tension factor in cardiac pain, 
Arch Int. Med, 62 821-839. 

1938 Crecc, D E., and Mautz, F R. Dynamics 
of collateral circulation following chronic occlu- 
sion of coronary arteries, Am /. Phrysiol, 223.84. 

1938 Hadorn, W.i Ober kombinicite Throinbo- 
Embohe der Koronaraitenen, Ztschr f Kreishuf- 
foTSch.. 30 563-569. 

1938 Kaflan, B. I., Clark, E., and oe la Cha- 
PELLE, C. E : A study of myocardial hypertrophy 
of uncertain etiology associated with congestive 
heart failure. Am. Heart } , 25 582-596. 

1938 Krumdiiaak, E. B, and Eiinicii. W. E.. 
Varieties of single coronary artery in man, occur- 
ring as isolated cardiac anomalies, Am. J. M. Sc., 
196.407-413. 

1938 Leary, T.; Vascularization of atherosclerotic 
lesions. Am. Heart ] , 16.549-554. 

1938 Master, A. M., Dack, S., and Jaffe, H. L,: 
Bundle branch and intraventricular block in acute 
coronary artery occlusion. Am. Heart /., 16:283- 
308. 

1938 pAJuaNsav, }., Bedford, D. E., and Tjio.mson, 
W. A. R.: Cardiac aneurysm, Quart. J. Med., 7; 
435-478. 

1938 Paterson, J. C.i Capillary rupture with in- 
timal hcniorrliage as a causative factor in coro- 
nary thrombosis, Arch. Pelh , 25.- 174-487. 

1938 SciiLESiNCER, M. J.: An injection plus dis- 
section study of coronary artery occlusions and 
anastomoses. Am. Heart 15 528-568. 

1938 Smith, C. J.: Angina pectoris and myocardial 
infarotioii as complications of myxedema witli 
especial reference to the danger of treatment with 
thyroid prcparation.s. Am. Heart 15.652-660. 

1938 Stewart, C. F., and Tuineh, K. D.: A note 
on pcncardial imoivcincnl in coron.iry throinTjoris, 
A«f. Heart ], 15.232-234. 

1938 Warren, S.: The Valbologij of Dwheics MeU 
h/us. cd. 2. Philadelphia, Lea and Fibigcr, 210 
pp. 



626 


PATHOLOGY OF THE HEART 


193S Wartman", W. B.: Occlusion of Uie coro* 
naiy arteries by heinonhago into Uicir walls. Am. 
Heart ] , 15.-459-170. 

1938 WiNTEH.siTZ. M. C., Thomas, 11. M., and 
LeCompte, P. M.; The Bio/ogy of Arterioiclcro- 
SIS. Springfiolil, in., Thomas, 139 pp 

1938 Y.ater, W. \(. PalhoRcnesis of bundle branch 
block: TeMC\v of literature, report of sixUtn cases 
with necropsy and of six casts with dclailctl bjs- 
tologic study of tlie conduction s> stein. Arch. Int 
Med., 63.1-96. 

1939 Blumgaivt. U L • Discussion iif paptr by 
Blumgart, II. L , Schlc<ingcr, M J . and Davis. 
D.: A study of marked coronary arlt nosclerovis m 
patients willi and without angina jiectons and re- 
lated conditioru. Am. Heart J , 18 600-602. 

1939 Blchner, F.: Die Koronanmuffizieuz. Dres- 
den and Leipzig, Stcinkopff, 84 pp. 

1939 Coiiv, A. E.: Cardiov.ascuIar system and 
blood. In Cowdry, E. V.: ProhUvis of Ageing. 
Baltimore, Williams & Wilktnv, pp 120-1-48, 758 
PP 

1939 Gohdon, W. H , Dlano. E. F.. a.m> \N’iiiTr, 
P. D. Coronary artery disease analyzed post- 
mortem, Am Heart J , 

1939 Gross, H , a\o Stuivdfuc, W II • Myocar- 
dial infarction without significant le<ions of coro- 
nary arteries, Arch Int Med . 6-i 2-49-267. 

1939 Heulei, O L Five years’ experience ( 1933- 
37) with mortality from aoite coronary octlusion 
In Philadelphia, Ann Int Mrd , 13 598-611 

1939 Lowe, T E The significance of myocardial 
scars in the human heart, } Path i? Beet . -49 
195-203 

1939 Maixori, C. K, White, P. D, ovd Sal- 
cedo-Salcvr, j . The speed of healing of myo- 
cardial infarction A study of the patlwlogic anat- 
omy in 72 eases, Am Heart J , 18 647-671 

1939 Master, A .M , Dacx, S , a.mj Jaefe, H. L 
(a) AcriviUcs associated witli the onset of acute 
coronary artery ocTliision, Am Heart J., 18 434- 
443, (b) Age, sex and hypertension in myocardial 
infarction due to coronary occlusion. Arch. Int. 
Med., 64 767-786. 

1939 Master, A M , Jaffe, H L., am> Dace, S.: 
(c) The prevalence of coronary artery occlimon. 
New York State J. Med., 39.1937-1940. 

1939 Mut-eb, H. IL. The occurrence of coronary 
artery thrombosis in polycy themia v era. Am. J. M. 
Sc., 19S.323-3Z9. 

1939 Paterson, J. C.: Relation of physical exer- 
tion and emotion to precipitation of coronary 
thrombi, /.A..M.A , IJ2.895-S97. 

1940 Blumgart, H. L., Schlesincer, M. J , and 
Davis, D.: Studies on the relation of the chnical 
manifestations of angina pectoris, coronary throm- 
bosis, and myocardial infarction, with particular 
reference to tlie significance of the collateral cir- 
culation, Am. Heart J., J9;l-91. 


1940 Bpovv.v, C. E., and Evans, W. D.: Pninary, 
massive calcification of Uic niyrxiardlum. Am. 
Heart J.. 19.106-113. 

1940 Davis, D., and Klainer, M. J.: Studies in 
hypertensive heart disease. IV. Factors in die 
production of cungesUve failure. Am. Heart /., 20. 
98-103. 

1910 Diiakf., E. H.: Long survival following coro- 
nary throinbovis. Am. Heart J., 20.631-636. 

1940 Evcusii, J. P.. WiLuus, F. and Berkvclv, 
J.: Tob.icco and coronary disc.isc, }u\.M.j\, 115: 
1327-1329. 

1010 Fisiiuuic, A. M.: Heart Failure. Philudi Iphia, 
Lea & Fcbigtr, 788 pp., p. 432. 

1910 Patersov, j. C.: Capillary rupture with in- 
tinut heinorrhagc in the caiLsatioii of ccrihral 
vasciiUr Icsioriv, Arch. Path., 29.345-3.34. 

1910 Pi.Etiv, T M., AND Lvncsam, S. M.: A study 
of cardiovoscul.ir disease in Charleston, S.C.. 
basAxl upon necropsy statistics. Am. Heart J., 10: 
421-433. 

1910 ScjiuaiscER, .\I. J,: Relation of anatomic 
pattern to pathologic conditions of the coronary 
artrncs, Arr/i. Path , 30.403-413. 

19-11 .\s>.c>. J M.: Tlie syndrome of painful dis- 
ability of the sliouldcr and Iiand complicating 
coronary occlusion, Am. Heart }., 22:1-12. 

1941 DLUMCAnT, II, L, Giujcav, D. R., and 
S ciiLESLSCDi, M. J.: ExpcnmmUl studies on (he 
effect of temporary occlusion of coronary arteries. 
II. Tlie ptcxluclvon of myocardial infartlSon, Atti. 
Heart J.. 22.-374-3S9. 

1941 Bluvicaht, H. L, ScJH.Lsi.scui, .M. J.. a.so 
Z oLU P. M.: (a) .Angina pectoris, coronary fail- 
ure .and acute m}Oc.irdial infarction. Tlie role of 
coronary occlu-sions and collateral circulation. 
J.A Mu\, 116.01-07-, (b) .Multiple fresh coronary 
occlusions in ]utienl5 with antecedent shock. Arch. 
Hit. Med.. 68:181-198. 

1941 Bkovvn, C. E., ASTI RiaiTEn. I. M.r Medial 
coronary sclerosis in infancy, i\rch. Path., 31:440- 
457. 

1941 Cmrrs, II. D.: .Aneurysm of Uie sinus of 
Valsalva causing coronary occlusion. Arch. Path., 
31.627-630. 

1941 CuAWSo.v, B. J.: Incidence of types of heart 
disease among 30,265 autopsies, widi special refer- 
ence to age and sex. Am. Heart }., 22.607-624. 

1941 DocE, M'.: Tlie capaaty of the coronary bed 
in cardiac hypertrophy, J. Eiper. Med., 74.177- 
186. 

1941 Feii^ H., anti Beck, C. S.: Coronary sclerosis 
and angina pectons, /. Thoracic Surg., iO.529-540. 

1941 FuLTOV, M. X.: Aneurysm of the ventncle of 
the heart. JA..M.A., 216:115-122. 

1941 Garvin, C. F.s .Mural thrombi in the heart. 
Am. Heart ]., 21:713-720. 

1941 Hochrein, M.: Der Myokardinfarlt. Dres- 
den and Leipzig, SfeinkopIT, 278 pp. 



ATHEROSCLEROSIS 


627 


1941 Leary, T.. The genesis of atherosclerosis. 
Arch. Path., 32:507.555. 

1941 Master, A M., Gudneh, R, Dace, S, and 
Jaffe, H. L.. Differentiabon of acute coronary 
insufficiency with myocardial infarction from coni' 
nary occlusion. Arch. Jnt. Med., 67.647-657. 

1941 Ravdin, I. S , AND Wood, F C.: The success- 
ful removal of a saddle thrombus of tlie aorta, 
eleien days after acute coronary ocduston, Ann 
Surg, J14.834-839. 

1941 Wearn, J. T.: Observations on the morphol- 
ogy and functions of some of the components of 
the coronary circuit. Bull. Johns llopktns Hasp., 
68-353-362 

1942 Bean, W. B., and Read, C. T.: Central ner- 
vous sj’stein manifestations in acute myocardial in- 
farction, Am. Heart 23.362-376 

1942 Blumgabt, H. L., Gilligan, D. R., 2oll, 
P M., Freedbekc, a. S., akd ScHLEsrNCER, M. J 
Studies on experimentally produced intercoronary 
collateral circulation, Tr. A. Am. P/ii/iicuinr, 57. 
152-156. 

1942 Boas, E. P.: Some immediate causes of car- 
diac infarction, Am. Heart ] , 23 1-15 

1942 Burch, G. E., and Winsor, T : Syphilitic 
coronary stenosis, with myocardial infarction. Am. 
Heart J.. 24.-740'751. 

1943 CosHiNO, E. H., Feil, H. S., Stanton, E J , 
AND IVAiiTifAN, M B.i Infarction of the cardiac 
auricles (atna): chnlcal, pathological, and experi- 
mental studies, Brif. Heart J, 4.-17'34. 

1942 Edmondson, M. A , and Koxie, H. J . Hyper- 
tension and cardiac rupture. A chnlcal and patho- 
logic study of seventy-two cases, in thirteen of 
which rupture of the interventricular septum oc- 
curred, Am. Heart J., 24;719-733. 

1942 Huepeb, W. C.: Macromolecular substances 
as pathogenic agents. Arch. Path., 33;267-290. 

1942 Manning, G. W.: Coronary disease in the 
ape. Am. Heart J., 23.719-724. 

1942 Robd, j. S , AND Rodd, R. C.: Tlie normal 
heart. Anatomy and physiology of the structural 
units. Am. Heart J., 23.455-467. 

1942 SiuLLiTo, F. IL, C 11 AMDEIU.AIN, F. L., and 
Levy, R. L : Cardiac infarction: The incidence 
and correlation of various signs, with remarls on 
prognosis, J.A.M.A., JJ8;779-781. 

1942 Wood, F. C., and Livezey, M. M.- Five-year 
survival after perforation of inters entnciilar sep- 
tum caused by coronary occlusion: liistologic 
study of Udneys after 350 injections of mercurial 
diuretics, Am. Heart /., 24.S07-SI5. 

1943 Baxley, R. II., and Monte, L. A.: Acute, 
local, vcnlneular iscbomia, or impending infarc- 
tion, caused by dissecting aneurysm. Case report 

- willi necropsy. Am. Heart J., 25.262-270. 

1943 Gladden, J. R.: Myoc.-irdi.-il abscess with per- 
foration of the heart following staphylococcal 
pyemia, Am. J. Surg., 60.277-285. 


1943 Hihsch, E. F., and Weiniiouse, S.: The role 
of die hpids in atlierosclerosis, Physiol. Rev., 23. 
185-202. 

1943 Johnson, A. C : Disabling changes in the 
hands resembling sclerodactyha following myo- 
cardial iniarclion, Ann. lut. Med, 29.433-456 

1943 {Cehl, K. C . Dupuytren’s contracture as a 
sequel to coronary artery disease and myocardial 
Infarction, Ann. Int Med., 19 213-223 

1943 Master, A. M., Jaffe, H. L , Dack, S., and 
Silver, N. The course of the blood pressure 
before, dunng and after coronary occlusion, Am. 
Heart / , 26 92-107. 

1943 Price, R. K., and Janes, L. R : A case of 
subendocardial infarction, Brit. Heart ] , 5;134- 
138. 

1943 White, P. D, Bland, E. F, and Miskall, 
E. W : The prognosis of angina pectoris. A long 
time follow-up of 497 cases, including a note on 
75 additional cases of angina pectoris decubitus, 
JAMA., 123;801-804. 

1944 Crosfield, P.. Coronary thrombosis in an 
Ayrslure bull, Vet Rec., London. 56;11. 

1944 FiULVctr, A. J., and Docs, W . Fatal coronary 
arteriosclerosis m young soldiers, J.A M.A., 124 
1233-1237. 

1944 CiLYARD, R. T.: Coronary occlusion in a race 
horse. Bull U. S, Army M. Dept , No. 77;87-88. 

1944 Jetter, W. W., and White, P. D : Rupture 
of the heart in patients in mental institutions, Ann. 
Int. Med, 21.783-802. 

1944 JoKL, E., AND Gbeenstein, j. B.: Fatal coro- 
nary sclerosis m a boy of ten years, Loncct, 247. 
659. 

1944 Meesse.s, H.: Ueber den plotzlicLcn Jlcrzlod 
bci FruiisUerose und Frulilhrombosc der Koro- 
narartenen bci Mannern untcr 45 Yahren, Ztschr. 
f. Krciilaufjorsch., 36.T85-20L 

1945 Detslh, W. F.: Cardiac aneurysm with spon- 
taneous rupture. Report of two cases, Am. Heart 
/.. 30.567-572. 

1945 Dock, W.. Presbycardia, or aging of llic myo- 
cardium, Nciu York State J. Med., 45.983-986. 

1945 Fisher, R. L,: Cardiac aneurysm with rup- 
ture, Aim Heart J., 30.133-140. 

1945 Froment, R , Guinet, P , Vignon, G., ano 
Martin-Noel: Angor coronaricn atheromateux, 
a debut precoce ct a evolution par.ilJelc chez deux 
jumcaux. Arch. d. inal. dti cocur, 38. 260-261. 

1945 lIuLVCKE, J. U.: Coronary arttnosclerosis and 
uiyocaidial infarction as stiidicxJ by an injection 
technic. Arch. Path., 39;268-273. 

1945 Katz, L. N., and Daudlr, D. V.; The patlio- 
gvncsis of atherosclerosis, /. AH. Sinai Hoij), 12: 
382-410. 

1943 Levine, S. A., and Hlndle, J. A.: Coronary- 
artery' disc.vsc among physicians, .Vcic Englaml }. 
MctL, 233.657-659. 



628 


PATHOLOGY OF THE HEART 


1945 Nay, R. M., and Barnes, A. R.: Incidence of 
embolic or llironibotic processes (lunng llic im- 
mediate convalescence from acute in>ocar(lial in- 
farction, Am. Heart / , 30.63-76. 

1945 Radner, S.; An attempt at titc roentgeno- 
logic \isiialization of coronary blood \cssels in 
man, Acta radial., 26.497-302. 

1945 Von Geahn, W. C.: The pathology of the 
coronary artenes. In Levy, R. L.: Diseases of 
the Coronary Arteries and Cardiac Pain. New 
York, Macmillan, Chap. IV., pp. 129-146, 445 pp. 

1946 Chambers, W. N.: Acute inj-ocardial infarc- 
tion. A study of 100 consecutii e years. New Eng- 
land J. Med.. 235 347-352. 

1946 Dock, W : The predilection of atheroscle- 
rosis for the coronary arteries, / A M.A., 131 875- 
878. 

1946 Ducum, J. B . Tiirombosis as a factor in the 
patliogenesis of coronary atherosclerosis, /. Path 
6 Bact, 58.-207-212. 

1946 Fitzcerau}, B A., anti Yatzr, W. M.: M)©- 
cardial infarction in Negroes, M. Ann. District 
Columbia, 15:154-159, 198. 

1946 Monm, A. R., and Zamcueck, N.: Sudden 
and unexpected deaths of young soldiers. Diseases 
responsible for such deaths during World War 
II, Arch. Path.. 42.4S9-194. 

1946 Munck, W ■ The pathological anatomy of 
sudden heart death, Acta path, ct microbioL 
Scandinao, 23.107-139 

1946 Parker, R. L., Dry, T. J , Wiluus. F. A., and 
Gage, R. P.: Life expectancy In angina peclons, 
JA.MA. 131.95-100. 

1946 Penneh, S. L., and Pcters, M.: Longevity 
with ventricular aneurysm, report of a case with 
a survival period of 15 years, New England J 
Med, 234:523-526. 

1946 PiHANi, C. L, and Schlichter, J. G.: Sub- 
endocardial myocardial infarct, Ann. Int. Med., 
25 847-851. 

1946 Ravin, A., and Geever, E. F : Coronary ar- 
teriosclerosis, coronary anastomoses and myocar- 
dial infarction. Arch. Int Med., 7S;125-138. 

1946 Stbvxeb, W. A : (a) Coronary occlusive dis- 
ease in infants and children. Am. J. Dis. Child., 
72;280-300: (b) Arterial calafication in infancy 
witli special reference to the coronary arteries. 
Am. J. Path., 22:1007-1031. 

1946 York, J. S., and Bell, J. W.: Fatal coronary 
failure without infarction: report of a case. Am. 
Heart J.. 31:780-784. 

1947 Aelen, E. V., IliNEs, E. A., Jn , Kvaee, W. F., 
ANT> Barker, N. W.: The use of Dicumarol as an 
anticoagulant: experience in 2307 cases, Ann. Int. 
Med., 27.371-381. 

1947 Carroll, D., and Cummins, S. D.: Double 
rupture of the heart following myocardial infaic- 
bon. Report of a case. Am. Heart J., 34.894-898. 


1947 Chambers, W. N.: Blood pressure studies in 
100 cases of coronary occlusion with myocardial 
infarction. Am. ]. M. Sc., 213.40-15. 

1947 Fancman, U. j., anu Hellvvic, C. A.; His- 
tology of coronary urtcncs in newborn infants, 
Am. J. Path., 23:901-902. 

1947 llELLLilSTElN, H. K., ANU .Mahtjn, J. W.: 
Incidence of thromboembolic lesions accompany- 
ing myocardial infarction, Am. Heart 33;443- 
432. 

1947 Hiusai, E. F., and Orme, }. F.: Sensory 
nerves of the human heart, Arch. Path., 4/.325- 
335. 

1947 Kvtz, L. N.: A survey of recent developments 
concerning the concepts of coronary disease and 
Its management, Ann. hit. Med., 27:705-722. 

1947 KAUNrns, P. E.; Origin of left coronary artery 
from pulmonary artery. Review of the litcrahire 
and report of two cases, Am. Heart J,, 33:182-206. 

1947 Kooermck, S. D.: Cumnu of Uie coronary 
aitcry, myocardial infarcbon and gumma of the 
heart, Arch. Path., 44;490-191. 

1947 Koenig, A., and Vovnc, E. W.: The stdi- 
mentation rate In myocardial infarctions, Pennsyl- 
vania M. 50.1060-1064. 

1947 Lowe, T. £.: An anatomical factor influenc- 
ing the prognosis of myocardial infarction, Proc. 
Ttoy. Australasian Coll. Phys, 2;73-78. 

1947 Master, A. M.i Incidence of acute coronary 
artery occlusion. A discussion of the factors re- 
sponsible for Its increase, Am, Heart 33.135- 
145. 

1947 Minkowski, W. L.: The coronary arteries of 
infants, Am. /. .M. Sc., 214.623-629. 

1947 Mitchell, N.i Arteriosclerotic aneurysm of 
the cardiac coronary arteries. Report of a c.isc. 
Aw. Heart J., 33;il2-120. 

1947 PRIN'ZMETAL, M., SlMKiN, B., BeRCSIA-V, H. 
C.. AND Kbucer, II. E.: Studies on die corcnaiy 
circulabon. II. The collater.vl circulabon of the 
normal human heart by coronary perfusion with 
radio-active erythrocytes and gla.ss spheres. Am. 
Heart /.. 33:420-442. 

1947 RAMCif, R. M., ANTI Rosenblatt, P.: Myo- 
cardial infarcbon in the newborn infant. Am. J. 
Pediat.. 31:266-273. 

1947 Rich, A. R., and Gregory, J. E.: Expen- 
mental anaphylacbc lesions of the coronary ar- 
tenes of the "sclerohc” type, commonly «'ksso- 
ciated witli rheumabc fever and disseminated 
lupus erythematosus. Bull. Johns Hopkins Hos])., 
81:312-324. 

1947 Roberts, J. T., ant> Loude, S. D : Congenital 
single coronary artery in man. Report of 9 hew 
cases, one having thrombosis with right venhic- 
ular and atnal (auricular) infarction. Am. Heart 
/, 34:188-208. 



ATHEROSCLEROSIS 


629 


1947 Stearns, S., Sciilesincer, Af. J., and Rudv, 
A.; Incidence and clinical signiScance of coronary 
artery disease in diabetes mellitus, Arch tnt. Med , 
80 463-474. 

1947 Undeudaiil, L. O., and Smith, H. L.: Coro- 
nary artery disease in women under tile age of 
forty, Proc. Meet , Mayo Clm., 22:479-482 

1947 Widens, S. L : (a) The relationship of chronic 
alcoholism to allierosclerosis, J.AM.A., J3S;1136- 
1139, (b) The resorption of arterial atheromatous 
deposits in wasting disease, Am. J. Path, 53.793* 
804. 

1948 Boas, E. P., Parets, A. D., and ADUsnsBEnc, 
D.: Hereditary disturbances of cholesterol me- 
tabohsm, a factor in die genesis of atherosclerosis, 
Am Heart J., 35.611-622 

1948 Bobst, j. B , AND Holixman, E. J. W . Myo- 
cardial infarction resulting from intravenous ad- 
mimstration of hypertomc solution of sodium 
chloride to patients with arteriosclerosis obliterans 
of the lower extremities, Acta mcd. Scandinao., 
130 26-36 

1948 Davison, S : Spontaneous rupture of a papil- 
lary muscle of the heart. A report of three cases 
and a review of the literature, /. Ml Sinai Hasp , 
14.941-953. 

1948 Ducuid, j. B.s Thrombosis as a factor In the 
pathogenesis of aortic atherosclerosis, J Path. 6 
Bact., eo-57-81, 

1948 Evans, L. R., and IV/ute, P D : Massive 
hypertrophy of the heart witli special reference to 
Bernheim’s syndrome, Am. /. M. Sc., 216.485-491. 

1948 Evans, W. F., and Graybiel, A.: Death fol- 
lowing coronary thrombosis in a young woman i9 
years ol ago. Case report with autopsy findings, 
Am, Heart J , 35.48S-489. 

1948 Fowler, N. O., Jr., and Failey, R. B., Jr.; 
Perforation of the infarcled interventricular sep- 
tum. Report of two cases, one diagnosed ante* 
mortem, Am. /. M. Sc, 215.534-541. 

1948 Fbeedbebc, A. S., Blumcart, H. L, Zoll, 
P. M., AND ScuLESiNGER, M J : Coronary failure. 
Tile clinical syndrome of cardiac pain intermediate 
between angina pectoris and acute myocardial 
infarction, J.A.M.A., J38.T07-114. 

1948 Grenvin, K. E : Some supplementary leads in 
clinical electrocardiography. Site of some patlio- 
Jogicai processes in tlie heart. Coronary heart 
disease, Acta mcd. Scandmao., Stipp. 209.-I03-107, 

1948 JoNssoN, G.: Visuahzadon of the coronary 
arteries. Preliminary report, Acta radial, 29.536- 
540. 

1948 Menten. M. L., and Fetterman, G. 1L: 
Coronary sclerosis in infancy, Am. }. CUn. Path , 
18.805-810. 

1943 Peel, A. A. F.: Dissecting aneurysm of the 
inten cntricul.ir septum causing obstruction of out- 
flow tract of right scnlriclc, secondary to coro- 
nary occlusion, Brit. Heart 10.239-243. 


1948 Plott, M.: Non-atheromatous lesions of the 
coronary arteries, Am. J. M. Sc., 215.91-102. 

1948 Prinzmetal, M., Bergman, H. C., Kruger, 
H. E , Schwartz, L. L., Simkin, B , and Sobin, 
S S : Studies on the coronary circulation of beat- 
ing liumim and dog hearts with coronary occlu- 
sion, Am. Heart J., 35.689-717. 

1948 Rabson, S M., and Helpern, M.. Sudden 
and unexpected natural death II. Coronary artery 
sclerosis. Am Heart J., 35 635-642. 

1948 Rasx£ussen, H , and Moe, T.: Pathogenesis 
of left bundle branch blocl, Brit. Heart J., JO: 
141-147. 

1948 Root, H. F : Diabetes and arteriosclerosis in 
youtli, Am. Heart J , 3S;S60*861. 

1948 Selzer, a.; The immediate sequelae of myo- 
cardial infarction. Their relation to the prognosis. 
Am. }. M. Sc, 216.172-178. 

1948 SiiiVEUioOD, E. K.. Myocardial infarction in 
3 twelve-year-old boy with diabetes. Am. Heart 
J., 35.655-661. 

1948 SooEBSTBOM, N.: Myocardial infarction and 
mural thrombosis in the atria of the heart, Acta 
mod. Scandinav , Supp. 217; 114 pp. 

1948 Wabtman, W . B., and Hellerstein, H. K.: 
The incidence of Jieart disease i» 2000 consecu- 
tive autopsies, Ann. Int. Med., 28 41-65. 

1948 Wbicht, I. S., Mabple, C. D., and Beck, 
D. F.: Report of the Committee for the Evalua- 
tion of Anticoagulants io the Treatment of Coro- 
nary Thrombosis with Myocardial Infarction, Am. 
Heart /., 36.801-815. 

1948 Yater, W. M , Traum. A. H.. Brown, W. G . 
Fitzcerald, R. P., Geisler, M. A., anti Wit.cox, 
B. B..- Coronary artery disease in men 18 to 39 
years of age. Report of 866 cases, 450 with ne- 
cropsy examinations. Am. Heart J., 36. (a) 334- 
372, (b) 481-526, (c) 683-722. 

1949 Bean, \V. B , Pi.AAr.xr, G. IV., and Sopadin, 
A.; Hemiplegia attending acute myocardial in- 
farction, Am. /. Alcd., 7;763-771, 

1949 Boas, E. P., and Boas, N. F.: Coronary Artery 
Disease. Chicago, Year Book Publishers, 309 pp. 

1949 Clawson, B. J., and Bell, E. T.: Incidence 
of fatal coronary disease in nondiabcUc and in 
rUabctic persons, Arch. Path , 48.105-106. 

1949 Dacx, S., .Master, A. M., Horn, H , Gnisn. 
MAN, A., .aSd Fillu, L. E.; Acute coronary in- 
sufficiency due to pulmonary embolism, Am. J. 
M«/., 7.-4&4-477. 

1949 Faber, M, and Lund, F.: Tlic liiimaii aorta. 
Infiucnco of obesity on flio <lc\clopmcnt ol ar- 
tcriosclcrosis in the human aorta, Arc/i. Path., 48: 
351-361. 

1919 Fisettone, a. j, and CtscniCKrtH, C. F.; 
Bono formadon in the }ie.irf, Am. }. Clin. PaiU., 
19,974-960 

1949 FmruBPBC, C. K.: Ducasis of the Heart. 
Philadrlplua, Saunders, 1081 pp. 



630 


PATHOLOGY OF THE HEART 


1949 IIaubison, C. V., A^D Wood, P.: Hjperteii- 
si\c and iscliemic heart disease: a comparativ'e 
clinical and pathological study, Brit. Heart 11: 
205-229. 

1949 Helper-S M.: Blunt force injunes of llie 
heart, Am. }. Path , 25.783-785. 

1949 Hichman, B., and Alti.ano. P. D.: Areli- 
matization response and palliologic changes in 
rats at an altitude of 25,000 feet, Arch. Path., 48 
503-515. 

1949 lIiNsiLAW, D. B., ANTJ Brown, A. F : Rupture 
of die coronary sinus following myocardial in- 
farction, Arch Pflt/i., 47;298-.300 

1949 Katz, L. N , Mills, G. Y., and Cisneros, F : 
Surs'ival after recent myocardial infarction. Arch 
Int Med . 84 303-320. 

1949 Landman, M. E., Antialt, IL S, and An- 
CRiST, A Asymptomatic myocardial infarcUon, 
Arch. Int Med . S3 665-676. 

1949 Le\y, H : Traumatic coronary dirombosis 
with myocardial mfarcbon, Arch hit. Med, 84 
261-276. 

1949 Mills, M D., Burciiell, If. B, Parker, R 
L, AND KiRLLiN, B. R.. Myocoidial infarction and 
sudden deaths following die administration of pi- 
tiessin: additional electrocardiographic study of 
100 patients given piUcssin for cholecystography, 
Proc. Meet , Maijo Clin , 24.234-258. 

1949 SiMKiN, B , Bercman, H. C., and Piu.sz- 
METAL, M.. Studies on coronary’ circulation V 
QuantitaUve changes m a scrum mucoproleln fol- 
lowing the occurrence of myocardial infarction. 
Am. J. Med . 6.734-744. 

1949 Sinclair, W., Jh , and Nrrscii, Emilia. Poly- 
arteritis nodosa of die coronary artoncs. Report 
of a case m an infant with rupture of an aneurysm 
and intrapencardial hemorrhage. Ant. Heart }., 
38.898-904. 

1949 Vital Statistics. Dcadi and death rales for 
each cause: Umtod States, 1945-47. Federal Sc- 
cunty Agency, Public Health Service, National 
Office of Vital Statistics, Washington, D.C , Vol. 
31, No. 3, May 9. 

1949 Wartman, W. B.: Bleeding into the artcnal 
intima, its relation to vascular disease, Proc. hut 
Med, Chicago, 17.346-355. 

1950 Ackebvlav, R. F., Dhv, T. J., and Edwards, 
J. E.: Rclationsliip of vanous factors to die de- 
gree of coronary adierosclerosis m women. Cir- 
culation, J. •1345-1354. 

1950 Atlas, D. H., Eisendebc, H. L., and Cabcr- 
NLAN', P.: Bemheun’s syndrome: Report of case. 
Circulation, l;753-758. 

1950 Blache, J. O., and Handler, F. P.: Coionaiyr 
artery disease, Arch. Path., 50:189-198. 

1950 BLUiiCART, H. L., ZoLL, M. P., ANT) Wessleb, 
S.: Angina pectoris; clinical pathologic study of 
177 cases, Tr. A. Am. Physicians, 63.262-267. 


1950 Brean', H. P., Marks, J. H., Sos-Man, M. c., 
AND ScHLESiNCLR, M. J.: Mossivc caltificalion in 
infarcted myocardium. Radiology, 54;33-43. 

1050 Dirnu, F. R.: Anomalies of coronary arteries. 
Report of two cases, witli comment on die dy- 
luuiics of development of die coronary circulation, 
Arch. Int. Med., SS.955-905. 

1950 Gertlui, M. Nf., Gar-n, S. .\1., and White, 
P. D.: Diet, scrum clioleslcrol and coronary ar- 
tery. Circufutio/i, 2.696-704. 

1950 Goiman, j. W., Jones, H. B., Llndcren, F. 
T., L\o.v, T. P., Elliott, H. A., anti Strisower, 
B . Blood hpids and human artcnosclerosis, Cir- 
culatwn, 2:161-178. 

1950 Cordon, A. J., Brahms, S. A., and Slss.man, 
M. L.. Visualization of the coronary circulation 
during angiocardiography, Am, Heart J., 39;114- 
124. 

1950 Cover, M., and Pennell, .M. Y.: Statistical 
studies of heart disease. VII. .Mortality from eight 
speciGc forms of heart disease among white per- 
sons, Puh. Health Rep., 65.819-838. 

1930 Harriso.v, T. R , and Resmck, \V. H.: In 
Harrison, T. R.; Principles of Internal Medicine. 
Phil.idelphja, BlaUston, p. 1290. 

1950 Howell, D. A., and Turnbull, G, C.i Hy- 
pertension and effort in cardiac rupture following 
acute myocardial infarction, Quart. Bull. North' 
western Gnfu. Med. School, 24:100-103. 

1930 Master, A. M., Dack, S., Horn, H., Freed- 
man, B. I., AND Field, L. E.: Anitc coronary in- 
sufficiency due to acute liemorThage: an analysis 
of one hundred and Uiree cases, Circuiott'on, 1: 
1302-1317. 

1950 ^!cCAt^■, F. H., Kllne, E. M., and Gilson, 
/ S.: A thmcjf study of 281 autopsy reports on 
patients widi myocardial infaaliun. Am. Ilvart 
39.263-272. 

1950 McManus, J. F, antj Lavvlor, J. J.: Myo- 
cardial infarction following die administration of 
tetanus antitoun. New England J. Mid, 242:17- 
19. 

1930 McN’ernev, j. j., a.vd Leeriiam, C. L ; Acute 
coronary insufficiency pattern followuig intrave- 
nous crgotaminc studies. Report of a case, Am. 
Heart J.. 59 629-632. 

1930 Mokiusov, L. M., and Go.vzalez, 4V. F.: Re- 
sults of treatment of coronary artenosclcrodv with 
clioline. Am. Heart J., 39:729-736. 

1930 Niciiol, E. S., and Bone, ]. F.; Long-term 
Oicumarol therapy to prevent rexurrent coronary 
artery duombosu, Circu/a//oii, 1.-I097-1104. 

1950 Pearl, F., Friedman, M.. Gray, N., and 
Friedman, B.; Coronary artenography in the in- 
tact dog, Circulation, 1:1182-1192. 

1950 PnsTEB, C. W., AND Plice. S. G.i Acute myo- 
cardial infarction dunag a prolonged allergic re- 
action to penicillin, Am. Heart J., 40.945-947. 



ATHEROSCLEROSIS 


631 


1950 Ricdon, R. H., and Wo-leford, G.: Sudden 
death dunng childhood with xanthoma tubero- 
sum. /A.M.A., J-i2;1268-1271. 

1950 Rosenman, R, H., Pick, A., and Katz, L. N . 
Intraventricular block, Arch. Int. Med., 86.T96- 
232. 

1950 Russek, H. L, and Zohman. B. L.: The syn- 
drome of Bemheim as a clinical entity. Circula- 
tion, J;759-763. 

1950 Sapiub, O., and Gore, I : Evidence for an 
inflammatory basis of coronary arteriosclerosis in 
tlie young, Arch Path., 49 418-426. 

1950 ScmLLiNG, F. J.: Anticoagulants in myocar- 
dial infarction, / A M.A., 143 785-789. 

1950 Smith, J. C. Rupture of a papillary muscle 
of the heart, report of two cases, Ctrcufalion, 1 
766-771. 

1950 Tedescui, C. G., Stevenson, T. D , Jr., and 
Lexenson, H M.' Abscess formation in myo- 
cardial infarction, New England J Med, 243 
1024-1027. 

1950 Turner, K. B , in collaboration with W C 
Von Glahn and L. C Collms: Cardiovascular 
syphilis. In: Nelson's New Loose-Leaf Medicine 
New York. Vol. 4, Chap. 25, p 545 D. 

1950 Wartman, \V. B.: Hemorrhage into the ar- 
terial wall ns a cause of peripheral vascular dis- 
ease, Am. Heart J., 39;79'87. 

1950 IVabtrian, IV. fl , anti Soudebs, J C • Lo- 
calization of myocardial infarcts with respect to 
tile muscle bundles of the heart, Arch Path , 50 
329-346. 

1950 White, N. K,, Edwards, J. E., and Dry, T J • 
The relationship of the degree of coronary athero- 
sclerosis with age, m men, Circulation, 1.645-654 

1950 Zi.NN, W. J., and Cosby, B- S : Myocardial 
infarction. I. Statistical study of 679 autopsy- 
proven eases. Am. J. Med , 8.169-176. 

1951 Abai, H S., Fordy, L , Ciiesky, K., and Mas- 
ter, A. M.: Fharmatological study of a case of 
tobacco angina, Exper. Med. Stirg, 9.248-258 

1951 Blumcart, H. L ; Coronary disease: Clinical- 
pathologic correlations and physiology. Bull. New 
York Acad. Med., 27.693-710. 

1951a Geiringer, E.' The mural coronary. Am. 
Heart J., 41-359-368. 

1951b Ceibincer, E.: Intimal rasciilarization and 
atherosclerosis, J. Path, if Bact., 63.201'211. 

1951 Helmshortk, J. A., .McGuire, J., Fllson, B., 
AND Scott, R. C.: Visualization of coronary 
arteries during life. Circulation, 5.282-2SS. 

1951 McKinley, H. I., Andrews, J., and Neill, 
C. A.: Left coronary artery from the pulmonary 
artery. Three cases, one with cardi.ic tamponade. 
Pediatrics, 8.828-840. 

1951 Miller, R. D., BunaiLLL, II. B., and Ed- 
wards, J. E.: Myocardial infarction willi and 
without acute coronary occlusion, A }»lliologic 
study, A MA. Arch. Int. Med., SS.597-60-1. 


1951 Miller, R. D., and Edwards. J. E.: Abscess 
formation in an acute myocardial infarct; report 
of case, Froc. Staff Meet., .Mayo Clin , 26;178-184. 

1951 Morris, J. N.: Recent liistory of coronary 
disease. Lancet, 260(l):l-7-, 69-73. 

1951 SctiEiNXLR, I. .M.: Medical Nettropalhohgtj. 
Spnogfield, 111 , Thomas, 372 pp. 

1951 SxiiTR, F. J., Keyes, J. W., antj Denham, 
R. M.: Myocardial infarction: a study of the 
acute phase in 920 patients, Am. J. M, Sc., 221; 
508-521 

1951 Swan, W. C. A, and Henderson, C. B.- 
Peripheral gangrene in myocardial infarction, Brit. 
Heart J.. 13 68-73 

1931 WiLENs, S. L . Tlie nature of diffuse inti- 
inal thickening of arlenes. Am J. Path , 27.825- 
839. 

1931 Yater, W M, Walsii, P P, Stapleton, 
J F., AND Clark, M. L : Comparison of clinical 
and pathologic aspects of coronary artery disease 
in rnen of vanous age groups A study of 950 
autopsicd cases from the Armed Forces Institute 
of Pathology, Ann. Int. Med., 34-352-392. 

1951a ZoLL, P. M., Wessler, S., Sculesincer, M. 
J, Freedberg, a. S., and Blumcart, H. L.: 
Interartcnal coronary anastomoses, .'/od. Concepts 
Cardtocas. Dis., 21:118-119. 

1931b ZoLL, P. M., Wessler, S., and Sculesincer, 
M. J ; Interarterial coronary anastomoses in the 
human heart, with particular reference to anemia 
and relative cardiac anoxia, Circulation, 4:797- 
815. 

1931c ZoLL, P. M , Wessler. S , and Blumcart, 
H. L.- Angina pectoris, a clinical and pathologic 
correlation, Am J. .Med., 11:331-357. 

1932 Adlerscerg, D, and Zak, F. G.: Coronary 
atherosclerosis in the young: ciinlc.il and patho- 
logic observations, ] Mt. Sinai Hasp, 19.289-302. 

1952 Anderson, M, W., Chiustensen, N. A , and 
Edwards, J. E.: Ifcmopcric.'u’duun complicating 
myocardial infarction in the absence of cardiac 
rupture. Report of three cases, A..M.A. Arch. Int. 
Med.. 00.634-643. 

1952 Benctssov, E., AND Pejine, J.- Acute cardiac 
infarction associated xvitli serum sickness. Cardi- 
ologic. 21:58-63. 

1932 Dolgopf, S., Schrek, R., Ballard, G. P., 
ANTI Baker, L. A.: Tobacco smoking as an clio- 
logic factor in disease, Angiohgt/, 3.323-331. 

1952 Dublin, L. I., and Marks, H. II.: Mortality 
among insured oserw eights in rwent years, Tr. A. 
Ufc limit. Af. Dir. America (1951), 35:233-261. 

1952 King, E. S. J.: The hactnoclynamics of sub- 
intimal hacmorrliage, Australasian ilnn. Med., 1: 
18-23. 

1952 Master, A. M., AM) Jafic, II. L.: Factors in 
tile onset of coronary occlusion and coronary ia- 
sulEcicncy; ifforl, occupation, trauma, .nud emo- 
tion. J.A M.A.. 148:794-798. 



632 


PATHOLOGY OF THE HEART 


1932 Moon, H. D., and Rineiiaiit, J. F.: Histo- 
genesis of coronary arteriosclerosis, CiVcufafKm, 6. 
481-188. 

1952 Oblath, R W., Lemnson, D. C., and Giuf- 
FiTii, G. C.: Factors influencing rupture of the 
heart after myocardial infarction, J.AMA, 149: 
1276-1281. 

1952 Patebso.n, J. C : Factors in the production of 
coronary artery disease, Circulalion, 6 732-739. 

1952 Pehchuk, E.: Myocardial changes precipitated 
by hypersensibirity to acctylsalicyhc acid, Ann. 
Allergy, 10 339-^2 

1952 Sl.\dden, R. a : Coronary artenosclcrosis and 
calcification in infancy, / Clin Path , 5.175-182 

1932 Wessleh, S., Zoll, P M., and Schlesincer, 
M. J.: The patliogcnesis of spontaneous cardiac 
rupture. Circulation, 6 334-351. 

1953 Buruus, M. B., and Anno\vs\imi, W R Vas- 
cular complications of polycythemia sera, S Clin 
North America, 33.1023-1028. 

1953 HnEB, H. E , Tenc, H. C., ant> Babris, W : 
The increased frequency of acute myocardial in- 
farction during sununer months in a warm climate 
A study of 1386 cases from Dallas, Texas, Am. 
Heart 45 741-748. 

1953 Kat2, L N , AND Stamleh, j. ■ Experimental 
Atherosclerosis. SpnngQeld, III., Tliomas, 375 pp 

1953 Looer, F. H : Fatliogenesis of coronary scle- 
rosis, A.iM.A Arch Path , 55 357-383. 

1934 AsPENSTFOSf, G.: Odiagnostiserad Hiartinfarkt 
(undiagnosed myocardial Infarctions), iVord.nicd, 
52.1263-1268. 

1954 Dboty, R. a. B ' The role of mlimal hemor- 
rliagc in coronary occlusion, } Path, ir Bad , 
67.2Q7-21S. 

1954 Duccid, j B.: Diet and coronary disease. 
Lancet, 1. 891-893. 

1954 Feldman, M., and Fexdjlan, M., Jil: The 
association of coronary occlusion and infarction 
with diabetes mellitus; a necropsy study. Am. J. 
M. Sc.. 228:53-56. 

1954 Hasimond, E. C , and Horn, D : The rela- 
tionship between human smoking habits and death 
rates. J.A.M A , 755.1316-1328. 

1954 Lansinc, a. I.: Experimental studies on ar- 
ttnosclerosis. In: Sympoiium on Atherosclerosis. 
Publication No. 338. National Academy of Sci- 
ences, National Research Council. Washingtoo, 
D C., 249 pp., pp. 50-60. 

1954 Page, I. H.: Lewis A. Connor manorial lec- 
ture; atherosclerosis, introduction, Circulation, 10: 
1-27. 

1954 Russeic, H. I., and Zoiiman, B. L.s Chances 
for surxival in acute myocardial infarction, 
J.A.M.A., 756.765-768. 

1954 SciiERF, D., AND Golbey, M.; An csalualicm 
of the term "coronary insufficiency," Am. Heart 
}.. 47.928-931. 


1954 SciiNUH, S.: Mortality rales in acute myocar- 
dial infarction. III. The relation of patient’s age 
to prognosis, Ann. /nt. Med., 4i;294-29S. 

1954 Weiss, M. M., and Gray, W. R.: Hyperten- 
sion and myocardial infarction in tlie Negro, Am. 
J. M. Sc.. 227.186-187. 

1953 \ON Albertim, A.: Ciba Foundation CoUa- 
quia on Ageing. V’ol. I, General Aspects, p. 56. 
Boston, Little, Brown and Co., 255 pp. Ed. by 
G E. \V. Wolstenhohne and M. P. Cameronc. 

1953 Bldmcart, H. L., Zoll, P. .\f., Paul, H., 
AND Norman, L. R.: The effect of experimental 
acute coronary occlusion on stimulation of inter- 
coronary collateral anastomoses, Tr. A. Am. Phy- 
sicians. 6S.153-160. 

1955 Docuid, j. B.; Mural thrombosis in arteries, 
Brit. Med. Btdi. 77.-36-38. 

1953 Ducuro, J, B., and Rdbertson, B.: Effects 
of allierosclcrosis on tlic coronary circulation, 
Lancet, J;325-527. 

1955 Gopman, j. W., Lindcren, F. T., Strisoreb, 
B., deLalla, O., Glazier, F., and Tampliv, A.: 
Cigarette smoking, serum bixiprotems, and coro- 
nary heart disease, Geriatrics, 10.349-354. 

1953 Goldseb, F., and Meador, C.i Transami- 
nase and C-ieactive protein levels In acute myo- 
cardial infarction: evaluabon of indices of necro- 
sis. South. M. 48;1339-1346. 

1955 Kabsner. H. T.: Human Pathology, ed. S. 
Pluladelphia, Lippincott, 960 pp. 

1953 Lansinc, A. I.: Ageing of elastic tissue and 
the systemic effects of elostase. In: Ciba Foun- 
dation Colhquia on Ageing. Vol. 1, General As- 
pects, p. S9. Boston, Little, Brown & Co , 253 pp. 

1953 McVay, L. V., Jr., an*d Kql, P. G.: Myo- 
cardial infarcUon with special reference to Negro, 
A .M.A. Arch. Int. Med., 96;762-767. 

1953 Riedereh, J., a.nd Themel, K. G.: Zur Diag- 
nose und Differential-diagnosc eincs Heizwand- 
aneuiysmas mit Ruptur und Pscudodwertikelbild- 
ung des Perikards, Cardtologia, 27;44-5S. 

1955 Yateb, W. M., Becx. C. S , Lejciinlnceb, 
D. S., ANTI Brofman, B. L.: Symposium on coro- 
nary arterial disease. Am. Rev. Tuberc., 77:904- 
924. 

1955 Yokdyaxla, H. O., Jen.vincs, R. B., Clabacch, 
G. F., and Wartman, W. B.: Hislochemlcal stud- 
ies of early expenmental myocardial infarction, 
A.M.A. Arch. Path.. 59:347-334. 

1956 Biurck, C., and Hanson, A.: Glutamic-oxal- 
acetic trans.-iniinase in the diagnosis of myocardial 
infarction, Acta med. Scandinao, 755:317-324. 

1956 Bilaoley, R. F., ant> Bryfocle, J. W.: Sur- 
vival of diabetic patients after myocardial infarc- 
tion, Am. J. Med.. 20.207-216. 

1956 ClUNSKV, M., SaiMACRANOFF, G. L. ANT) 
Sherry. S.; Scrum transaminase activity. Obser- 
v-atious in a large group of patients, J. Lab, ir 
CUn. Med., 47:108-118. 



ATHEROSCLEROSIS 


633 


1956 Committee on Lipoproteins and Atheroscle- 
rosis of the National Advisory Heart Council* 
Evaluation of serum lipoproteins and cholesterol 
measurements as predictors of clinical comphca- 
dons of atherosclerosis, Ctrculalion, l-i-Q91~74l. 

1956 Edwahhs, J. C., Bubnsides, C., Swabm, B. L., 
AND Lansing. A. I.: Arteriosclerosis in the intra- 
mural and extramural portions of coronary arlenes 
in the human heart, Circufotion, 13.235-241. 

1936 Katz, L. N., STAKtLEn, J., and Picc, R . 
Nutrition and atherosclerosis, Fed Proc , IS 885- 
893 

1936 Keys, A , Antjehson, J. T., Aresu, M , Biorck, 
G . Brock, J. F., Bronte-Stewart, B , FmANZA, 
F Kexs, M. H., Malmbos, H., Poprr, A., Pos- 
TtLi, T , SwAHN, B , AND DEL Vecchje, A.: Physi- 
cal activity and the diet in populations diffenng 
m serum cholesterol, /. Chn. InvesUgatton, 35 
1173-1181. 

1956 Lin'dssv, S , Skaben, R , and Chaikofp, I. L.: 
Arteriosclerosis in the elephant, fatal coronary ar- 
teriosclerosis with report of an autopsy, AM A 
Arch. Path., 61.207-218. 

1938 Olsen, O. C., Kahrs, T. Romcke, O , and 
Lingjaeroe, P.: Long-term prognosis of myo- 
cardial infarction, analysis in relation to Russek’s 
classification of "good” and "poor” nsk cases, 
Acta med Scandmau., Supp., 329;17-26. 

1956 Rickards, D. \V., Biand, E F., and IViute, 
P D ; A completed twenty-five-year follow-up 
study of 200 patients with myocardial infarction, 
/ Chronic Die., 4 415-422. 

1956 Saphir, 0., OiiRiNCER, L., and Wong, R : 
Changes In the Intramural coronary branches in 
coronary arteriosclerosis, A.M.A Arch. Path., 62 

159-172. 

1956 Sckornacel, H. E : Inbnial thickening in the 
coronary arteries in infants, A.M.A. Arch. Path , 
62.427-432. 

1956 Thomas, C. B , Bateman, J. L , and Lind- 
DEBC, E. F.: Observations on the individual effect 
of smoking on tlie blood pressure, heart rate, 
stroke volume and cardiac output of healthy 
young adults, Ann. Inf. Med., 44 874-892. 

1956 Thomas, W. A., Lee, K. T., and Rabin. E. R.: 
Fata! acute myocardial infarction in diabetic pa- 
tients, A.M.A. Arch. Int. Med., 93:489-494. 

1956 Weiss, M. M.: Ten-year prognosis of acute 
myocardial infarction, Am. J. M. Sc., 231.9-12. 

1957 Chapman, J. M , Goerke, L. S , Dixon, W., 
Loveland, D. D , and Pkillips, E.: Measuring 
the nsk of coronary heart disease in adult popu- 
lation groups. IV. The clinical status of a popula- 
tion group in Los Angeles under observation for 
two to three years. Am. J. Pub. Health, 47 
(Supp.). 33-42, April. 

1957 EoWAims, J. E.: Correlations in coronary ar- 
terial disease. Buff. New York Acad. .Med. 33: 
199-217. 

1957 Gore, 1., and Tejada, C.s Tlie guantiU- 


live appraisal of atherosclerosis. Am. ]. Path , 33: 
875-^. 

1937 Hamilton, J. D : Intramural hemorrhage and 
the histogenesis of atherosclerosis. Conference on 
Work and tlie Heart. Milwaukee, Wis., Univer- 
sity of Wisconsin. 

1957 Keys, A.: Occupational and environmental 
factors in the development of heart disease. Con- 
ference on Work and tlie Heart. Milwaukee, Wis., 
University of Wisconsin. 

1957a Lew, E. A ; Some implications of mortality 
statistics relating to coronary artery disease, J 
Chronic Dts., 6 192-209. 

1957b Lew, E. A : Variations m mortality from 
heart and related diseases. Presented at the an- 
nual meeting of the Amenc.in Statistical Associa- 
tion, Atlantic City, N J., September, 1957, 21 pp. 

1957 Moon, H. D.: Coronary arteries in fetuses, in- 
fants and juveniles, Circtihjfion, 16.263-267. 

1957 MosetN, A. D ; The Pathogenesis of Coro- 
nary Occlusion. Springfield, 111 , Thomas, 171 pp. 

1957 National Health Education Committee, Inc.: 
What Are the Facts About Arteriosclerosis, Our 
Number One Killer.^ 135 E. 42nd St., New York 
17, N Y, p. 11. 

1957 Tiial, a. P , Lester, R. G., HiaiAROs, L. S., 
AND Murray, M. J.: Coronary arteriography in 
artenosclerotic disease of the heart, Surg., Cynec. 
ir Obst., 10S:457A84. 

1958 Aarseth, S.. and Lance, H, E.; The influ- 
ence of anticoagulant therapy on the occurrence 
of cardiac rupture and heinopencardium follow- 
ing iieart infarction, Am. Heart L, 56:250-203. 

1958 Barnard, P. J.: Expenmcntal anoxic cardiac 
enlargement. Lob. Investigation, 7:81-90. 

1958 Benedict, R B.: Coronary he.art disease in 
identical female twins, Am. ]. Med., 24.814-819. 

1958 Gould, S. E., and Cawlex, L. P.: Unsus- 
pected healed myocardial infarction iri patients 
dying in a general Jjospifal, A M.A. Arch, hit. 
Med., 101.524-527. 

1958 Hirshfield. D. M,, and Krainin, P.: Labo- 
ratory rUds in m>Dcaidial infarction, ]cu.ish Me- 
morial llosy. Bull, New York, 3:8-13. 

1958 Russes, H- I., and Zoilman, D. L : Rclaliv e 
sSgiuGcanco of heredity, diet and occupational 
stress in coronary heart disease of >oung adults. 
Am. /. M. Sc., 235:266-275. 

1958 TARNon-ER, II., Rva.v, D. F., Rocliano, K. T., 
AND Bertrand, C. A.: Fever in nijocardial in- 
farction. New York ]. Med., 58.511-514. 

1958 Tomian, L., and Tuna, N.: The efficacy of 
com od in lowering (lie scniin cholesterol of pa- 
tients vMlh coronary allierosclerosis, A»i. J, .M. Sc , 
235.-133-137. 

1958 Weiss, M. M., Sr., and Wuss, M. M.. Jr : 
Five >ear foIIow-up study of men who rctumwl 
to work after a uijoeardial infarction, J.AMJi, 
168:17-19. 



Diseases of the Coronaiy Arteries 
B. Non-atheroinatoiis Lesions 

S. E. Could 


Occlusne Lesions . — 

Coronary Embolism .... . . Oil 

Paradoxic Coronary Emliolisni 630 

Air Einboiism of Coronary Artery 630 

Fat Emholisni .... ... . ... 037 

Dissccbng Aneurysm of Coronary Artery... . 637 
Coronary Arteritis without Aneurysmal Foniu- 

tion 638 

Compression of Coronary Artery by Xcoptasin 638 
Ohslniction of Coronary Simi^ 638 


Miscellaneous Lesions 638 

Arteriosclerosis 63S 

Aneurysm of Coroniiy Arteries 6-39 

Atuisic Necrosis of Coronary Arttries in Ntiv- 

Ixim 640 

lUipturc of Coronary Artery. 640 

Coronary Arteriovenous Fistula 641 

Thrombosis of Coroiuiy Vein 811 

V'aritcs of Heart 041 

Bibliograpliy 8H 


Occlusive Lcsiojw 

Coronary Embolism. Most instances of 
coronary embolism are secondary to lyactcn'a! 
endocarditis (Figure VIII*43) of the left side 
of the heart. The anterior descending branch 
of the left coronary is the artery most com* 
monly involved. Embolic occlusions of large 
coronary branches axe usually single; emboU 
to small coronary branches are nearly always 



Figure VIII-43. Septic embolus in branch of left 
anterior descending coronary artery, secondary to 
acute bacterial endocarditis caused by Staphylo- 
coccus olbus. (WCGH, 40 P 3i7.) 


miilUple. In making a diagnosis of embolism 
at autopsy, one sliould be able to determine 
the source of the embolus. Absence of inflam- 
mation or of otlicr lesion of the wall of the 
obstructed vessel at the site of the occluding 
material speaks in favor of the embolic nature 
of the occluding process. Hamnun (1041) 
reviewed 30 cases in the literature of embolic 
occlusion of large branches and added 10 
cases of his own. ffe estimated that from 1 
to 2 per cent of cases of coronary' occlusion 
arc caused by embolism. Ife listed si-v possi- 
ble sources of emboli of coronaries: (1) a 
thrombus or atheromatous material in a coro- 
nary artery'; (2) a thrombus covering an atlier- 
osclerotic plaque at the root of the aorta; 
(3) a bacterial vegetation on the mitral or 
aortic valve; (4) an intracardiac mural throm- 
bus; (5) a tlirombus in a pulmonary vein; 
and (6) a thrombus in a peripheral vein 
(paradoxic embolism). Among Uie 40 col- 
lected eases, the source of embolism in 19 
was a bacterial vegetation. Tlie two organs 
dial suffer most from the effects of infarcUou 
are the brain and tlie heart; cerebral embolism 
is more common than coronary embolism. 

Saphirs (1933, Case 2) paUent was a 70-> ear- 
old man with coronary' sclerosis, flirombosis and 
my'ocardial infarction. The thrombus, present in 
the proximal portion of the circumflex branch of 
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the right coronary artery, partially occluded the 
vessel. It was estimated to be 6 days old. A por- 
tion of the thrombus then broke off and lodged 
distally at the site of origin of the posterior de- 
scending brancli. Tlie embolism caused sudden 
death. This finding illustrates the value of care- 
ful and complete dissection of the coronary ar- 
teries. Two similar cases, involving men aged 47 
and 49, were reported by Jaffe (1940). A simi- 
lar instance of embolism, m wbicli the patient 
died as a lesult of ventricular rupture, is illus- 
trated m Figure VIII-44. Hadorn (1938) re- 
ported the occunence of thrombobc occlusion 
of a coronary artery with resulting myocardial 
infarction and mural thrombosis; a portion of tlie 
mural thrombus then broke off and lodged in 
the same coronary artery, causing sudden death 
of the patient. In pneumonia, embolism is laie 
since thrombi do not ordinarily form m the pul- 
monary veins. The veins may become throm- 
bosed as a result of suppuration of or invasion by 
tumor. Medlar (1935) reported plugging of a 
branch of the left coronary artery by a bit of 
caseous material containing tubercle bacilli. There 
was no evidence of previous disease of the artery. 
The patient had bilateral pultnonartj tuberculosis, 
a small cavity m the upper lobe of the right 
lung and generalized miliary tuberculosis. In 
addition the lateral and upper portion of the left 
ventricle was the seat of an infarct, a few days 
old, which measured 8 by 1.5 cm. Tlie patient 
died unexpectedly as the result of the embolism 
Moragues and associates (1930) repoited the 
occurrence of embolism with survival for several 
months. The souice of the embolus was a nodulai 
calcified mass on the aortic voice which had no 
assoaated bacterial endocaiditis. 

Shrades and associates (1956) reviewed the 
literature on coronary embolism. They encoun- 
tered reports of 4 instances in which the diagnosis 
had been made during life. Of 81 cases encoun- 
tered at autopsy, 34 were sufficiently documented 
to permit analysis. In 49 cases the age was 
stated, the average age being 39 yeats. Of 47 
in which the sex was given, 35 were n».iles and 
12 were female patients. Of 47 instances in vvliich 
the vessel involved was mentioned, in 36 the left 
artery and its branches were occluded; in 7, the 
right artery; and in 4, bolli vessels. In 54 cases 
the nature of the embolus was detennined. The 
embolus arose from an endocarditis 22 times (in 
17 the endocarditis w'as acute or subacute and 
affected one or both valves of the left side of the 
heart); from a nonbactcnal tlirombus 29 times 


(6 from the ventricular wall; 14 from the proxi- 
mal aorta, aortic valve or left atrium; 3 from the 
stem of a main coronary artery, 4 were para- 
doxic and arose from a pelvic vein; and 2 arose 
from the lung); and in I instauce each from a 
caseous mass m the lung (Medlar, 1935), a cal- 
careous mass whose source was not stated, and 
from a calcific mass detached from the aorta 
(Moragues ei al., 1950). 

The immediate prognosis of cinholism of a 
coronary artery or one of its larger branches 
is poor but, if the patient survives the initial 
effects of tlie embolism, tlie cliances are good 
that the recovery will be complete. The diag- 
nosis may be made during life if the patient 
has bacterial endocarditis or thrombophlebitis 
and develoi>s symptoms of coronary occlusion 
In bacterial endocarditis, emboli commonly 
occlude small branches of tlie coronarj' ar- 
teries. 



Figure Vlll-14. Recent tlirombosis of Uft 
tircuniflc-v artery with embolism into more 
distal portion of the vessel. Fresh Infarc- 
tion and nipture of left vcntncle. (WCCII, 
4Q A 64.) 
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de Navasquez (1939) examined serial sections 
of successive blocks cut from the left venlriCTiIar 
wall and septum in 20 unselected cases of Sfrep- 
tococcus viridans endocarditis. He found evi- 
dence of embolism to small arteries in 19 of the 
20 hearts. In 16, sharply defined masses were 
found withm the lumen of an artery and in 19, 
foci of polymorphonuclear leukocytes, with or 
without necrosis of adjacent myocardial cells, 
were found in the myocardium. In no instance, 
however, were bacteria demonstrable in these 
lesions. Saphir (1935) found small organizing 
myocardial infarcts in 28 of 35 unselected cases 
of subacute bacterial endocardihs. These small 
emboli produce no symptoms unless they are nu- 
merous, when they may seriously impair cardiac 
efficiency. Coronary embolism of bland tlirombi 
is rare, of bactenal vegetations, common. 

Paradoxic Coronary Embolism. Only a few 
cases of paradoxic or crossed coronary embo- 
lism have been reported. Tlie occurrence of 
paradoxic embolism requires patency of the 
atrial or ventricular septum and a right-to-left 
shunt such as is produced when pressure in 
the right atrium or veutride exceeds that in 
tlie corresponding left chamber. An increase 
in pressure of the right side with development 
of acute cor pulmonale often follows massive 
or recurrent pulmonary infarction and may set 
tlie stage for crossed embolism. 

In all the following instances, a patent fora- 
men ovale was present. Tlie patient of W'olff and 
White (1926, Case 11) was a woman with carci- 
noma of the ovaries who had pelvic venous 
tlirombosis and embolism of tlie patent foramen 
ovale and the descending branch of the left coro- 
nary artery. The patient of Thompson and Evans 
(1930) had a malignant teratoma involving both 
testes. Portions of tlie neoplasm metastasized by 
way of the Veins to the nght atrium and 
were earned through the patent foramen ovale 
into the left ventncle and boUi coronary arteries. 
In Saphir's p-atient (1933, Case 1), a thrombus 
in a femoral vein vvas carried to Uie left anterior 
descending coronary artery. The sudden death of 
the patient was attnbuted to lack of development 
of coronary anastomoses because of liis relatively 
y'oung age (35 years) and his freedom from coro- 
nary atherosclerosis. A similar case in which the 
embolus arose in a femoral vein was reported by 
Jacobi and associates (1934). 

Air Embolism of Coronary Artery. In ex- 


periments on guinea pigs, in which broncho- 
venous fistulas were produced, with entrance 
of ait into die pulmonary veins, Rukstinat and 
LeCount (1928) were able to demonstrate air 
in the coronary arteries in all animals. In 
fatal cases, death was abrupt; some animals 
showed focal microscopic hemorrhages in die 
myocardium; in other animals, no focal lesions 
were present. 

Rukstinat (1931) injected air into Uie coro- 
nary arteries of dogs. When 15 to 20 ml. was 
injected rapidly, deatli ensued within 1 to 4 min- 
utes, but if the injection occupied 40 to 50 sec- 
onds, the cardiac disturbance vvas slight and 
the animal recov ered. A number of instances of 
fatal air embolism (Lucas, 19S6; Hal/, 1937; 
Schaltenberg and Zisldnd, 1939) have occurred 
in rcfilhng an old pneumothorax in which air has 
entered a pulmonary vein, and air emboli have 
been found in the cerebral vessels, and in the 
coronary arteries with or without heraorrhagio 
areas in the myocardium. A similar accident may 
follow thoracentesis or thoracic operations (Hel- 
per et al., 1947), Rossle (1947) stated tliat in 
fliers, and in victims of explosion in Uie air or 
under water, there are sudden changes in the at- 
mospheric and Ultra-alveolar pressures, with rup- 
ture of the pulmonary capillaries and entrance of 
air into the pulmonary capJlanes or veins, air 
thus reaching the left side of the heart and coro- 
nary arteries. Air embolism to Uie brain may re- 
sult in unconsciousness while air embolism to the 
coronary arteries may result in sudden death, 

Durant and associates (1947, 1949) have 
reviewed the literature on air embolism. They 
believed that most cases of serious “pleural 
shock” in reality represent air embolism. They 
distinguished between pulmo/ianj (venous) 
air embolism and arterial air embolism, de- 
pending on the site of entrance of air. In the 
pulmonary form, air enters one of the systemic 
veins and is carried to tlie right side o£ the 
heart and pulmonary circulation. In the ar- 
terial form, air enters a pulmonary’ v’ein and 
is carried to tlie left side of the heart and 
then to the systemic arteries. In Uie pulmo- 
nary form, should the heart possess a patency 
of tlie interatrial septum, as of the foramen 
ovmle, paradoxic air embolism may result. In 
pulmonary air embolism, death results from 
circulatory obstruction because of an air trap 
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in the right ventricular outflow tract. The 
amount of air necessary to cause death is 
relatively large, being 150 ml. or more. In 
arterial air embolism, a relatively small 
amount of air is necessary. Involvement of 
the coronary arteries is believed to be a factor 
in causing death. 

Durant and associates (1949) demonstiated 
that the injection of 0.5 to 1 ml. of air into the 
coronary arteries of dogs, or of 5 to 10 ml. of 
air into the left atnum or pulmonary veins pro- 
duced ischemia of the myocardium m areas sup- 
plied by the involved vessels. The ischemia was 
also indicated by electrocardiogram and was 
demonstrable grossly. Two dogs survived injec- 
tion of 5 ml. of air into tlie left atnum and two 
dogs died following injection of 10 ml. of air. 
These workers found that the vascular obstruction 
may be transient, the air being rapidly absorbed, 
but that the ischemia may persist despite the dis- 
appearance of air bubbles from the lumen of the 
coronary arteries. 

Fat Embolism. In fat embolism following 
trauma, Warthin (1913) called attention to 
possible damage to the heart. He pointed out 
the macroscopic presence of fat in subepi' 
cardial vessels, miliary hemorrhages and 
patches of fatty degeneration in the heart 
muscle, and in microscopic sections, fat* 
emboli in numerous blood vessels, and large 
droplets in the heart muscle in the immediate 
neighborhood of these vessels. Some of the 
fat in the muscle fibers apparently is derived 
from the neighboring fat-emboli. The fatty 
material is transferred from the venous to tlie 
arterial side by passing through the pulmo- 
nary capillaries. This transfer is said to be 
favored by subsequent trauma or jarring of 
the patient (Vance, 1931). The fat /s dis- 
tributed to the capillaries of the entire cir- 
culatory area but tlie principal eifects of the 
embolism appear to be manifested in the 
brain, heart, kidneys and lungs. Plugging of 
the capillaries and arterioles results in focal 
anoxia and minute infarcts with petechial 
hemorrhages. In the heart the hemorrhages 
may be minute and in the form of streaks in 
the ventricular muscle, while the adjacent 
muscle may reveal numerous microscopic fatly 
globules. 


Szurek and Czaja (1933) infected 1 to 2 ml. 
of oU obtained from canine adipose tissue into 
the descending brancli of tlie coronary artery of 
dogs and exsanguinated the animals after vari- 
ous peiiods from 6 hours to 30 days. They found 
sausage-shaped fiitty emboli causing occlusion of 
tlie capillaries. Some oil was still present after 30 
days. Permanent blocking by oil was followed by 
focal infarction. In the pulmonary form of fat 
embolism, ^Varlen (1946) gave the location of 
petechial hemorrhages as pericaidium, conjunc- 
tivae and pleurae in that order of frequency. He 
stated that fat may pass the pulmonary circuit or 
go through a patent foramen ovale, but doubted 
lliat embolic involvement of the coronary arteries 
was a significant factor in producing death. In 
cases in which the coronaries were involved, otlier 
organs were severely affected. In 8 of 100 cases 
of fat embolism he found a significant degree of 
coioiiary involvement. Harman and Ragaz (1950) 
produced fat embolism in rabbits by tlie intra- 
venous iniection of homologous fat. In animals 
dying immediately, death was asenbed to massive 
plugging of the pulmonary vessels. In animals that 
survived the injections by several hours, the prin- 
cipal changes were pulmonary edema, focal ne- 
crosis in the heart and liver, and scattered pete- 
chia©. The changes tn the heart included petechial 
hemorrhages of the pericardium and beneath 
the endocardium of the left ventricle, and pres- 
ence of grossly perceptible fat globules in (he 
dilated right ventricle; and microscopically, hyper- 
emia of the myocardium and focal necrosis with 
infiltration of monocytes and neutrophilic poly- 
morphonuclear leukocytes. The fcc.il necrosis was 
attributed to embolism of small vessels by fat. 

Dissecting Aneurysm of Coronary Artery. 
Only a few instances of dissecting aneurysm 
of the coronary arteries have been reported. 

Wainvvright (1944) desenbed an instance of 
dissecting aneurysm of the aorta which extended 
to produce dissection of the left coronary artery 
and its anterior descending branch and conse- 
quent occlusion of the lumen of the \ essel by the 
pressure of the hematoma within its vvalls, and 
m>ocardial infarction. He believed that tlic rarity 
of obstruction of the c-oronary artery from this 
cause is to be explained by the proximity’ of the 
coronary orifices to tlie reflection of tlie pericar- 
dium on the aort.i, rupture usually occurring into 
tlie pericardial sac before the dissection can ex- 
tend widely in the walls of the coronary’ arteries. 
The anatomic relations of the orifices in Uie sinus 
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Figure VIlI-15 Dissecting hemonhage in outer por- 
tion of media of right coconary artery, which caused 
sudden death In a 4i->ear-o!d previously healthy 
woman, apparently os a result of periartentjs nodosa. 
Case reportv-d by Ahronlieim and Waginao (Arch 
Path . 69.19-23, 1059). X 20. (WCGH, 57 P 662.) 

of Valsalva are also thought to afford protection 
against dissection of the coronary arterial walls. 
Whittaker and Sheehan (1954) reported a case 
of Marfan’s syndrome In which a dissecting aortic 
aneurysm encircled the right coronary' artery. 

We have observed a case referred b> Dr. J. H. 
Alironheim of Jackson, Michigan, of a dissecting 
aneurysm in tiie ramus interventnculans postenor 
of the right coronary artery which caused sudden 
death in a 41->ear-old woman (Figure VIlI-45). 
The nature of Uie penadv entitial uifiltrate sug- 
gested pol>artentis nodosa, but tlus lesion was 
not found m any other artery examined at 
autopsy. 

Coronary Arteritis vvitliout Aneurysmal 
Formation. Barnett and Zimmerman (I&47) 
reported an instance of thromboarteritfs of tlie 
coronary artery in a 48-year-old man with sep- 
ticemia caused by Salmonella choleracstiis. 
Tlie renal and hepatic arteries were similarly 
involved. The lesions were judged to repre- 
sent those of true arteritis ratJier than mani- 
festations of polyarteritis nodosa. 


Compression of Coronary Artery by Neo- 
plasm. Peppard and Larson (1933) reported 
occurrence of metastatic carcinoma from tlie 
breast to the epicardiuni with compression of 
the lumen of botli coronaries but especially 
the left. Tlie myocardium was soft but not 
infarcted. 

Obstruction of Coronary Sinus. Grant and 
Jones ( 1928 ) encountered at autopsy in a 28- 
year-old man a fibrous diaphragm which oc- 
cluded Uie lumen of the coronary sinus in its 
midportion. The fibrous tissue appeared to be 
the result of an old thrombus of the sinus, 
rather tlian a congenital malformation. In this 
case it is of interest to note tliat tlie obstruc- 
tion apparently caused no interference with 
coronary circulation and did not produce ob- 
vious dilatation of the tributary veins, thus 
indicating Uie functional efficiency of the 
venous anastomoses present on tlie surface of 
Uic heart. 

In experiments on dogs, Lorber and Green- 
berg (1944) demonstrated tliat gradual occlu- 
sion of tlie coronary sinus did not uicrease the 
coronary aitenal bed but rather reduced it. 
Warner and Daupinnee (1936) encountered 
complete occlusion of the coronary sinus by a 
thrombus m a 45->ear-oId man witli widespread 
migratory phlebitis and carcinoma of the bron- 
chus. Clinically the pabent had severe djspnea 
and paroxvsmal tachycardia, but no cardiac pain. 
Tiic diagnosis of phlebitis with thrombosis was 
made during life, after excision of a superficial 
vein. McAllister and Leighiiinger (1950) pro- 
duced infarcbon of the right ventricle in dogs 
by L^bng both the coronary sinus and the an- 
terior cardiac veins, indicabng that tlie intra- 
mural venous drainage-system (thebesian ves- 
sels) was incapable of accommodating the inflow 
uf oxygenated blood to this area. 

Miscellaneous Lesions 

Coronary Artcriolosclerosis. Jacobson and 
RanUn (1950) reported sclerosis of the coro- 
nary arterioles, without significant atheroscle- 
rosis of larger coronary' arteries, in a 70-> ear- 
old man. He encountered only 2 such cases 
in tlie literature, one patient was a woman 46 
years of age and the other, a man 41 years 
old. Tlie lesion affected arterioles having an 
external diameter up to 350 micra, and was 
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characterized by marked hyalinization and 
hypertrophy of tlie media; the thickness of the 
wall was equal to or twice the diameter of 
the lumen. There was no associated hyperten- 
sion or cardiac hypertrophy, obstruction of the 
coronary arteries, or arteriolar disease of otlier 
organs including kidney. 

Aneurysm of the Coronary Arteries. Poly- 
arteritis nodosa {Figures VlII-46 and 47) is 
the commonest cause of aneurysm of tlie coro- 
nary arteries. Although polyarteritis nodosa 
of coronary arteries is usually part of a gen- 
eralized arteritis, its occurrence without in- 
\iilvement of other organs has been described 
in infants (Sinclair and Nitsch, 1949). 

Fraenkel (1917) described an aneurysm of 
the left coronary artery immediately beyond the 
oufice, in a 20-year-old soldier, who had sustained 
an m/wry six months previously. The aneur)'smal 
vessel was filled with a red thrombus and was 
associated witli aneurysmal bulging of the apical 
half of the left ventricle and with a mural endo- 
cardial thrombus. Fraenkel thought that a trau- 


matic origin was likely. A single aneurysm of the 
coronary is usually situated immediately distal 
to die orifice, within the first inch of the vessel; 
multiple aneurysms are usually located at points 
of division of the artery (Packard and Weohsler, 
1929). 

Scott (1948) reviewed the literature on aneu- 
rysms of the coronary arteries exclusive of those 
proved to have resulted from polyartentis nodosa. 
He classified these aneurysms as localized, diffuse 
and dissecting. Of 47 localized aneurysms, 15 
were regarded as congenital; 12, m} CotiC'enibohc; 
6, atherosclerotic, 6 syplulitic; 1, purely mycotic, 
1, rheumatic, 2 probably caused by polyarteritis 
nodosa; and 4, unclassified. The left coronary 
artery only was involved in 27 instances, tlie 
right artery only m 11, and both arteries in 6, 
and in 3 instances tlie affected artery was not 
named. Jn 36 instances a single aneurysm w'as 
present; in 8, multiple aneurysms; and in 3 in- 
stances no statement is made, but presumably a 
single aneurysm was present. Fourteen of tlia 
15 instances of congemtal aneurysm wcie en- 
countered in males. In the atherosclerotic aneu- 
rysm. the internal elasb'c layer may be destroyed 



Figure VIII-46 {left). Periartentis nodosa of branch of left coronary artery. N’ole necrosis of media of 
vessel and inflaninuUon witlun walls and pcnphcral to vessel. X2S0. (WCGU, 53 P 283-3.) 
Figure VJJI-47 {riglit). Pcnartcnlis nodosa of branch of coronary artery, sJjowing obJilerating iiijrosing 
endartenUs and heavy perivascular infiltrations. X 110. (WCGH, 38 P 283-4.) 
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Fiffwre VIH-18. Vancts ("blood or bciuan- 

gionia) of mitral \ahe in 8-\\C'ck-o]d boy. X 100. (A 
253 BA, University of Miclugan, WCCIl. 5S P 479.) 


at the site of atheromatous plar{ues. The tnycciic- 
embolic aneurysms arc usually secondary to bac- 
terial endocarditis of the mitral or aortic vaUe. 
The comfflonest causes of death in the locabzcd 
aneurysms were rupture (m about 50 per cent of 
cases), coronary thrombosis, and congestive heart 
failure. Scott repoitei the occurrence in a man 
of 84 of multiple aneurysms involving both coro- 
naries, the largest aneuiysm measuring 10 by 8 
by 8 cm. A roentgenogram revealed a large 
globular shadow to the right of the heart and 
displacement of the esophagus to the left, vvhJe 
the electrocardiogram revealed a shifting pace- 
maker. The patient, however, had had no cardiac 
symptoms. Scott also found 5 reports of diffuse 
aneurysm and 1 of dissecting aneurysm. All of 
the diffuse aneurysms were thought to be con- 
genital, 4 of them involved the right coronary 
and 1, the left circumflex. In a report of 17 cases 
of polyarteritis nodosa vvith autopsy, Griffith and 
Vural (1951) found 7 which showed evidence of 
polyarteritis nodosa in the heart. Of 3 myocardial 
infarctions found in this series, only I was 
thought to have been caused by polyarterib's no- 
dosa. 

In the mycotic-embolic aneurysms the lumen 
contains the infected embolic material. The in- 
fection first involves the intima and then spreads 
either directly to the media and adventitia or to 
the adventitia by way of the vasa vasorum and 


finally to the media. There is inflammatory’ reac- 
tion vvith infiltnitioii of polymorphonuclear leuko- 
cytes and lymphocytes and destruction ol the 
internal clastic lamina, fibroblastic proliferation, 
later dcstniction of muscular tissue and finally 
licinorrhage in the adventitia and surrounding 
tissue. Occlusion of the lumen of a coronary 
artery by embolus from vegetative endocarditis 
may cause myocardial infarction. Pure m>CQtic 
aneurysms arc secondary to septicemia, a^ from 
osteomyelitis. In view of the great rarity of the 
so-called atherosclerotic aneurysms, tlie athero- 
sclerotic process may be but one factor in the 
production of these aneurysms. In addition to the 
severe atherosclerosis, the vessel at the site of nn 
atlicromatous plaque may Iiavc undergone de- 
stniLtion of the internal clastic lamina and 
phy of the media. 

Edwards ( 193S) has pointed out that, in a num- 
ber of instances of so-called congenita] aneu- 
rysm of llie coronary artery, Uie artery communi- 
cates vv iih the circulation of the right side of the 
heart (including the coronary sinus or one of its 
tributary veins, the right atrium or vcntriclo» or 
the pulmonary trunk), or vvith the left atrium or 
ventricle. In such Instances, the artery is in effect 
part of an arteriovenous communication, and the 
flow of blood is from the sy’stemic arterial systfi® 
to the venous side, with resulting dilatatiort 
tortuosity of the artery. (See also page 429.) 

Anoxic Necrosis of Coronary Arteries in the 
Newborn. Gnienwald (1949) encountered at 
autopsv medial necrosis of the coronary arter- 
ies in 21 stillborn and newborn infants or in 9.5 
per cent of those up to 3 days of age "’ho 
showed signs of asphy.xia, including focal 
hemorrhages in various organs. The areas of 
necrosis consisted of masses of eosinophilic 
materia], chiefly in the outer portion of the 
media, which were focal or surrounded most 
or all of the vessel. Some of these lesions en- 
closed cavities containing granular debris and 
occasional erythrocytes. The lesion appeared 
to progress from the adventitia toward the 
intima and suggested impairment of the nutri- 
tion of the vessel wall, derived from the ad- 
ventitia. 

Rupture of Coronary Artery. Olcott (1931) 
reported a case of rupture of a coronary artery 
and found 30 cases in the literature. Fifteen 
of the 31 cases were associated with coronary 
aneurysm, and 16 were not. In 14 the etiology 
was thought to be atherosclerosis; in 5, ^ 
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infection (embolic); in 2, syphilis; and in 10, 
tJje cause was undetennined. 

The average age of the patients of the in- 
fectious group was 19 years; of the syphilitic 
group, 46, and of the arteriosclerotic group, 63. 
The vessels involved and the frequency of in- 
volvement were as follows, left coronary artery. 
11 times; the right, 8, both vessels, 3; and m 9 
instances the vessel affected was not stated. The 
patients were males in 19 cases, females in 11, 
and in one instance the sex was not stated. 
Bradbury (1942) reported survival of a woman 
(aged 75, alive and comfortable at the time of 
the report) for 32 years following scverence, by a 
stab wound, and ligation of the mid-portion of 
the anterior descending branch of the left coro- 
nary artery. 

Coronary Arteriovenous Fistula. The term 
“coronary arteriovenous fistula” refers to a 
communication between a coronary artery and 
a vascular structure by means of which blood 
Is shunted into a channel without first pass- 
ing through capillaries. Such a fistula results 
in dilatation of the coronary artery and gen- 
erally is aneurysmal in appearance. 

Steinberg and associates (1958) reported a 
case and revieued the xi’orld’s literature. He 
found a total of 21 cases, 13 with autopsy. He 
listed the fallowing structures which communi- 
cated with a coronary artery: right coronary ar- 
tery with pulmonary trunk or a pulmonary artery 
(3 cases); coronary sinus (3); coronary vein (2), 
right atrium ( 2 ); left coronary artery with pulmo- 
nary trunk or a pulmonary artery (2), coronary 
sinus (2); coronary vein (1); right ventricle (3); 


left atrium (1); not specified (3). The authors 
attributed the fistula to either embryonic arrest 
of normal development of coronary vessels or to 
anomalous origin of a coronary artery with a left- 
to-right shunt of blood flow. 

Tlirombosis of Coronary Vein. Lake ( 1958 ) 
reported antemortem thrombosis of a coro- 
nary vein with fresh hemorrhage in the myo- 
cardium {% by V4 inch) surrounding the distal 
portion of tlie anterior descending coronary 
artery, in a healthy man who died 14 hours 
after he had collapsed while engaged in heavy 
labor on a hot day. Hemorrhage was present 
in the wall of the distended vein and in the 
adjacent myocardium but the coronary ar- 
teries showed no histologic changes. A section 
from the apex at a distance from the gross 
hemorrhage revealed marked infiltration of 
polymorphonuclear leukocytes. The author 
cited from tlie literature 4 other cases of 
thrombosis of a coronary vein. 

Varices of the Heart. A common site for 
varices of the coronary system is the right 
atrium at the inferior or posterior border of 
the foramen ovale (Schulz, 1930). Other sites 
include papillary muscles, a leaflet of the tri- 
cuspid or mitral valve (Figure VIII-48) and 
the subepicardial fat. Varices are fonned on 
the basis of a congenital underdevelopment 
of the venous wall. Tlie lower pressure within 
the right atrial chamber may a/so be a factor 
in their formation. In most instances, varices 
have been encountered in aged persons and 
have had no clinical significance. 
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Historical 

A ccording to Wells (1812), Pitcairn. 

about die year 17SS, first remarked that 
persons subject to rlieum.atism were "attaejeed 
more frequently than others, with symptoms 
of an organic disease of the heart.” Subse* 
quent experience confirmed the truth of this 
observation and he concluded that these 
two diseases often depended on a common 
cause, and called the latter disease “rheuma- 
tism of the heart.” He communicated his ob- 
servation to several of his friends, and to his 
pupils at St. Bartholomew’s Hospital to which 
he was then pliysician, but no notice was 
taken of liis remark in any book before it 
appeared in the second edition of Baillie's 
Morbid Amtomtj, published in 1797. 


Jenner w'as also among the first to associate 
rheumatic fever with heart disease. Accord- 
ing to records of the Fleece Medical Society, 
of which Jermer was a member, on July 29, 
1789, “Mr. Edward Jenner favored the society 
with remarks on a disease of tlie Jieart follou’- 
ing acute rheumatism illustrated by dissec- 
tions.” A classic account of the association of 
acute articular rheumatism and heart disease 
was vvrilten by Jean Bouillaud in 1835. 

In Ills famous law of coincidence, lie stated 
(1840); "In the great majority of cases of diffuse 
aitjcular rheumatism ivith fever there e.xists in a 
variable degree a rheumatism of the serofibrous 
tissue oLaIiC heart. Tlie coincidence is the rule, 
and tlie noncoincidence tlie exception." 

BaiUie in 1793 first described die acute form 
of pericarditis with exudation of "coagulablc 
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lymph” from the blood vessels in the pericardium 
and fluid in the pericardial cavity. Pulteney m 
1761 had reported a case of adherent pericardium 
in a young man who had suffered from fever 
and arthritis 2 years previously. 

In 1835 Sir Thomas IVatson recognized 
rheumatic fever as essentially a disease of 
childhood. 

“One law respecting the connecbon between 
the cardiac and the arthritis symptoms may be 
stated with confidence, namely, that the younger 
the patient is who suffers acute rheumatism (and 
I have seen it as early as the third or fourth year) 
the more likely \vin he be to have rheumatic car- 
ditis. The chance of this combination appears to 
dinumsh after puberty as life advances.” 

MacLagan in 1881 emphasized the specific 
action of the salicylic group of drugs Salicydic 
add was the first of these to be used in the 
treatment of acute arthritis, but because of 
its irritant action it was supplanted by sodium 
salicylate. Cheadle (1SS9), in his lectures 
before the Harv'eian Society of London in 
1888, presented a classical description of rheu- 
matism in childhood to which little can be 
added at the present time. 

It was not until the latter part of tlie nine- 
teenth century that rheumatic myocarditis 
was recognized. The myocardial lesions were 
described by several investigators (Goodhart, 
1879; Romberg, 1894) before tlie specificity 
of the interstitial myocardial lesion was es- 
tablished by Aschoff in 1905. 

In 1887 the microbic origin of rheumatic 
fever was investigated by Mantle. In the next 
20 years the names of Geipel ( 1905), Poynlon 
(1899) and Paine (1900), and Coombs 
(1907) were associated with further discus- 
sion of the pathology and etiology of rheu- 
matic disease. In the past 40 years, investi- 
gators have been engaged in bacteriologic and 
immunologic studies in unsuccessful efforts to 
determine the etiologic agent of tlie disease. 
The majority of these studies have centered 
about tbe possible etiologic significance of 
micro-organisms of the genus Streptococcus. 

The main contribution to our knowledge of 
rheumatic fever during the past 30 years lias 
been in the field of pathology. 


The studies of Klotz (1912), Pappenheimer 
and Von Claim (1924, 1927), MacCallum 
(1924), Klinge (1933), Swift (1924, 1929, 
1947), Cross (1935a, b), Clawson (1925, 1929, 
1938, 1940a, b, 1941, 1945), and others clearly 
demonstrate that rlieiimatic fever is a systemic 
disease, probably an infectious disease with le- 
sions throughout Uie body'. Most important of 
these is tlie lesion of the cardiovascular stnic- 
hires. 

PrecaJeiicc 

Rheumatic disease of the heart ranks with 
coronary and hypertensive heart disease as 
one of the most common and serious types of 
disease of the heart. It is especially important 
and serious because it is particularly a dis- 
ease of youth, killing or crippling many chil- 
dren and young adults. 

Surveys of school children of some of the large 
cities of the United States (Paul, 1928, 1945; 
Paul et al , 1934) indicate an incidence of rheu- 
matic heart disease of approximately 3 to 14 cases 
per 1000. Glover (1930) in England found that 
in the age group 10 to 15 years, rheumatic fever 
causes 5.4 per cent of all deaths, and heart dis- 
ease (80 per cent of which was due to rheu- 
matic fever at this age), 10.8 per cent or a total 
of 16.2 per cent. Tliis is four-fifths as much as 
all fonns of tuberculosis and more tluin twice as 
much as measles, scarlet fever and diphtheria 
combined. In the United States rheumatic fever 
with heart disease is the leading cause of dcalli 
in children 10 to 15 years of age. At ages 15 to 
24 years it is second only to tuberculosis. It has 
been estimated that, among persons less than 20 
years of age, for eacli death from the combined 
causes of pertussis, diphtlicna and poliomyelitis 
tliere are 50 deaths resulting from rheumatic dis- 
ease of the heart (Mustard, 1947). 

Natural History 

It is now generally recognized that rheu- 
matic fever is a chronic inflammatory disease. 
Cohn and Lingg (1943), in a statistical study 
of 3,11S patients, noted recurrences in 75 per 
cent during an av’erage period of 13 years 
after the onset of tlie illness. 

The largest incidence of recurrence was in pa- 
tients between the ages of 5 and 14 years. Ac- 
cording to tliese authors, a sharp decline in re- 
currences takes place at the age of 12 years; in- 
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volvemeiit of the heart can be jecogni2ed in 
approximately 65 per cent of patients during the 
course of rheumatic fever in childhood; and the 
earber tire age at onset, the greater is the chance 
that infection will be severe during the next few 
years. 

In a 10-year study of 1000 cases of rheumatic 
fever, Jones and Bland (1942) found that 65.8 
per cent had some degree of rheumatic heart 
disease while 34.2 per cent had no detectable 
heart disease at the termination of their first at- 
tack. In this latter group of 342 patients, about 
72 per cent were free of rheumatic heart disease 
at the end of 10 years. Two-thirds of those who 
later had rheumatic heart disease had a recag 
nizable recurrent episode of rheumatic fever. Of 
the 658 patients who had rheumatic heart disease 
at the end of their initial attack of rheumatic 
fever, the cardiac condition of 22 per cent im- 
proved, that of 27 per cent was unchanged, and 
that of 51 per cent had progressed at the 
end of 10 years. The occurrence of repeated at- 
tacks of rheuinatie fever was the chief feature 
which determined whether rlieumatic heart dis- 
ease would progress or regress. In 75 (7.5 per 
cent of the entire series) clinical evidence of 
rheumatic heart disease disappeared, while in 68 
(6.8 per cent of the total series) it decreased. 
At the end of 10 years the st.ntus of the heart dis- 
ease in these 1000 patients was as follows: 313 
(31.3 per cent) had no detectable heait disease; 
470 (47 per cent) had some degree of rheumatic 
heart disease; 203 (20.3 per cent) were dead, 
most of them as the result of recurrent rheum.alic 
fever; and concerning 14 (1.4 per cent) the fol- 
low-up data were too inadequate to be of 
value. 

Bland and Jones (1951) also reported the 
course of these 1000 patients with rheumatic 
fever over a period of 20 years. Of 301 who died, 
40 per cent had had extensive rheumatic heart 
disease when first seen. Bheumatic fever and rheu- 
matic heart disease were responsible for most 
deatlis. Ten per cent of the 301 patients died of 
bacterial endocarditis. The serious prognostic fea- 
tures were: a history of a severe initial attack of 
rheumatic fever, great enlargement of tJie heart, 
and development of congestive failure c.irly in Ihe 
disease. Of the patients who had no detectable 
rheumatic heart disease at the lime of their initial 
illness, 44 per cent developed rheumatic heart 
disease during the 20-)'ear period. However, a 
large majority of patients who survived 20 years 
from the onset of rheumatic fever had little or 
no restriction of physical activity. 


According to Cohn and Lingg (1943), the 
duration or life expectancy differs vvitli tlie 
age at onset. 

When the disease begins in childhood, 69 per 
cent survive childhood, 35 per cent survive 
adolescence, 18 per cent reach the age of 30 
years, and 5 per cent live beyond the age of 45 
years. When the disease begins in adolescence, 
85 per cent survive this age period, 55 per cent 
reach the age of 30, and 21 per cent the age of 
46 or more. IVhen the onset is m the third dec- 
ade, 23 per cent survive the age of 45 years, 
and when the onset is after 30, 44 per cent 
survive the age 45. 

Somewhat similar findings have been re- 
ported by Ash (1948) in a study of 537 
children in Philadelphia observed for 10 years 
after the onset of rheumatic infection. At ter- 
mination of the initial attack, 59.2 per cent 
showed evidence of the presence of rheumatic 
heart disease. Of 219 patients with no clinical 
evidence of heart disease at termination of 
their first attack, 76.7 per cent sldl showed no 
evidence of heart disease 10 years after onset. 
Only 5 per cent of this group who did not 
have heart disease clinically at the termina- 
tion of tlieir first attack had died of rheumatic 
infection or bacterial endocarditis. Of 318 
patients who had rheumatic heart disease after 
tho initial episode of rheumatic fever, 30 (9.4 
per cent) showed disappearance of signs of 
cardiac involvement and 42.1 per cent had 
died of rheumatic infection or bacterial endo- 
carditis. Of the group who had heart disease 
after the initial episode of rheumatic fever, 
60.3 per cent of those living 10 years after the 
attack were leading a normal existence with 
little or no limitation of activity. Of the w'hole 
group, at tlie end of 10 )’ears, 24.4 per cent 
had died of rheumatic infection in compari- 
son with a death rate of 42 per cent among 
tlioso diagnosed as having rheumatic heart 
disease at onset. 

Wilson and Lubschez (1943) reviewed the 
rcconis of 1,042 children who wore under 
observation for a 2>oriod of 30 years. Eight)’- 
nine per cent of the jjatients were seen at 
the time of death or at the end of the study. 
Tlie over-all death rate was 14.7 ix'r 1,000 per 
year. The highest death rates occurrcrl be- 
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tween the ages of 1 and 4 years (33.2 per 
tliousand) and 10 to 14 years (16.3 per thou- 
sand). An affected child has 4 chances out of 
5 to survive 15 years after the onset of the 
disease, 3 chances out of 4 to survive 20 years 
after onset, and 2 chances out of 3 to survive 
30 years after onset. 

Cause of Death in Rheumatic Fever. In 
the study by Jones and Bland ( 1942), of 1,000 
patients with rheumatic fever, 10 years after 
the initial attack, one-fifth (203) had died, 
most of them (83 per cent) after repeated 
episodes of rheumatic fever. Sixteen (8 per 
cent) of the deaths were caused by bacterial 
endocarditis superimposed on the previous 
rheumatic valvular disease. Nineteen persons 
died as tlie result of diseases or accidents un- 
related to rheumatic fever or rheumatic heart 
disease. Among 226 deatlis analyzed by Wil- 
son and Lubschez (1948), 75 per cent resulted 
from rheumatic disease of the heart and 10 
per cent from subacute bacterial endocarditis. 
In the study of the first 10 years of rheumatic 
infection in 588 children. Ash (1948) found 
that one-fourth (131) had died from rheu- 
matic infection, 2 per cent (12) from bacterial 
endocarditis and 1.4 per cent (8) from un- 
kmown or unrelated causes. On rare occasions 
sudden death occurs as a result of rheumatic 
carditis (Hamilton et al, 1948; Moritz, 1948). 

Wallacli and associates (1956), in a study 
of 509 patients xvith rheumatic heart disease, 
concluded that witli increasing age rheumatic 
heart disease is more often a relatively inac- 
tive incidental lesion and that its rdle as a 
cause of deatli becomes less significant. 

Yet rheumatic changes of the heart \alves were 
:wt rare, having been encountered in 59 per cent 
of a scries of 8676 consecubve autopsies. Old 
rheumatic lieart disease was a significant cause 
of death, particularly in the middle decades, 
while active rheumatic fever was usually sig- 
nificant only in llie early decades of life. 

Etiologrj 

PREDISPOSING CAUSES 

Age. Rheumatic fever may begin at any 
age but it usually begins in childhood, es- 
pecially between the ages of 4 and 10 years. 


Logue and Hurst (1952) reported 28 cases of 
rhetunatic fever occurring at or before 5 )’ears of 
age. In a study of 1042 children Wilson and 
Lubschez (1948) found that the mean age at 
onset was 6.3 years. The disease was observed in 
the great majority of cases between die ages of 
4 and 50 years and rarely did it begin before 
the age of 2 years. An e.xample of intra-ulerine 
rheumatic heart disease was reported by Kissane 
and Koons (1933); Schwarz (1932) reported 
rheumabc heart disease in an infant aged 17 
montlis. Of all instances of rheumatic cardiac 
disease, two-thirds begin in childhood, and one- 
third at later age periods. Over one-half (56 per 
cent) occur in adolescence. Only 16 per cent 
were 45 years or older, and only 3 per cent were 
first affected after the age of 45 (Cohn and 
Lingg, 1943). The occurrence of die first attack 
of rheumatic fever relatively late in life has been 
emphasized by Ferris and Myers (1933) who 
reported 6 cases in vvluch the first attack occurred 
after the age of 60 years. The course of the dis- 
ease is sinular to that in younger persons e.\cept 
Uiat the marufestations of the joints are possibly 
less intense and more persistent. Rogers and 
Robbins (1947) pointed out that die initial as 
well as recurrent attacks of rheumatic fever in 
the later years of life may arise in the complete 
absence of characteristic clirucal signs, progressing 
insidiously to acute cardiac decompensation and 
death. 

Although rheumatic fever usually begins in 
childhood, it should be emphasized tliat most 
rheumatic cardiac lesions are observed at 
necropsy in die older age groups. Most, but 
not all, of tliese lesions in older persons are 
quiescent or healed. 

In a chronic disease hospital, Kaufman and 
Pohakoff (1930) found 50 instances of rheumatic 
heart disease among 263 consecutive necropsies. 
Twenty-eight per cent of die group with rheu- 
matic heart disease were between the ages of 40 
and 50, and 72 per cent between 50 and 81 
years. In 16 of the 50 cases (32 per cent) chn- 
ical evidence of activity of die disease was found 
while the patients were on the wards, and evi- 
dence of tin's activity was found at necropsy. 

Tliese figures indicate that heart disease of 
rheumatic type also occurs in the later years 
of life. 

Sex. In various reported series there is a 
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sJigljtly Jjigher incidence of the disease among 
girls than among boys. 

In a senes of 696 patients reported by Wilson 
(1940), 387 were girls and 309 were boys; the 
difference in inddence was not significant. 

Climate. Rheumatic fever is especially 
prevalent in the temperate zones, is less fre- 
quent in the subtropics and is rarely seen in 
the West Indies (Swift, 19^ 1929, 1947). 

In Boston at tlie Peter Bent Brigham Hospital, 
the incidence of rheumatic fever in the years 
1914 to 1923 was 1.85 per cent of all medical 
admissions, tlie clinical incidence of mitral ste- 
nosis was 3.89 per cent, and die incidence of 
stenosis of the mitral onfice at necropsy was 4.68 
per cent, while in New Orleans at the Chanty 
Hospital those percentages from 1916 to 1923 
were 0.03, 0.08 and 0.23, respech^’ely (White, 
1951). Accoiding to Clarke (1930), there is 
about 15 tunes as much rheumatic fever in the 
temperate climates as in the tropics. Biingeler 
(1942), however, stated that rheumatic fever is 
just as frequent in the tropics as elsewhere. 

Involvement of the joints is said to be rela- 
tively mild in the southern part of the United 
States, whereas carditis may be severe. Tlie 
incidence of carditis in the South, however, 
parallels die decreased incidence of rheumatic 
fever (Nichol, 1936). Classic polyarthritic 
manifestations are said to be rare in the cen- 
tral states, whereas mitral stenosis is common. 
These observations indicate a climatic influ- 
ence on both incidence and clinical manifesta- 
tions (Swift. 1924, 1929, 1947). Jones and his 
associates (1937) advised caution, however, 
with regard to the unquestionable value of 
transportation of patients ivith rheumatic 
fever to a subtropical climate. 

Seasonal Incidence. Rheumatic fever is 
usually prevalent in localities subject to cold 
and rain and to sudden wide fluctuations of 
temperature, irrespective of geographic loca- 
tion. In this country recurrences are more fre- 
quent in winter and spring than in the sum- 
mer and fall. 

Economic and Social Factors. It is gener- 
ally thought that rheumatic fever is more 
common among the poor, although its occur- 
rence in tile higher economic levels of society 
is not infrequent 
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Coburn (1931) found a ratio of 20.T in New 
York City. In New Haven, Connecticut, Paul 
and associates (1934) found that 5 per cent of 
the school children in a poorer section of the 
city had rheumatic heart disease. This was one 
and one-lialf times the incidence of tlie disease 
in a public school in a better section of the city, 
and 8 times that in a neighboring private school. 
Wilson and Lubschez (1948), however, found 
that the majonty of the children with rheumatic 
fever surveyed in New York City came from mod- 
erately well-to-do homes of the industrial labor- 
ing class of tlie city. 

The British Medical Research Council 
(1927) did not find the economic factor to be 
of prime importance in the occurrence of the 
disease. 

Nutrition. A number of studies liave sug- 
gested that poor nutrition is a more important 
factor predisposing to the development of 
rheumatic fever than economic status. Vita- 
min C deficiency (Rinehart, 1935), high car- 
bohydrate and low protein diets (Weston, 
1948) have been regarded as important. It 
also has been demonstrated that giving pa- 
tients a nutritious diet tends to prevent recur- 
rences (Coburn and Moore, 1943). 

Familial Epidemiology. Wilson’s (1940) 
observation revealed a significantly greater 
prevalence of rlieumalic fever among families 
in whicli parents bad had rheumatic fever 
than among families in the same environ- 
mental group in which the parents had not 
had it. The data obtained by her study do not 
support the view that rheumatic activity is 
ixissed from one member to anotlmr member 
in the family. On the basis of genetic analj sis, 
hereditary susceptibility underlies the familial 
incidence of tlie disease, althougl) it prolxibly 
is not the sole condition essential for its 
development ( Roscnblum and Rosenblum, 
1941). Aside from its occurrence in fami- 
lies, epidemics of rheumatic fever have been 
recorded in dwellings occupied by more than 
one family, and in military camps, schools and 
communities (Paul, 1945). 

CXC1TI.\-C CAUSES 

Aaitc rheumatic fever has long been re- 
garded by many authorities as an infectious 
disease. The ctiologic agent responsible for 
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the disease has been a subject of much contro- 
%'ersy for many years. 

Virus. Supportive evidence Uiat a filtrable 
virus is the etiologic agent of rheumatic fever 
was presented by Schlesinger, Signy and 
Amies in 1935. They were able to obtain ele- 
mentary bodies, by centrifugation at high 
speed, of the pleural and pericardial exudates 
of patients will) rheum.ilic fever. These ele- 
mentary bodies were agglutinated only by the 
serum of patients who had active rheumatic 
fever. 

Eagles and associates (1937) also obtained 
suspensions of particles similar to the elementary 
bodies of varus infections from a variety of ma- 
tenals from p.ittenls who had acute rheumatic 
fever, rheumatoid arthritis, and chorea. Suspen- 
sions of Uiese particles were agglutinated by the 
sera of pabents who had the same disease as 
the pabent from whom the material for the sus- 
pemion was obtained. Control suspensions were 
not agglubnated b) any of the rheumabc sera. 
They viere not able to produce rheumabc lesions 
by inoculation of the virus-like bodies mto mon- 
keys MacNea! and associates (1946) reported 
that they had grown on chick embryos an agent 
from the blood of a child wiUi rheumabc fever. 
Mule (1053) stated that he had obsened under 
the electron microscope elementary bodies in 
erythrocytes of pabents with rheumabc fever. 

However, the results of studies on die viral 
etiology of rheumatic fever have not been 
conBnued. 

Bacteria. Foynton and Paine ( 1913) iso- 
lated a small diplococcus from the heart’s 
blood and other tissues in 8 cases of rheumatic 
fever in 1000. During the last 30 years the 
view that rheumatic fever is a manifestation 
of streptococcal infection has been gaining 
ground. 

Some nivesbgaturs liave held ilut it is caused 
by u speciQc strain of streptococci (anhcmoiyiic, 
Dirkluug, 1928. Streptococcus cardio-arilintuJis, 
Small, 1927). Zinsser (1931) and, at one tunc. 
Swift (1924) asserted that a sanely of diifcrcnl 
strains of iionhemulytic streptoc<x;ci were respon- 
sible. Clawson (1925) and Cecil and associates 
(1929) used special techniquL-s ami obtaiiicd a 
relatively liigli percentage of positive cultures 
from rheumatic individuals. Clawson found strep- 
tococci in more than 50 per cent of persons with 


acute rheumatic fever, but large amounts of 
blood had to be used and the organisms rarely 
grew in less than 5 days. The organisms did not 
belong to a specific group but produced a green 
color and had rather low virulence. Clawson 
(1938) and otlier workers have succeeded in 
producing subcutaneous nodules similar to those 
of rheumabc fever by the inoculation of animals 
with streptococci. Dawson (1943), Nye and 
Wajcelbaum (1930), and olliers either did not 
confirm these findings or discounted their signifi- 
cance. 

The study of Lichbnan and Cross (1932) of 
3283 consecubve blood cultures revealed that 
tlie incidence of recovery of nonhemolytic strep- 
tococci ranged from 4.0 to 15.3 per cent, with an 
average of about 6.0 per cent, m the following 
diseases, acute rheumatic fever witli polyarthri- 
tis, chronic rheumatic heart disease, rheumatoid 
arthnbs, aplasUc anemia, pemidous anemia, leu- 
kemia, cohtis, meningococc.)! meningibs, pyelitis, 
and pyelonephritis. Callow (1933) Isolated 
green-producing streptococci and pleomorphic 
bacilli with equal frequency from tlie blood of pa- 
tients with rheumabc fever and from the blood 
of pabents with nonrhcumatic diseases. Wilson 
(1940) found that 46 per cent of 67 children 
of the rheumabc series and 41 per cent of 91 
children in the control series had bacteremia. 

At present a majority of investigators seem 
to believe that organisms recovered from the 
blood of patients who have rheumatic fever 
are not of etiologic significance and probably 
represent transitory bacteremia. 

Tlie observ’ations of Coburn (1931) have 
centered interest on hemolytic streptococci as 
one of tlie responsible agents for rheumatic 
fever. Tlie concept that hemolytic streptococci 
are related in some undefined manner to rheu- 
matic fever is now' accepted by many investi- 
gators in Uiis field. 

Tlie following f.icts Iiave been listed by Spink 
(1948) as evidence in favor of this hypothesis: 

1. Upper respiratory infections causctl by group 
A hemolytic streplccocci are frequently elosely 
followed by rheumatic fever. In fact, epidemics of 
rheumatic fever have been associated with large 
numben of cases of streptococcal respiratory dis- 
fsisc. 2. Recurrent attacks of rlicumaUc fever are 
often preceded by’ strcptoeoecxil respiratory infec- 
tions. 3. Patients who have active rheumatic 
fever exhibit certain immune responses character- 
istic of invasion of Uie b’ssucs by hcmol>lic strep- 
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tococci, such as an increased titer in the seruin of 
antistreptolysin, anbfibrinolysm and anti-M pie- 
cipitins. 4. Although the sulfonamides do not 
alter the course of rheumatic fever, caiefully con 
trolled studies indicate that the prophylactic use 
of these compounds will prevent the invasion of 
hssues by hemolytic stieptococci and thereby re- 
duce tlie incidence of recurrent attacks of rheu 
matic fever. 

Evidence contrary to the widely accepted 
view, that infection with hemolytic strepto- 
cocci is responsible for the genesis of rheu- 
matic fever, has been collected by Wilson. 
Her studies indicate that the majority of 
recurrences in rheumatic children under ob- 
servation were manifest in the absence of 
accepted bacteriologic and immunologic evi- 
dence of preceding streptococcal respiratory 
infection. Although most of the children suf- 
fered from repeated respiratory infections, 
rheumatic fever followed such episodes only 
infrequently. According to Wilson, little evi- 
dence has been presented to date in support 
of the hypothesis that respiratory infection 
caused by hemolytic streptococci is responsi- 
ble for the initial attack of rheumatic fever. 
Investigations have been concerned mainly 
with the relationship of such infections to 
recurrences of rheumatic fever. 

Hormones. Selye in 1946 was able to pro- 
duce vascular lesions identical with those in 
periarteritis nodosa and hypertension, lesions 
like those of nephrosclerosis and sometimes 
of acute nephritis, and myocardial and artic- 
ular lesions similar to those observed in 
acute rheumatic fever, by giving large doses 
of desoxycorticosterone acetate or anterior 
pituitary extracts. He postulated that the dis- 
eases of man which are thus imitated by over- 
dosage of the hormone might arise as a result 
of an excessive production of endogenous 
salt-active corticoids. In this sense, these le- 
sions \\’ou]d lia\’e to be interpreted as diseases 
of adaptation. 

In support of this concept, he pointed out 
that fatigue, chills, traumatic in]unc.s, .ind mental 
upset may (xuise the relapse of rheumatic fexcr 
from a quiescent to an acute febrile state. It is 
intercsbng in this connection that Hencli and 
his to-workcrs (1949) }u\e found tliat certain 


clinical, biochemical and elecb’ocardiographic 
features of rheumatoid arthritis and rheumatic 
fever have been improved by the daily intramus- 
cular injection of either the adrenal cortical 
hormone, IT-hydroxy-ll-dehydrocorticosterone 
(compound E) or the pituitary adrenocortico- 
tropic honnone (ACTH). This may indicate that 
a lack of certain hormones, rather than their 
overproduction, is a causative factor in these 
diseases. 

PATIIOCETiESIS 

Experimental. The question as to how any 
etiologic agent produces the morphologic and 
clinical picture of rheumatic fever has re- 
ceived considerable attention. The disease is 
believed to be an allergic response of tissues 
previously sensitized by a specific or a non- 
specific streptococcal infection. 

This hypothesis was suggested by Menzer 
(1902). Later it was re-mtroduced by Herry 
(1914) and received support from the experi- 
mental work of Faber (1915), Swift (1924, 
1928, 1929, 1947), Klinge and Vaubel (1931), 
Zinsser (1931), Vaubel (1932), and Junghans 
(1934). Cross, Loeue and Eh'asoph in 1929 and 
Bruun in 1940 repeated these experiments with 
only equivocal results and concluded that they 
liad not lepioduced a true analogue of the Aschoff 
nodule. 

Numerous studies are on record of experi- 
mental attempts to reproduce rheumatic fever, 
rheumatic endocarditis and myocarditis. At first, 
attempts were made to reproduce the disease by 
introduction of streptococci into the body. Later 
efforts were made to reproduce rlieumatic fever 
by changing the immune status of animals from a 
nonnergic to a hyperergic condition by vanotis 
means and particularly by introduction of hemo- 
lytic streptococci. More recent experimental work 
concerns especial!}' the role of group A beta- 
hemolytic streptococci. 

Ricli and Gregory (1943) luwe been able 
to reproduce more closely the 5 supposedly 
pathognomonic features of acute rheumatic 
carditis. These have been listed as focal al- 
terations of collagen, Aschoff nodules, focal 
•md diffuse inflammatory lesions, focal altera- 
lions in cardiac muscle, and valvular vcrnicae. 
In animals, alteration of connective tissue was 
prominent in the endocardium near the valvu- 
lar attaclinicnts, and nodules developed about 
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the foci of damaged collagea Perivascular in- 
flammation was frequent but formation of 
nodules in the adventitia of the arteries was 
not observed. No actual \errucae with 
thrombi were noted, although the nodules 
frequently projected above the surface of 
the valve to give it a slightly warty appear- 
ance. 

As Mallory (1947) stated, the parallelism 
traced betv\een the expenmental lesions and the 
histologic findings m acute rheumatic fe\er is 
impressive if not complete. The observations of 
Rich and Gregory have been confirmed by Fox 
and Jones (1944) and McKeown (1947) but 
not by More and McLean (1949). Kyser, Mc- 
Carter and Stengle (1947) also have produced a 
similar type of myocarditis in rabbits with horse 
serum and have made the additional significant 
observation that antihislamime drugs, such as 
diphenhydramine (Benadryl), will impede the 
development of the lesions. 

Cavelti in 1947 found that rats immunized 
with combinatioiis of killed streptococci and 
rat heart or connective tissue formed auto- 
antibodies to tliese tissues, demonstrable in 
vitro; and that the animals, apparently as a 
result of the pathogenic action of these anti- 
bodies, developed changes afl'ecting chiefly 
tlie valves and tlie other connective tissue 
structures of the heart which resembled tliose 
of rheumatic fever. His hypothesis of the 
genesb of rheumatic fever is as follows: Dur- 
ing or following the streptococcal infection 
which precedes a rheumatic attack by about 
2 to 3 weeks, an autogenous antigen is formed 
by a reaction in which streptococcal sub- 
stances or their products combine with 
components of tissues, perhaps of connective 
tissue of the host This antigen incites forma- 
tion of specific antibodies which in turn pre- 
cipitate the rheumatic lesions by* reacting in 
vivo w’ith the antigen situated in the tissues. 

Clawson in 1945 was unable to produce endo- 
carditis in rats by the mjection of foreign proteins 
but was able to produce valvular lesions dosely 
resembling acute rheumatic endocarditis in a 
high percentage of rats by injecting either green- 
producing or hemolytic streptococci into the 
blood stream. Lesions similar to those of bac- 


teria! endocarditis of human beings were pro- 
duced on the same valve or on other val\<?s in 
association vv'ith tlie rheumatic-likc vegetations. 

In an interesting study, Murphy and Swift 
(1949, 1950) were able to reproduce in rabbits 
cardiac lesions, including granulomata resembling 
Aschoif bodies, by repeated intracutancous injec- 
tions, approximately at moiiUily intervals, of 
streptococci of different serologic types. Murphy 
(1952) desenbed '“myocardial-fiber Aschoff 
bodies,” by wliich he meant granulomata devel- 
oping from injured myofibers. These structures 
have large basophilic, monoimcleated or multi- 
iiucleatcd cells and an acellular necrotic creuter 
representing the necrotic myocardial fiber. The 
cellular portion of the structures may represent 
prohfemting nuclei of muscle, usually situated 
adjacent to die area of necrosis, and reactive, 
syncytia], multinucleated cell masses, probably 
of muscular origin. Murphy found these struc- 
tures in the hearts of 12 patients who died of 
active rheumatic fever. \Vc Jiave seen these struc- 
tures, especially in cluldren with acute rheumatic 
fever, but also in certain instances of hypersensi- 
tivity. We do not believe that they are specific 
lesions characteristic of rheumatic fever. Wlieii 
present in rheumatic fever, tliey may be caused 
by a different agent from that causing the true 
Aschoff bod)’. The onginal foci of necrosis tnay 
be allergic in nature. Tliese structures were ap- 
parently also observed by Asclioff (1919) \vho 
mentioned that, in addition to the specific rheu- 
matic nodules, he occasionaliy had encountered 
parenciiymalous granulomata. Robinson (1954) 
concluded tJiat further studies in rabbits infected 
with streptococci only, wiU not result in the ex- 
perimental production of rheumatic fever. 

In our opinion, tliere is only one structure 
that is characteristic of acute rheumatic fev'er 
and it is so specific tliat all experimental work 
must depend upon its reproduction. Tlus is 
the classic Aschoff body (see page K3). 
Only the experimental reproduction of an un- 
equivocal Aschoff body will solve the riddle 
of rheumatic fever. In tlie h'ght of strict 
criteria, we do not beh'eve that a true AschoS 
body has yet been reproduced e-xperimentally- 

It is fairly obvious from a review of the 
conflicting experimental data that no fiu^ 
conclusion as to the etiology and pathogenesis 
of rheumatic fever can yet be made. The e'i* 
dence indicating that the lesions of rheumatic 
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fever are the result of a hypersensitive reac- 
tion (anaphylactic hypersensitivity. Rich and 
Gregory ) is impressive but, as Mallory 
pointed out, the usual stigmata of allergy are 
lacking in cases of clinical rheumatic fever 
and direct proof of anaphylactic sensitization 
in the human being has yet to be advanced- 
Streptococcal Antigens in Serum. From 
numerous investigations of hemolytic strepto- 
cocci, based principally on the painstaking 
studies of Lancefield (1940-41), it is generally 
agreed that streptococci of group A cause 
most of the hemolytic streptococcal infec- 
tions in man. Rantz and associates (1952) re- 
potted tiiat among 895 infected children up 
to 10 years of age, tlie infection was probably 
caused by group A streptococci in 140. These 
streptococcal infections have also been cor- 
related with acute rheumatic fever by many 
investigators. Rammelkamp and co-workers 
(1952) remarked that rljeumatic fever, 
whetlter occurring sporadically or in epi- 
demics, appears to have a relatively constant 
relationship to the incidence of group A strep- 
tococcal infections and that rlicumatic fever 
develops in approximately 3 per cent of all 
persons infected with group A streptococci- 
Tlie attack rate following such streptococcal 
infections appeared to be independent of fac- 
tors such as geographic areas and clinical 
manifestations of the streptococcal infection, 
illness being initiated solely by the strepto- 
coccus of serologic group A. 

The prevalent opinion that streptococci of 
group A cause rheumatic fever in man is 
based not so much on the actual demonstra- 
tion of these organisms in blood cultures and 
certainly not on their isolation from the heart 
valves or the myocardium, but rather on the 
demonstration in the blood serum of various 
antigenic components of streptococci of group 
A. 'Hiese include streptolysin O, streptokinase, 
hyaluronidase, hyaluronic acid and other sub- 
stances, all of which are extracellular products 
of the streptococcal cell. In pertinejit tests, 
determination is made of the amount of anti- 
serum required to inhibit the biologic activity 
of a constant and standardized amount of tlic 
enzjTne or toxin. Tlie specificity of the reac- 


tion is determined by the substrate employed, 
ois., lysis of red cells in case of streptolysin O, 
lysis of a fibrin clot by plasmin in the case of 
streptokinase, and Ijydrolysis of polymerized 
hyaluronic acid and desoxyribonucleic acid 
by hyaluronidase and desoxyribonuclease, 
respectively (McCarty, 1952). 

One of the first, and the most widely used, of 
the antibody tests is the test for anhstreptoly- 
sin O. It IS sometimes maintained (McCarty, 
1952) that 80 to 85 per cent of pabents with 
rheumatic fever have a significant increase in 
concentration of antistreptolysin O and a similar 
increase in percentage of anhstreptokinase. More- 
over, 95 per cent of pabents supposedly show a 
rise in either one or the other of these antibodies. 

These antibody studies also enable the clinician 
to recognize rheumadc fever. However, it should 
be quite clear that these tests are designed for 
detection of products of the streptococcal cell. 
While most of the evidence at present seems to 
favor the streptococcal cause of rheumatic fever, 
there is sbll no conclusive evidence that a strep- 
tococcus is actually responsible for the disease. 

Abnormal proteins have been demonstrated in 
the blood serum m the acute stage of rheumatic 
fever. It has been found that, in addition to 
and distinct from the antibody response, a num- 
ber of nonspecific changes occur in the blood 
of patients with acute infectious diseases; unlike 
true anbbodies, their concentration is greatest 
soon after the onset of the illness, and with clini- 
cal recovery, they disappear. Among these 
“acute-pluise reactions” m infectious diseases and 
also in acute rheumatic fever, are elevation of 
the rate of sedimentation of erytlirocytes and 
presence of C-reactive protein. C-reacbve pro- 
tein was originally shown to be n precipitate of 
serum formed in the presence of somaUc C-poIy- 
saccharide of pneumococci. Tliis protein is said 
to be regularly present in the serum during active 
rheumatic fever but may be absent from the 
serum in conditions which may be confused with 
rheumatic manifestations (Anderson and Mc- 
Carty, 1950). However, it may be present in a 
number of otiicr diseases, such as rheumatoid 
artlmtis, subacute bacterial endocarditis, acute 
appendicitis, periarteritis nodosa, dcmiatomyosi- 
acute glomeruioncphrilis, and especially 
chronic glomerulonepliritis. Odier “acule-pliase 
reactions” in rheumatic fever include serum mu- 
coprotcin (Kelley et al., 1950) which is soluble 
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m perchloric acid and insoluble in phospho- 
tungstic acid. Significant elevations in the muco- 
protein level are found in children with bacterial 
and viral infections, so-called collagen diseases, 
malignant neoplasms, and rheumatic fever. Also 
the serum level of a nonspecific heat-labtle in- 
hibitor of hyaluronidase is elevated in acute in- 
fections, including rheumatic fever, and Good 
and Click (1950) demonstrated that this eleva- 
tion is a good index of activity of disease in rheu- 
matic fever. These reactions may in Uie future 
aid in the establishment of the diagnosis of rheu- 
matic fever, but at present the> are still non- 
specific. 

The significance of hyaluronic acid and liy- 
aluronidase in the pathogenesis of rheumatic 
fever awaits the accumulation of further 
experimental studies (J.A.M.A., 1949). A 
possible relationship between hyaluronic acid, 
hyaluronidase and rheumatic fever Is sug- 
gested by; (1) tile proposal of Klinge that 
rheumatic diseases are primarily diseases of 
the cement substance. (2) the fact that sul- 
fonamide compounds, admittedly iuacthe in 
rheumatic diseases, have no influence on hy- 
aluronidase (Guerra, 1946); (3) tlie relatively 
low quantities (one-sixtli to one-half of nor- 
mal) of plasma enzymes with anfi-invasive 
reactivity in patients witli rheumatic fever as 
compared with healthy persons (Haas, 1946); 
(4) the inhibitory action of small amounts of 
sodium salicylate on the spreading of India 
ink or dye injected together with hyaluroni- 
dase (Guerra, 1946; Meyer, 1947); (5) the 
reports of Quinn (1948) and Harris and Har- 
ris (1949) that the mean titer of an antibody 
to streptococcal hyaluronidase (spreading fac- 
tor) was significandy higher in sera of pa- 
tients with rheumatic fever than in sera ob- 
tained from convalescents of streptococcal or 
other infections, or from normal persons; die 
additional statement by Harris and Harris 
that the titer of antihyaluronidase in the sera 
correlated well widi the activity of the rheu- 
matic fever process; and (6) the observation 
in 1944 by Crowley that Types 4 and 22 were 
the only strains of Group A strept(x;occi wliidi 
did not contain hyaluronic acid, but did pro- 
duce hyaluronidase. A report from the Com- 
mittee on Rheumatic Fever (January, 1950) 


includes a statement that diere were no re- 
ported instances of rheumatic fever following 
infection with Types 4 or 22, Group A strep- 
tococci. Thus it appears likely that rheumatic 
fever occurs subsequent to an infection with 
those strains of Group A streptococci which 
contain hyaluronic acid. 

Guena is of the opinion that rapid extension 
of the involvement of inesenchym.il tissue in 
rheumatic fever suggests a partial removal of the 
protechve bamcr (h>aliironic acid?) offered by 
die tissue ground-substance. Hyaluronidase is 
one of the substances capable of overcouiiiig this 
barrier, although other enzyme systems may also 
be involved. 

Lack of specificity of the relationsliip between 
hyaluronidase and rheumatic diseases is sug- 
gested by evidence that; (I) the inacbvation of 
h>aluromdasc by human scrum is a complex re- 
action, the details of which are not >et completely 
understood; (2) die presence of inorganic ions 
such as chloride and phosphate may be as im- 
portant as die relative concentrations of hyalu- 
ronidase and serum in patients widi rheumatic 
disease (Me>er and Ragan. 1948); (3) changes 
in choiidroitin sulfates and tlieir protein com- 
plexes may be of greater import.'ince for the rheu- 
matic processes than die changes associated with 
hyaluronic acid (Me>er and Ragan); (4) Ep- 
stein and co-workers (1949) have reported that 
patients vn'di active rheumatic fever did not have 
higher anti-hyaluronidase titers llian did children 
with inactive rheumatic fever or those following 
streptococcal infection, but it was noted dial 
these workers used bovine hyaluronidase as their 
lest substance mstead of the streptococcal hy- 
aluronidase employed by Quinn, and by Harris 
and Harris; and (5) oral administration of salicy- 
lates affects the hvahironic acid in s>iiovial fluid, 
but it is unlikely that inhibition of hyaluronidase 
IS the only (or even the most significant) modus 
operand! for the known antirheuinatic effects of 
salicylates. 

Tile evidence of a relationship between in- 
activation of hyaluronidase by Intnian serum 
and tlie rheumatic diseases furnishes on in- 
teresting theory’ to e\i>lain the action of salicv’- 
latcs in rheumatic fever. However, at the 
present time tlie evidence is thought to be 
tentative rather than conclusive. 
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MYOCARDITIS 


Any discussion of rheumatic heart disease 
may well begin with the myocardium for 
three reasons. First of all, as White (1951) 
so well stated, “The myocardium is the most 
important part of the Jieart. If it is sound, a 
great deal of disease of endocardium and peri- 
cardium and great vessels, of valvular de- 
formities and septal defects, and of strain 
from hypertension can be endured for a sur- 
prising number of years; if it is seriously dis- 
eased or fails, death may come quickly even 
tliougli all the rest of the cardiovascular sys- 
tem is perfect.” Secondly, the myocardial le- 
sion is the foundation of our knowledge con- 
cerning the rheumatic injury. Tl\e modem 
study of the histopathology of rheumatic fever 
began with Aschoff’s description (1905) of the 
rheumatic nodule and his recognition that the 
nodule was the characteristic lesion of this 
disease. If one recognizes and fully under- 
stands the rheumatic nodule of the myocar- 
dium, he will understand better the various 
other histologic manifestations of rheumatic 
fever. Finally, the diagnosis of myocarditis is 
one of the most difficult for the clinician to 
make. It has been pointed out ( Saphir, 1941 ) 
that the frequency of the diagnosis of myocar- 
ditis has fallen abruptly. Not so many years 
ago, most elderly patients who died had 
"chronic myocarditis" written on their death 
certificates. Now the term is in large part 
abandoned. Such %vide swings in the medical 
pendulum indicate the lack of knowledge and 
the intrinsic diagnostic difficulties of the con- 
dition, If any improvement is to be made in 
this field of medical practice, it may well be- 
gin with a sound knowledge of the morpho- 
logic basis of the disease. 

Tile gross appearance of the myocardium 
of patients dying of active rheumatic fever 
may reveal little that is abnormal. Enlarge- 
ment of the heart is usually present and pro- 
duces a globular appearance. On opening 
tile chambers, tlie enlargement is observed to 
be the result of hypertrophy and dilatation 
of the ventricles, particularly of the left ven- 
tricle (Figure IX-1). Tliis is true even in those 


cases in which there is no mechanical em- 
barrassment, such as valvular deformities oi 
pericardial adhesions, to explain the hyper- 
trophy. The thickening of the ventricular wall 
is associated >vith thickening and lengthening 
of the papillary muscles and the dilatation of 
the ventricles is associated witli dilatation of 
the atrioventricular rings. The latter may be 
so extensive as to give rise to slight degrees 
of insufficiency or incompetence. The gross 
abnormalities of tlie heart associated with 
various valvular deformities will be discussed 
for each valve separately. 

Tlie microscopic appearance of the reaction 
of the myocardium to rheumatic injury is 
most pronounced in the connective tissues of 
the heart, but evidence of direct injury to the 
myocardial fibers also is sometimes observed. 
For the sake of clarity, the Instologic appear- 
ance will be discussed in 4 divisions: (1) focal 
interstitial myocarditis (the rlieumatic nod- 
ule); (2) diffuse interstitial myocarditis; (3) 
direct injury to the muscle fibers; and (4) le- 
sions of the conduction system. 

Focal Interstitial Mt/ocardifist The 
Aschoff Body 

Since Aschoff’s classic account (1903) of 



Fi^re IX-l. Ilj-pcrtropliy aiiJ <hlaf.ition of Jeft 
\cntriclc in acute rhcunwtic fever. I’aliint was a boy 
14 years of age. The heart wughcti 3S2 Cm. 
inaCcd normal weight, 210 Cm.). Xotu virmcao mi 
the mitral valve. 
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Figure 1X>2. AscboS nodule Early $(agc uttL 
{ibnnoid dcgeneratioo of the collagen. 

a, Mallory’s phosphotungstic aad-heinatoxybn 
stain X 213. 

h. Heniatoxylin and eosin. X 600. 

the rheumatic nodule, his assertion that the 
lesion is specific for rheumatic fever lias re- 
ceived wide acceptance. It is also now gen- 
erally recognized that, as in tuberculosis so 
in rheumatic fever, there is one fundamental 
lesion %vith characteristics that may vary with 
tlie anatomic site and stage of development 
but which nevertheless represents the essen- 
tial reaction of the tissues to the rheumatic 
injiuy. Because of tliis it is perhaps >vise to 
start this discussion of the cardiac lesions in 
rheumatic fever with a fairly thorougli de- 
scription of the rheumatic nodule. 

Altliough the histologic characteristics of 
rheumatic cardiac injury have been studied 
intensively and frequently described since 
AschofFs report in 1905, with a few note- 
wortliy exceptions (Geipel, 1905; Tliorel, 


1910; Pappenheimer and Von Claim, 1924, 
1927; and Talalajew, 1929), attention has 
been concentrated primarily on the prolifer- 
ative and exudative phases of the inflamma- 
tory reaction to the neglect of what is now 
widely accepted as the primar>' injury to the 
connective tissue. The lack of study of this 
phase of the inflammatory process is under- 
standable because it is relatively poorly de- 
veloped in tlic myocardial lesions and often 
obscured by tlic exudative and proliferative 
processes. \Vc are indebted to Klinge in par- 
ticular for renewed interest in this phase of 
the rheumatic inflammatory response. In 1933 
he emphasized tliat tlie importance of this 
primary rheumatic injury becomes api)arent 
only by the systematic study of the rheumatic 
injury as it occurs in otlicr parts of the heart, 
particularly the pericardium, and in other 
structures such as the synovial membranes, 
periarticular connective tissues and skin 
where the early alterative phase is better de- 
veloped. 

Of great importance also to an understand- 
ing of the significance of tlie rheumatic injury 
is the concept that the lesions pass through 
successive stages of development (Klinge 
1933, Gross and Ehrlich, 1934) and that tlie 
age of any particular lesion can be estimated 
by its histologic features. It must be recog- 
nized, however, that interpretation of the life 
cycle of these lesions must be qualified by Uie 
knowledge tliat reactions to tlie rheumatic in- 
jury vary with tlie severity of the infection, 
willi tlie patient, and with the organ involved. 
As Clawson (1929) in parHcuIar emphasized, 
the histologic characteristics of lesions within 
the same organ vary greatly in the e.xtent to 
vvhidi the degenerative, exudative or the pro- 
liferative phases have developed. Thus alter- 
ative, exudative or proliferative types of re- 
action may predominate or all tliree may he 
present side by side. According to Andrei 
and Ravenna (1937), the time required for 
tlie development of the various stages cannot 
be accurately predicted by tlie histologic ap- 
pearance of tlie lesion. They pointed out that 
no one knows how long a granuloma, for ex- 
ample, a tubercle, may persist and (hey ex- 
pressed the belief tliat the presence of tlie 
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Asclioff body is neither definite proof of active 
rheumatic carditis nor evidence that a phase 
of activity Jias occurred recently. 

Early (Alterative) Stage. According to 
Klinge (1933), typical Aschoif bodies are not 
present in the myocardium of patients dying 
witliin the first few weeks after onset of rheu- 
matic fever. Tlie first observable phase in ibe 
development of the rheumatic nodule is swell- 
ing and edema of the connective tissue fibers 
(Figure IX-2a, h), wliich stain intensely with 
eosin and become wax-like and refractile. 
Fusion may occur at the points where they 
cross one another. The altered tissue assumes 
the staining characteristics of fibrin and this 
leads to the term “fibrinoid swelling” or “fibrin- 
oid degeneration" of the collagen. In the 
early stages of this process, the individual 
fibrils of the connective tissue can be shown 
by silver impregnation to remain intact 
though separated as if by edema (Figure 
IX-3). In later stages actual necrosis of the 
fibrils frequent!)' occurs. In the meshes be- 
tween tlie fibers there arc fibrin-like masses 
or precipitated protein. The cellular compo- 
nents of the nodule at this early stage arc 
not increased in number but appear to be 
shrunken. Lymphocytes and plasma cells are 
usually present in variable numbers. Varia- 
tions in the relative numbers and in the ar- 
rangement of collagen fibers, cells and pre- 
cipitated protein give rise to somewhat dif- 
ferent histologic types of rheumatic nodules. 
Gross and Ehrlich (1934) have described 
small-cell, coronal and reticular types in this 
early stage. 

In some instances the so-called fibrinoid 
degeneration may be absent but in other cases 
it may be so severe that it simulates a severe 
degenerative process which may be indis- 
tinguishable from that of acute septic proc- 
esses. As Clawson ( 1929 ) has indicated, occa- 
sionally cellular exudation may be prominent 
in the lesion and abscesses may seem to be 
present. 

The interpretation of the early alterative lesion 
(fibrinoid degeneration) has aroused some dis- 
agreement. Altliough Klinge and others desenbed 
it as a true degenerative process of the connec- 
tive tissue, some (Clark ct al., 1936. Cnicf et al^ 



Figure lX-3. (Same case as Figure IX-2.) Aschoff 
nodule. Early stage with fibrinoid degeneration of 
collagen. Gomon's reticulum stain. X 580. 



Figure lX-4. Asclioff nodule, granulomatous stage. 
Giant cells are evident. Hcniatox>{in and cosin. 
a. X 110. b. X4’0. 
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Figure IX-5. AscboU aodule, granulomatous stage. 
Heniato\>Iia and cosin. 

a. Central clumps of fibnn or necrotic collagen 
X400. 

b. Giant cells with ragged c)-topUsm X960. 

1937) ha\e held ihat the fibrin-hke appearance 
and reaction of the tissue nere merely the resiJt 
of exudation of plasma and infiltration of the 
connectne tissue wth fibrin. Others (Klemperer 
et al., 1942) have regarded it as a “coagulation’' 
of the ground substance. According to Altshuler 
and Angevme (1949), the common feature of 
fibrinoid formation is the precipitation of the 
acid mucopolysacclvaride of the ground sul»tance 
of the connective tissue. The precipitant in some 
instances is probably an alkaline protein derived 
from the necrosis of tissue or the interaction of 
tile tissue with a damaging agent. 

Granulomatous Stage. The second phase in 
the development of the Aschoff body is well 
advanced one month after the onset of the 
illness. At this time proliferating and hyi>er- 
tropliied connective tissue cells and some- 
times giant cells dominate the picture (Fig- 


ure IX-ln, b). The central portion of the 
nodule usually contains a small amount of 
swollen, fragmented and occasionally necrotic 
collagen and sometimes masses of fibrin ( Fig- 
ure IX-5o). The large mononuclear and multi- 
nudeor cells usually have vesicular nuclei 
and a basophilic cytoplasm when stained with 
heiuatovj'lin and eosin. Characteristically, the 
cytoplasm has ragged edges and there may 
be pseudopods or streamers (Figure IX-ob). 
With Pappenheims p)Tonine-metbyl-green 
stain, the cytoplasm stains a brilliant red- The 
nuclei are often hj'pertrophied and may ap- 
pear pyknotic, fibrocytoid or owl-eyed, de- 
pending on the arrangement of the cliromalin. 

Tlie owl-eyed appearance of the nucleus is 
a diaracteristic of tlie Anitschkow myoev'te 
(1913). This particular cell also lus been 
called “myocardial reticulocyte" (Elirlich and 
Lapan, 1939) and “cardiac histiocyte" (Dow- 
ney, 1941). It is normally found in the heart 
and its valves. On longitudinal section the 
nucleus of this cell is elliptic and vacuolated, 
except for a serrated bar of chromatin in the 
center. Fine fibrillar structures e.\lend at right 
angles from the central bar toward and in 
many cases to tlie nudear membrane (Fig* 
ure IX-6o). In cross-section the nucleus is 
round or nearly so and has a dark mass of 
chromatin in the center from which cliromalin 
fibrillae extend, giving it an owl-eyed appear- 
ance. In normal hearts little cytoplasm is 
observed but when inflammation is present, 
cytoplasm appears in increasing amounts and 
stains more deeply w'itli hemato.\) lin. The 
Anitschkow mj'ocyte is often the chief con- 
stituent of tlie reaction of the heart to itij'uxy 
and is particularly prominent in the rheumatic 
nodule (Clawson, 1941). It constitutes the 
most characteristic feature of the lesion and 
is sometimes called “Aschoff" cell ( Bov'd, 
1944). 

The gkmt cells in the lesion are smaller 
than those of tuberculous lesions or in for- 
eign body granulomas. Their cytoplasm is 
l ess abundant and is slightly basophilic. Their 
nudei are relatively large and lobular and 
exhibit marked polymorphism. Tliese giant 
cells are few- in number, are located centrally 
and are in close relation to one another ( Fig- 
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ures IX-5i> and IX‘65 ) . In these features tliey 
resemble more closely tlie giant cells of Hodg- 
kin’s disease than those of tuberculosis. Lym- 
phocytes and plasma cells are to be seen in 
varying numbers, together with an occasional 
polymorphonuclear leukocyte. Characteristic 
also are the arrangement of the various cells 
and the perivascular location of the Aschoff 
body. Tlie cells are arranged in parallel rows, 
sometimes concentrically about the blood ves- 
sel. 

This granulomatous phase of the rheumatic 
nodule is the one that is usually described in 
textbooks as typical of the Aschoff body. As 
Gross and Ehrlich (1934) emphasized, it is 
only when tlie nodule has reached this st-age 
of development that certain diagnosis is pos- 
sible, and that the lesion is specific, differing 
from lesions found in the myocardium in non- 
specific inflammations. We believe that only 
in this stage is the Aschoff body characteristic 
and pathognomonic of rheumatic fever. This 
is the lesion tliat must be experimentally re- 
produced in order to clarify the problem of 
rheumatic fever. 

Healing Stage (3 to 6 Months). This third 
phase in the life cycle of the Aschoff body is 
dominated by regressive phenomena. The 
cytoplasm of the characteristic cells, although 
still basophilic, is diminished in amount, the 
outlines of the cells are sharp and the cells 
become spindle-shaped. Giant cells become 
scarce and the nuclei become fibrocytoid 
(Figure IX-7u. h). The spindle-shaped cells 
become transformed into fibroblasts with deli- 
cate collagenous fibrils. The entire collection 
of cells begins to assume a definite direction 
within the planes of the myocardial bundles. 
The delicate collagenous fibrils fuse into 
dense collagenous bundles and the final stage 
is tlie development of the sc.ar ivliich char- 
acteristically lies beween the muscle bundles. 
Peculiar onion-shaped scars which bro.idcn 
the perivascular connective tissue and on 
whose edge some muscle fibers are destroyed 
were described by Klinge (1933) as rheu- 
matic in origin. Occasionally they are visible 
grossly but usually they are microscopic in 
size. In 65 of 139 he.irts from p.iticn{s who 
previously had definite rheumatic fever or 


were suspected of having it, these perivascu- 
lar scars were present (Wild, 1933). Their ab- 
sence, of course, does not exclude a previous 
rheumatic infiammation. According to Rossle 
(1935) and Morpurgo (1936), healing with 
the formation of a scar may follow the early 
alterative phase of inflammation withodt^ the 
development of the granulomatous stage. 

Location. The rheumatic nodule is usually 
found near or in association with blood ves- 
sels or close to the endocardium. In general, 
it is found in relation to the adventitia of 
medium-sized or small arteries. In the myo- 
cardium they are found most frequently in 
the interventricular septum and on the pos- 
terior wall of the left ventricle. Tlie other 
most common sites, in order of frequency, 
were: left posterior papillary muscle, pulmo- 
nary conus, posterior wall of the left atrium 



< 1 . Anitsclikovv iii>c>c>to or iii>ocjrJia! r^ticu- 
loo-tci. XI360. 

b. S>'ncyllal coronal tyixs. X -135. 
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Fi^re 1X*7. A$cliofl aodulcs, healing stage. Simi- 
larity of cells tcp fibroblasts should be noted. Hema- 
totylin and cosirn a, X30. b. X85. 


and Uie myocardial wedge beUveen the aorta 
and left atrium. Clawson (1941) found them 
as frequently in tlie apex as in any other part 
of the heart. 

Size and Shape. According to Geipel 
(1003), the rheumatic nodule can reach a 
length of 8S0 micra and a widtli of 80 micra. 
Clawson ( 1041 ) stated tliat marked variations 
were noted in tlie size of the nodules. Tltey 
sometimes consisted of only a few cells near 
or surrounding blood vessels and sometimes 
they were large enough to extend entirely 
across a section more than a centimeter in 
widtJi. Tlie nodule, as desenbed by Aschoff 
(1905), W.IS rosette- or fan-shaped. It tended 
to become elongated and irregular and to ex- 
tend between the muscle fibers. According to 
Geipel, the nodules w ere round, oval or fusi- 
form. Gross and Ehrlich (19^14) described 
tliem as lieing occasionally spherical but gen- 


erally oval, dish-like or spindle-shaped. Klinge 
(1933) stated that the nodule is usually 
spindle-shaped but often appears stretched 
longitudinally. Sometimes it is plump and 
short. The shape varies wltli the anatomic 
relationsliip and the amount and the extent 
of the space available. Thus, between indi- 
vidual muscle fibers one finds small nodules, 
whereas large ones are present in tJie larger 
connective tissue spaces. 

Frequency. Figures on the incidence of 
Aschoff bodies in hearts which are the sites 
of rheumatic inflammation vary from 32 per 
cent (Libman, 1923) to 95 per cent (^Vlut- 
man and Eastlake, 1920). Clawson (1929), 
in a review of the incidence reported by vari- 
ous investigators, found that the mean inci- 
dence in 190 cases from various sources was 
69 per cent. 

Specificity. Since Aschoff’s conclusion tliat 
the inflammatory nodules described by him 
were specific for rheumatic fever, most imes- 
tigators have supported liis views. 

Workers who have held this opinion were 
Geipel (1905), Coombs (1909, 1924), Fraenkel 
(1912), Bracht and Wachter (1909), Huzella 
(1914), Thalhimer and Rothschild (1914), and 
Fahr (1921, 1930). More recently Gross and 
Ehrlidi (1934) and Saphir (1941, 1942) have 
re-emphosized this view'. 

In support of this opinion it has been stated 
that: (1) The nodules have distinctive histo- 
logic characteristics; (2) they are frequently 
encountered in acute rheumatic fever while 
the characteristic Aschoff bodies are never 
found in oUier acute infectious diseases; and 
(3) nodules of similar morphologic and stain- 
ing diaracteristics have not been produced 
experimentally. 

Clawson (1941), however, lus contended 
that the type of inflammation found in the 
rheumatic nodule in man cannot be said to 
be characteristic because of the following 
reasons: (1) In a relatively high percentage 
of cases of acute rheumatic endocarditis the 
Aschoff nodules are not found in the mvo- 
cardium; (2) they are not infrequently found 
in the heart in cases of nonrheumatic infec- 
tious disease; and (3) nodular areas witli a 
similar morphologic cellular appearance have 
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frequently been produced experimentally in 
rabbits by tire injection of streptococci. 

With respect to the first reason, the frequency 
of finding of true Aschoff bodies in fatal cases 
of acute rheumatic fever probably depends upon 
the number of blocks examined from tlje myo- 
cardium. In a study of subacute bacterial endo- 
carditis superimposed on rheumatic endocarditis 
in children, in which numerous sections were 
taken from the myocardium, we were able to 
find Aschoff bodies in every one of the hearts, 
in a diligent search in a number of other condi- 
bons, we have never found any characteristic 
Aschoff bodies. Concerning structures resembling 
Aschoff bodies in scarlet fever, and bodies de- 
scnbed by Bracht and Wachter (1909), see page 
744. On the other hand, however, we have seen 
Aschoff bodies m the myocardium of children 
who died of diphtheria or other infectious disease, 
but invesbgation of the past history always dis- 
closed that tlie patient’s final illness was preceded 
or complicated by acute rheumab'c fever. 

As stated above, we are not convinced that 
typical Aschoff bodies have ever been produced 
experimentally, A scrubny of relevant photo- 
micrographs and tiicir companson witli the typi- 
cal body in the granulomatous stage should be 
revealing to the unbiased observer. Lesions re- 
sembling the bodies and so-called healing Asch- 
off bodies must not be accepted as evidence. 
We fully realize that, if we are to adhere to such 
rigid criteria for identification, we may fail to 
recognize certain Aschoff bodies, and thus fail 
to make a diagnosis of rheuniabc myocardih's. 
On the other hand, we will be less likely to err 
if cellular infiltrations resembling Aschoff bodies, 
regardless of their location in the heart, are not 
accepted as true Aschoff bodies. These strict 
criteria are of particular importance today in the 
evaluation of experimental work claiming to re- 
produce rheumabc fever, since certain hyper- 
ergic reacb’ons in the myocardium closely resem- 
ble Aschoff bodies. For a discussion of so-called 
“myofiber” Aschoff bodies, see page 650. 

It is obvious that the specificity of the 
Aschoff body is a higlily controversial sub* 
ject. Conclusions from the mass of conflicting 
data and opinions are difficult. It is our opin- 
ion that the typical Asdioff body in Its fully 
developed granulomatous stage is as spcciflc 
for rheumatic fever as tlie tubercle is for tu- 
berculosis. Patliologists, however, are not 
satisfied with knowing the histologic reaction 


of the infectious agent but demand in ad- 
dition that the causative agent be demon- 
strated by either histologic or cultural metli- 
ods or by animal inoculation. Since this is not 
possible in the case of rJieumatic fever, the 
demonstration of the typical rheumatic nod- 
iJe in its granulomatous stage of development 
is the best evidence available on which the 
pathologist may base the diagnosis of rheu- 
matic fever (Mallory and Keefer, 1941). For 
tills reason, utmost caution is recommended 
before accepting structures as Aschoff bodies. 

Golden and Hurst (1953) described altera- 
tions in the lesions of acute rheumatic myocarditis 
during cortisone therapy. The most striking find- 
ing was atypical myocarditis characterized by 
extensive fibnnoid degeneration of the collagen 



Figure IX-8. DiFusc ni)ocaidijl inilammation in 
rheumatic heart disc.-isc. Hcinatox>hn and cosin, 

a. Diffuse infiltration ualh i>o]}'niorphonuclcar 
cdh. X160. 

b. Diffuse inilainmaUon uidi presence of large 

basophilic cells. X 105. 
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Figure IX-9 Aschoff nodule with destrucbon of ad- 
jacent muscle fibers. Hematoxylin and eosin X 160 


but wiUi no or little cellular reacbou. They felt 
that their findings do not indicate that corHsone 
to any degree prevents the injury to connective 
tissue that is associated with rheumatic fever 
and concluded that, despite hormonal therapy, 
the lesion of acute rheumabc fe\ er runs its natu- 
ral course. 

Diffuse Interstitial Myocarditis 
Although diffuse rheumatic inBammalion 
has received little attention compared to that 
given the rheumatic nodule, it may be of 
greater clinical importance. Clawson (I940fl) 
stated that it is present in about 18 per cent 
of cases of acute rheumatic myocarditis. 
There are great variations in the extent and 
appearance of tliis inflammation. The lesions 
usually consist of edema of tlic connective 
tissue witli such cellular elements as lympho- 
cytes, plasma cells and macrophages. Occa- 
sionally many polymorphonuclear cells (Fig- 
ure IX-8a ) may be seen and on rare occasions 
a predominance of eosinophils is noted (Wat- 
jen, 1921). Tlie diffuse myocardial lesions arc 
most prominent at tlie base of the valve leaf- 
lets. 

Romberg (1894) and Takay.asu (1909) liave 
described large epithelioid cells in tlie diffuse 
inflammation which have an identical appearance 
u'ltl) the cells of the rheumatic nodule (Figure 
lX-8h). Skvvorzoff (1938) has indicated tliat 
diffuse exudative inflammation either may be 
found about the specific rheumatic granuloma 
(a penfocal inflammation) or it may appear in- 


dependently as a hyperergic reaction analogous 
to the exudabve inflammation of joints and peri- 
cardium. He was particularly impressed by the 
fact that patients who had extensive exudative 
lesions were principally children and presented 
au extraordinarily severe course witli a clinical 
picture of myocarditis and a rapidly fatal out- 
come. 

Saphir and Langendorf (1953) described 
inteistibal nonspecific myocarditis in the heart of 
every one of their padents who died of acute 
rheumatic fever. They suggested that the elec- 
trocardiographic changes in acute rheumadc 
fever are caused by nonspecific myocarditis 
rather than by the presence of Aschoff bodies in 
the interstitial tissue. The nonspecific changes 
include necrosis of muscle, interstitial myocardi- 
tis and serous myocarditis. 

Direct Myocardial Damage 

The discrepancy so frequently observed be- 
tween the degree of functional impairment 
and the minor morphologic signs of inflamma- 
tion demonstrable by the patliologists has led 
many to postulate and search for evidence of 
direct injury to the myocardial fibers. The in- 
adequacy of histologic methods to demon- 
strate such changes, so deplored by Coombs 
(1907, 1909, 1924), many years ago, still re- 
mains. 

Direct injury to the heart muscle is ob- 
served in the vdcinity of tlie rheumatic nod- 
ules and has been interpreted to be the result 
of pressure atrophy of the muscle fibers (Fig- 
ure IX-9). Rich and Gregory in 1943 stated 
that necrosis of small foci of cardiac muscle 
occurs but tliat it is slight or absent in many 
of tlie less severe instances of rheumatic car- 
ditis. Such slight and nonspecific changes as 
cloudy swelling and wa.\y degeneration of 
the muscle fibers have been described, 
Coombs in 1934 stated that infiltration of the 
muscle cells with fat was the most definite 
phenomenon seen but it is not found in every 
case and it also is a feature of the later stages 
of die disease when active inflammation has 
subsided. Rarely, infarction of the myocar- 
dium is observed (Klinge, 1933) as a result 
of occlusion of a small vessel damaged by tlie 
rheumatic lesion. This may' well be the ex- 
planation for a case of cardiac aneury'sm re- 
ported by Parkinson and his associates in 
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1938 and attributed by Turnbull to rheumatic 
necrosis of the myocardium. (See page 650 
for reference to "myocardial-fiber Aschoff 
bodies” described by Murphy, 1952.) 

Lesions of the Conduction System 
Impairment of the atrioventricular conduc- 
tion is common during the course of acute 
rheumatic fever. The incidence of defects in 
conduction in this disease varies with dif- 
ferent authors, ranging from approximately 
27 to 87 per cent ( Bruenn, 1937 ) . Reports of 
histologic studies of the bundle of His de- 
scribe lymphocytic infiltrations in the region 
of the node and trunks, fibrous degeneration 
of the bundle of His with calcification and 
swelling of collagen. In active rheumatic 
fever, Gross and Fried (1936) were able to 
demonstrate a variety of inflammatory and 
vascular phenomena m the conduction system 
by a few representative sections in 66 per 
cent of cases. It is probable that a study of 


more sections would have indicated a higher 
incidence. 

Few of these lesions were of a specific or 
highly characteristic nature. Aschoff bodies were 
found in the bundle of His in only 2 of the 60 
cases of achve rheumatic fever. Edema of the 
bundle was observed in only 15 per cent of 
cases. More frequently there were accumulations 
of lymphocytes and occasionally polymorpho- 
nuclear cells, plasma cells, macrophages and 
young fibroblasts. Vascular lesions, such as inti- 
mal thickening and hypertrophy of the media, 
were observed frequently and thrombosis rarely. 
In cases of inactive rheumatic fever, few lesions 
were found in the bundle. 

In view of the frequent occurrence of le- 
sions of the conduction system, it would seem 
unnecessary to ascribe impairment of atrio- 
ventricular conduction to either the direct 
effect of toxins on the conduction system or 
to an increase in vagal tone, as suggested by 
Bruenn. 


ENDOCARDITIS 


Valvular Inflammation 
General Considerations. Tlie term “endo- 
carditis” has been used almost universally to 
denote tlie valvular lesion of rheumatic fever. 


Although thus honored by custom and usage, 
even a cursory histologic examination of an 
affected valve reveals tlie inadequacy of the 
term. Tlie basic lesion is not an endocarditis 



Figure lX-10. a. Acute rliaiiUJtjc Jiutral cnclocardilis. Vcrnicac on line of closure and in- 
volvement of left atnum. b. Acute fhcumatic aortic endocarditis. 
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Figure IX'll. Acute rheumatic valv-uLtis. Hcma* 
toik>lin and eosln. 

a. Mitral valve. Focus of fibnnoid degeneration 
may be noted on provimal (atnal) surface and granu- 
lomatous nodules in the substance of tlie leaflet There 
15 a suppurative reaction on tlic distal (venincular) 
surface. X So. 

b. Mitral valve. Bandlike zone of fibnnoid ne- 
crosis w-itb giant cells X 173. 

but an inflammatory process of the valve 
proper — a valvul itis with secondary involve- 
ment of the endocardial surface. In tlic de- 
scriptions of valvular lesions in tliis chapter, 
tlie terminology used will be tliat outlined by 
Gross and Kugel in 1931 in tlieir study of the 
topographic anatomy and histology of tlie 
valves of the human heart. In tliis chapter 
the term cusps will bo used to designate the 
component parts of a semilunar >alve and 
leaflets, the component parts of an atrioven- 
tricular valve or of an unspecified valve. 

Gross evidence of rheumatic inflammation 
is commonly observed in the mitral and aortic 
valves, less frequently in tlie tricuspid, and 
rarely in tlie pulmonary. 


Clawson (1945) reported that “of the 780 
cases of rheumatic heart disease in which the 
\'alvcs were aflected, there was involvement of 
the aortic or mitral or both valves in 779 (99.5 
per cent).” In 44 (3.6 per cent) the valves on 
the nght side of the heart were affected and in 
all of these, except one case in which a pulmonic 
valve only was affected, aortic or mitral involve- 
ment was associated (Clawson, 1940 j). Histo- 
logic examination, however, discloses evidence of 
inflammation in the tricuspid valve as fiequcntly 
as in the mitral and aortic (Gross and Friedbcrg, 
19.38) 

Age and Sex. Disease of the mitral vahe 
commonly occurs in youtlis and in persons of 
middle age and is more common in females 
than males in a ratio of three to two. Rheu- 
matic disease of tlie aortic valve extends from 
early childhood to extreme old age. It is com- 
monest in middle and old age; tlie ratio of 
occurrence among males compared to females 
is 3 to 1. 

Acute and Subacute Valvulitis. Incidence. 
Clawson (1940a) studied 796 cases of rheu- 
matic heart disease at necropsy and classified 
93 as cases of acute rheumatic endocarditis 
(Table IX-1). 

Gross appearance. The most conspicuous 
lesions in the early phases of valvular in- 
flammab'on are the tiny translucent nodules 
(vcjTucae) which form along the lines of 
closure or contact (Figure IX-lOo, b). They 
vary in size from less tlian 1 mm. to 3 mm. 
and are located on tlie atrial surface of the 
mitral and tricuspid valves and on the ven- 
tricular surface of the semilunar v'alves. Occa- 
sionally tliey are distributed elsewhere over 
the cusps. In later stages of the disease the 
nodules become more opaque and w’arty and 
are red-gray or tawny. Tliey arc finii and are 
not easily dislodged. Tliey may be arranged 
simply in a row or in clusters of two or three. 
Occasionally they are fused for a consider- 
able distance and form a pyramidal ridge 
along Uie line of closure. They may be ob- 
served also on the chordae tendineae and 
rarely on the papillary muscle. Not infre- 
quently they extend over tlie posterior leaflet 
tlie mitral valve and onto the endocardium 
of the left atrium. The nodules tend to form 
conglomerate mounds on the corpora arantii 
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of the aortic valve and from there extend in 
rows along the semilunar cusps. 

Diffuse thickening of the valves, with the 
exception of tlie pulmonic, is a less conspicu- 
ous but frequent gross alteration. The scal- 
loped, concave margins of the atrioventricular 
valves are usually thickened and straight. 
Occasionally there is an irregular roughening 
and rarely slight vascularization of the atrial 
surface of tlie atrio^'entricular valves. The 
normally sharp margin of the cusps of the 
aortic valve frequently becomes slightly thick- 
ened and rounded. 

Histologic appearance. The inflammatory 
process may be present in any portion of the 
leaflet but is observed most frequently in the 
proximal layers of the valve ( auricularis 
layer of the atrioventricular valve and vei>- 
tricular layer of the semilunar valves) with 
involvement of the spongiosa. Two varieties 
of inflammatory response may be observed 
which for descriptive purposes can be distin- 
guished as nonspecific and specific (rheu- 
matic) inflammation. 

The nonspecific inflammatory process may 
involve die entire leaflet or cusp as well as 
the ring, and consists of edema, increased 
numbers of capillaries and a variety of in* 
flammatory cells. These cells are chiefly 
lymphocytes but occasionally polymorplionu* 
clear cells predominate. Rarely are these 
cells so numerous as to suggest phlegmon 
(Klinge, 1933). Plasma cells, fibroblasts, 
macrophages and other mononuclear cells are 
often present in variable numbers. 

If the inflammatory process presents only 
these features, it does not differ from valvu- 
litis of other causes. In most cases, hmvever, 
there is also, as Bulloch in 1908 and Coombs 
in 1909 pointed out, proliferation of peailiar 
large cells which resemble young fibroblasts 
(the Aschoff cells already desenbed). Tliese 
may be arranged in nodules or in rows and 
generally surround foci of intensely eosino- 
philic fragmented collagen (Figure lX-11). 
Tliis is the so-called fibrinoid swelling and 
degeneration of collagen described by Neri- 
mann (1896) and emphasized in recent years 
by Klinge. According to the latter, the fibrinoid 
swelling of the connectir'c tissue is tlte pri- 


mary injury to the valve and this may go on 
to degeneration and necrosis. The prolifera- 
tive stage follows and consists largely of col- 
lections of the large Asclioff cells. They 
may occur singly or after fusion, as multi- 
nuclcated giant cells. In many cases the fi- 
brinoid degeneration of the collagen occurs 
as a bandlike lesion, including a considerable 
portion of the leaflet (Figure IX-ilb). Not 
infrequently the band of fibrinoid degenera- 
tion is found directly beneath the endothelium 
of the proximal surface (Figure IX-12). In 
these instances tlie proliferating cells may be 
found perpendicular to the altered collagen 
in a palisaded arrangement. 

Gross and Friedberg in 1936 emphasized 
the occurrence of lesions in the valve rings in 
acute and subacute rheumatic fever. The in- 
flammatory process is similar to that in the 
leaflet and Aschoff bodies are present in the 
valve rings in approximately 10 per cent of 
cases in which Uie patient died during tlie 
first attack of rheumatic fever. The almost in- 
variable presence and severity of lesions of 
the valve rings in the active stages of rheu- 
matic fever, together with the fact that tliese 
rings may be the only part of the valve 
affected, suggested to Gross and Friedberg 
that this is probably the first portion of tlie 
valve leaflet involved by the rheumatic proc- 
ess. In the great majority of their cases all 
the valves were involved, and involvement of 
only one or two valves was the exception. 



Figure lX-12. Acute rlieurnaUc puimonary tabu- 
litis. Cnmuloniatous nodule In substance of cusp. 
Hematoxylin and cosm. X 200. 
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Figure IX'13. Vemicae in acute rlieumaUc vaKuliUs 
Hematoxylin and eosin. 

a. Granulomatous inflammation of substance of 
feaflef *nth a platei^ of hbnn ihfomhtis iuperim- 
posed. X 90 

b. Extruded i>ortion of valvular collagen vvlucli 
has undergone fibnnoid degeneration. X 150. 

Histologic appearance of verrucae. Tliese 
may have tite appearance of platelet and 
fibrin thrombi deposited on tlie surface of 
the valve and stain intensely with eosin 
(Figure IX-13a) or they may appear as an 
extruded portion of collagen which has under- 
gone fibrinoid degeneration (Figure IX-13h). 
In eitlier case tliere is a marked proliferation 
of fibroblasts in the region immediately ad- 
jacent to the vegetation, as well as edema and 
numerous lymphocytes. 

Pathogenesis of verrucae. For a long time 
the viewpoint had been held that the patho- 
logic changes in the x’alves consisted essen- 
tially of a piling up of thrombotic masses 
which came from the blood. Neumann in 


1896, Bulloch in 1908, Coombs in 1909 and 
Swift in 1924 emphasized the appearance of 
the earliest changes in the subendothelial lay- 
ers. Coombs stressed the predominance of 
tlic proliferative reaction in the valves and 
pointed out that the deeper structures reacted 
l>efore there was evidence of injury to the 
endothelial surface. These observations led to 
the concept that damage to the deeper struc- 
tures of the valve occurred first and the forma- 
tion of vegetations followed later. Although 
this concept is now generally held (Clavvson 
and Bell, 1926, Holsti, 1927; Darre and 
Albot, 1929; Shaw, 1929; Jaife, 1938), the 
mode of production of verrucae is still dis- 
puted. Some workers believe that vemicae 
represent accumulations of platelets and fibrin 
(Lcarv', 1932; Hadficid and Carrod, 1947; 
Hall, 1948). Others tliink that vemicae arc 
the result of disintegration and fusion of pro- 
liferating cells on the superficial layers of 
the valve leaflets together with swelling and 
eosinophilic changes (Cross and Friedbcrg, 
1936). According to Neumann (1896) and 
others, verrucae are extrusions of foci of fibri- 
noid degeneration and necrosis, vvlule still 
oUiers believe that they represent a combina- 
tion of fibrinoid degeneration with deposits 
from the blood stream (Koniger, 1903). Tliis 
latter view is in accord with most of our ob- 
servations although in some instances we liave 
confirmed Neumann’s observations (Figure 
IX-13h). Tlie location and arrangement of tlie 
vegetations give dues as to their pathogenesis. 
The fact that their commonest site is the 
mitral valve and tliat they appear along its 
line of closure indicates their mode of forma- 
tion. 

As Hadfield and Carrod (1947) have empha- 
sized, the mitral valve closes against the higiiest 
pressure exerted anywhere in the circulatory 5)S- 
tem, and the impact of its surfaces and the 
mutual compression of those surfaces during sys- 
tole constitute a degree of mechanical trauma 
which, although sustained witliout injury’ by a 
healthy endocardium, is sufficient to caus^ a 
breach of the surface when an inflammatory 
focus (the rheumatic nodule) lies immedi.itely 
beneath it. The superficial destruction of endo- 
thelium occurs along the line of closure, and 
along this line ako extrusion of collagen occurs 
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and platelet thrombi niay be deposited. The im- 
portance of high pressure and greater mechanical 
trauma are illustrated, according to Hadfield and 
Garrod, by the behavior of the valves on the 
right side of the heart. 

Vegetations are found on the tricuspid valve 
in only about 40 per cent of all cases, if this 
were simply tlie result of lower pressure on 
the right side of tlie heart, it would be ex- 
pected that in conditions producing a rise 
of pressure on that side, tricuspid vegetations 
would be common. This is actually the case. 
If the disease recurs after mitral incompe- 
tence has been established, vegetations on 
the tricuspid and pulmonary valves are fre- 
quently found at necropsy. 

Recurrent Valvulitis. Incidence. In the 
group of 796 cases of rheumatic fever studied 
at necropsy by Clawson (1940a), 76 cases 
(9.5 per cent) gave evidence of recurrent 
rheumatic valvulitis (Table IX-1). 

TABLE IX-1 

Types of Rheumatic Heart Disease Ecicoiuitcred 
in 796 Cases at Necropsy (From 
Clawson, 1940) 



Cases 

Per Cent 

Acute rlieumatic endocarditis 

98 

12.3 

Recurrent rheumatic endocarditis 

76 

95 

Valve deformities 

586 

73.6 

Incompletely healed 

113 

193 

Completely healed 

239 • 

40.8 

Calcified, nodular, aortic 

234 

393 

Adherent pericardium 

30 

4.5 


• See second footnote to Table IX-2. 


Cross appearance. As a result of repeated 
attacks of rheumatic fever, gross alteration in 
the valves becomes more pronounced. Thick- 
ening, irregularity of the surface and gross 
vascularization are usually present and arc 
most prominent in the mitral valve. With 
repeated attacks the thickening tends to be- 
come more severe in the distal third of the 
valve cusps. In the mitral valve tlie thickened 
tip may be prolonged over tlie insertions of 
the chordae tendineae (Figure IX-14n). The 
chordae tendineae become thicker and shorter 
and Uie papillary jnusclcs are mueJj closer to 
the margins of the cusps. The thickening of 
tlie chordae tendineae is particularly promi- 
nent at their insertions into the leaflet where 
they appear to be absorbed into the latter. 


Vemicae in various stages of activity and 
healing may be observed. Sometimes they 
can be seen to be superimposed on a ridge of 
older verrucae at the line of closure, and in 
otlrer instances a parallel row of fresh verru- 
cae can be discerned (Figure IX-14h, c). 

Tile aortic cusps, in addition to thickening, 
may reveal considerable shortening as a re- 
sult of rolling and inversion of the free mar- 
gins of the cusp toward the sinus pocket 
(Figure IX-15tt). The cusps may also present 
adhesions at the commissures and verrucae in 



Figure IX-M. Recurrent mitral valvulitis. 

a. TIuckemng of valve IcaQct with prolongation 
over cliorJac tendineae. 

b. Paralkl rows of old ai>d recint vvrruc.tc. 

c. Recent verrucae on a previoiusly damagt^l 

leaflet. 
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Figure IX*15. necurrent valvoiiitis. 

a. Aortic valve. Recent verrucac may be noted 
on a previously damaged cusp. 

b. Tricuspid valve. 

various stages of activity. Tlie latter may ex- 
tend from one cusp to another across the 
commissures. Abnormalities in tlic valve pock- 
ets include verrucous ridges and folds. An 
interesting feature of recurrent valvulitis is 
the higher incidence of vemicae on the valves 
of the right side of the heart (Figure IX-151>). 
This may be related to tlie increased pressure 
in the pulmonary circulation following de- 
formity and dysfunction of the mitral valve. 

Histologic appearance. Whereas the thick- 
ening of the valves in acute and subacute 
valvulitis is tlie result only of edema and in- 
flammation, in recurrent valvulitis there is 
evidence of considerable fibrosis and elastic 
tissue proliferation in addition to inflammatory 
changes in various stages of activity. The in- 
flammatory cells are predominantly lympho- 
cytes witli smaller numbers of polymorpho- 
nuclear cells, plasma cells and macrophages. 


The fibrosis and inflammation involve the 
rings as well as the leaflets, and Uic fibrous and 
clastic tliickening is particularly prominent at 
the subvalvular angles. The interv’alvular 
fibrous tissue is almost always involved also. 
In striking contrast to the appearance of acute 
>'alvulitis is the presence of numerous arteries 
witli thick muscular walls in the ring and Jeaf- 
leL In cases of longer duration, the walls of 
tlicse vessels become fibrolic. Tlie increased 
vascularity is one of the most conspicuous 
features of recurrent valvulitis (Figure IX- 
16ri). Anollier distinct difference from tlie 
appearance of the leaflet in acute valvulitis 
is tlic marked fibrosis and thickening of its 
tips. Tliere are usually more ^e^rucae in re- 
current valvulitis and many of them show evi- 
dence of organization. In the valve pockets 
the endocardium is usually thickened, and 
sometimes inflammatory polypoid vascular 



Figure 3X-16. Recurrent rheumatic valvulitis. He- 
matoxylia and eosin. 

a. Tip of mitral valve. X SO. 

b. Polypoid projections in subvalvular angle. X 60. 
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TABLE IX-2 

Combinabons of Valve Involvement in 779 Subjects with Rheumabc Heart Disease 
(From Clawson, 1940) 


i 

1 

M 

T 

^ 1 

.fAf 

JT 

JP j 

JMT 

^MP 

JMTP 

MT 

MTP 

TP 

Total 

Acute rheumatic 

1 2 1 

41 ' 

0 

1 

24 

^ 1 

0 1 

10 

0 ' 

9 

9 

0 

0 

98 

Recurrenr rheumatic , 

Valve deformities. 

2 

21 

0 

U 1 

JU 

1 

0 ; 

n , 

1 1 

4 

6 

0 : 

0 

76 

Incompletely healed i 


65 

0 

^ 1 

28 

^ 1 

0 

8 , 

^ 1 

1 

7 : 

0 

0 

113 

Completely healed 

17 1 

149 

0 

1 1 

45 

0 1 

0 

li 

0 1 

0 

9 

0 

0 

238t 

Calcified, nodular, aortic ' 

IJb 1 

0 

0 

0 

92 

1 

Q 

5 1 

0 

0 : 

0 

0 

0 1 

234 

Adherent pericardium i 

6 I 

11 

0 

0 

2 

0 

0 

1 1 

0 

0 1 

0 

0 

0 j 

20 

Totals 

167 1 

1 289 1 

0 

1 2 

221 

1 2 

0 

S2 

, 1 

14 1 

, 31 

0 

0 1 

, 779 


" A, M, T and P represent first letters of valves affected, 
f Clawson reported data on only 238, not on 239 cases indicated in Table IX-1. 


projections of the endocardium (Figure IX- 
16b) are present (Gross and Friedberg, 1936). 
In addition to these various nonspecific signs 
of inflammation, Aschoff bodies frequently 
are found in the fibrosa or spongiosa layers 
of the leaflets. 

Chronic Valvulitis. This condition is en* 
countered at autopsy after one subsiding or 
several recurrent bouts of rheumatic fever 
without recent exacerbation. In other words 
the end results, usually of repeated attacks, of 
rheumatic inflammation may be noted and 
the last attack before death may be subsiding 
but the lesion has not yet completely healed. 
This concept is in accord Nvitb the idea that 
rheumatic fever is a disease of recurrent acute 
attacks rather tlian a sustained chronic inflam- 
matoiy process. 

Incidence. In 113 of 796 cases of rheumatic 
heart disease Clawson (1940a) found valvular 
deformities which were incompletely healed 
(Table IX-1). In 4 of tliese 113 cases die 
aortic valve was involved alone, in 65 the 
mitral alone, in 28 the aortic and mitral valves 
were involved, in 8 the aortic, mitral and tri- 
cuspid, in 1 the aortic, mitral, tricuspid and 
pulmonic and in 7 the mitral and tricuspid 
(Table lX-2). 

Gross appearance. The changes already 
described in recurrent valvulitis are present 
and arc more advanced in cases of clm>nic 
valvulitis (Figure IX-i7c, b). Usually the 
thickening and fibrosis have resulted in a loss 
of elasticity and narrowing of the orifice. Oc- 
casionally retraction and curling have led to 



Figure ZX-17. Chronic *ahvliUs. 

a. Mitral val\o \wlh severe steiiosis of orifice. 
Note greatly enlarged left alrinm. Tliickcning and 
defonruty of leaflets and Uiic-kening and shortening of 
(bordas tcndincac. 

b. Aortic vaKe. Fusion of cusps and rolling of 

Uie free margins are noticeable. 
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Figure IX-18. Chrome mitral valv-uliiu. Hematoxy- 
lin and cosin 

a. Note fibrosis and paucity of inilainmntory ccih. 

X 8. b. X 85. 

more insufficiency than stcjiosis ( Clawson, 
Bell and Hartzell, 1926). Thickening, fusion, 
absorption and shortening of the chordae 
tendineae are severe, and not infrequently the 
papillary muscles are almost in contact with 
the margins of the valve. The normally sharp 
pocket angles of tlie atrioventricular valves 
are broadened. Occasionally fibrous adhesions 
extend from the leaflet to the ventricular waU 
and obliterate the angle. The regions of the 
valve rings and the subvalvular angles are 
thickened and prominent. 

In addition to severe diiluse thickening of 
the leaflets, there is evidence of deposition of 
calcium salts. These deposits may further 
distort the leaflets and may project throu^ 
to the atrial and ventricular surfaces. In the 
aortic valve the calcium is found in the region 
of the noduli and in the commissures as well 


as in the cusps themselves. As a result there 
is much more distortion than in acute or re- 
current inflammation and the cusps are rigid. 

Tlie rheumatic verrucae are less frequent 
than in recurrent valvulitis and arc broad and 
flat. Occasionally nonspecific vegetations are 
found on valves which are the seat of chronic 
inflammation, as well as in completely healed 
deformed valves. These vegetations consist 
essentially of nnninfected tlu'ombi and are not 
related to active rheumatic inflammation. 
Tlicy are usually flat and they form on the 
line of closure or on calcified or ulcerated 
areas unrelated to the line of closure. 

flistologic appearance. Signs of active in- 
flammation arc less pronounced than in recur- 
rent valvulitis. The thickening which is ap- 
IMrcnt grossly can be seen to be the result 
of increased fibrous and elastic tissue through- 
out the entire leaflet, including the rings and 
the tips of die leaflets. Lymphocytes and 
other inflammatory cells tend to disappear and 
the fibrous connective tissue has become more 
homogeneous and hyaline (Figure IX-18o}< 

In the valve rings the annulus frequently 
is Iwalinized. The posterior mitral leaflet fre- 
quently reveals the greatest thickening but 
active inflammation is more likely to be noted 
in the tricuspid leaflets. All valves are vascu- 
larized by capillaries and thickwalled vessels 
which are more numerous on the superficial 
layers (Figures IX-18h and IX-19). Calcifica- 
tion is common in the leaflets and the lime 
salts may be distributed diffusely or in the 
form of large nodular masses. In the ring the 
annulus may reveal calcification and forma- 
tion of bone. 

The verrucae are organized by fibroblasts 
and there are many new collagenous fibers. 
As healing progresses, the fibroblasts decrease 
in size and finally disappear altogether. The 
central part of the verrucae becomes a scar- 
like structure. The thrombotic vegetations 
which form on the line of closure of the valves 
and on calcified and ulcerated portions of 
the deformed valves have a hyaline appear- 
ance and seem to be formed largely of 
platelets. There is little or no cellular reaction 
at the base. They rest on the scar-like hyaline 
connective tissue of the leafiet, and the throm- 
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bus shows little or no tendency toward organi- 
zation. 

Healed Valvulitis (Valvular 
Deformities) 

In this section deformities which result 
from rheumatic inflammation will be con- 
sidered. It should be emphasized, however, 
that not all valvular deformities are rheumatic 
in origin. When a valvular deformity is en- 
countered either in the clinic or at necropsy 
the clinical or morphologic data may not give 
suJEcient evidence to permit the etiologic 
factors involved to be determined satisfac- 
torily. At present the tendency is to regard all 
such lesions, particularly when the mitral 
valve is affected, as rheumatic in origin. The 
wisdom of sucli dogmatism may well be ques- 
tioned. It does not seem that enough is known 
concerning the valvular damage in a wide 
variety of to.xio, infectious and metabolic proc- 
esses to dismiss all etiologic possibilities ex- 
cept rheumatic fever in the interpretation of 
any valvular deformity. 

In this connection such studies as those of 
Baldassari (1909), Czirer (1913) and de Vecchi 
(1931) should be mentioned. These investigators 
found histologic evidence of acute valvulitis in 
children in the presence of such diverse diseases 
as scarlet fever, diphtheria, bronchopneumonia, 
meningitis and tuberculosis without gross evi- 
dence of valvular damage. From these studies it 
seems possible that patients, especially children, 
who survive such infectious processes (Siegmund, 
1931) also have acute valvulitis which in some 
instances may heal and result in valvular deformi- 
ties. The same may be postulated for the healed 
stage of bacterial endocarditis (Sapliir, 1941, 
1942; Moore, 1946). The scarred end-stage of 
any inflammatory process rarely gives patliogno- 
monic signs of the original etiologic agent. 

In a number of cases of clear-cut rheumatic 
disease, certain morphologic changes are found 
in the heart which have been co\ered by tlie term 
"rheumah'c stigmata.” These involve changes in 
the pericardium, the left atrium, and the valves, 
principally the mitral valve. Circumscribed ob- 
literation of the pericardial sac, thickenings of Uie 
mural endocardium of the atrium, and nigal ele- 
vations situated just above the posterior leaflet 
of the mitral valve on the posterior wall of tlie 
left atrium are often regarded as cliaractcnstic. 


Klicroscopically, the arrangement of mononuclear 
cells in a palisaded fashion, perpendicular to the 
free margin of the valves, with newly formed 
blood vessels, is often thought to constitute evi- 
dence of old rheumatic infection. Especially 
prominent in old rheumatic heart disease is the 
increase in the number of vessels in the sub- 
endocardium and their penetration into the endo- 
cardium proper of the left atrium. The sub- 
endocardial elastic tissue is likewise commonly 
increased, often to a considerable degree. It is 
often thought that such changes, even in the 
absence of a clear-cut history of rheumatic fever, 
should be taken as evidence of a rheumatic etiol- 
ogy of old valvular lesions. 

In general, however, we believe that in in- 
stances in which there is neither good clinical 
nor pathologic evidence of previous rheumatic 
disease caution should be exercised in the inter- 
pretation of valvular deformities. It would seem 
that in such instances more will be gained by 
withholding judgment and carrying on further 
investigation than by arriving at more or less 
dogmatic conclusions. We sometimes use the 
teiinmology "rheumatic type" to denote reason- 
able doubt as to a true rheumatic origin of the 
old endocarditis. 

General Considerations. The healing of 
acute rheumatic endocarditis may leave no 
grossly demonstrable defect in form or func- 
tion or may leave merely a slight thickening 
of the valve leaflets along Uie line of closure. 
The number of valves affected and the degree 
of scarring and deformity vary greatly with 
the number and severity of previous attacks 
as well as the age at which death occurs. Tlie 



Figure lX-19. Chronic aortic \aU-iiIilis, Hematoxy- 
lin arxi eooin. X22. Compare uith Figure 
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Figure IX-20. Stenosis of on£ce of mitral valv’e 

a. Fusion and calciiication of leaflets uilh steno- 
sis of onfice. 

b. Stenosis of mitral onBce and mural tlirombi 

in left atnum. 

val\'ular scars and defarmities are for the 
most part the result of valvular inflammattou 
and only in small part due to organizatioa of 
vegetations. Organization of tlirombi and 
contraction may be an important explanation 
of some deformities but tlie importance of 
cellular proliferation in the valve itself is often 
underestimated. Tlie scar forms as a result of 


Ebroblastic proliferation and collagen forma- 
tion; lipoid deposition and calcification occur 
later. 

General Incidence. Altliough not all valvu- 
lar deformities are rheumatic in origin, it is 
generally agreed that most of them are. Of 
73 cases in which old deformed valves were 
present, 55 were found to result from rheu- 
matic endocarditis, and in 27 of Uiese 55, in- 
completely healed rheumatic lesions were 
recognizable (Clawson and Bell, 1926). The 
greatest number of deatlis resulting from 
rheumatic heart disease occur in the group of 
cases in which valvnilar deformities are pres- 
ent (73.5 per cent of 796 cases; Clawson, 
1940rt). According to Clawson, tlie inddence 
of involvement of each valve in 351 cases in 
which there were valvular deformities, was 
as follows: aortic alone, 21 cases; mitral 
alone, 21-1 cases; aortic and mitral, 73 cases; 
aorb'c, mitral and tricuspid, 25 cases; mitral 
and tricuspid, 16 cases; pulmonic valve, 1 
case, and all valves, 1 case. These figures do 
not include 234 cases in which calcified nod- 
ular aortic lesions were found. In this latter 
group there were 92 cases in which aortic 
and mitral valves were involved and 5 cases 
in which aortic, mitral and tricuspid valves 
were involved. 

Deformities of Mitral Valve. These are ob- 
served commonly in young and middle-aged 
persons and less commonly in tlie old. Girls 
and women show a greater tendency to de- 
formitv' of tlie mitral valve tJian do males; 
the ratio is about 3:2 (White, 1951). 

Mitral stenosis. Stenosis of the mitral ori- 
fice is tile most common t>'pe of defomiit)’. It 
results from fusion of the leaflets at tlieir 
edges and fusion and shortening of the chor- 
dae tendineae. On examination from tlie open 
left atrium, tin’s lesion has a characteristic 
diaphragmatic or funnel shape (Figure IX- 
20o, b). The walls of tlie funnel are formed 
by the fused leaflets of the valve vvhicli lead 
down to a small opening of variable sliape. 
This opening has received sucli names as 
“buttonhole" or “fish moulh.’ Calcium salts, 
either diffusely distributed or deposited in 
nodular masses, are frequently present in tlie 
diickened leaflets. The latter sometimes erode 
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Figure lX'20c Stenosis of mitrcil onRce and thrombosis of left auricular appendage, pro* 
ducing embolism to abdonunal aorta with resulting gangrene of both lower extremities. 
(WCCH, 39 A 30.) 


the endocardium and are exposed to tlie blood 
stream. Sometimes there is calcification of 
the ring with or without simultaneous involve- 
ment of the leaflet. The leaflets may be so 
adherent and rigid that the movement neces- 
sary for their apposition is not possible. Con- 
sequently, valvular insufficiency is present, as 
well as stenosis of the orifice. According to 
White (1951), mitral stenosis and mitral re- 
gurgitation arc almost invariably combined. 
In rare instances, however, one may occur 
without the other; (1) When retraction of 
the relatively undamaged or at least relatively 
nonadherent valve leaflets is caused by short- 
ened, contracted and perhaps fused chordae 
tendineae, mitral regurgitation may occur 
witliout stenosis. (2) When tlie valve leaf- 
lets arc fused at the commissures, stenosis of 


the mitral orifice may occur without sufficient 
fibrosis or thickening of the extremities of the 
leaflets, or shortening of the chordae tendin- 
eae, to allow regurgitation. Pure stenosis 
(extreme stenosis with only slight insuffi- 
ciency ) was present in 37 of 95 coses of disease 
of the mitral valve reported by Clawson, I3elJ 
and Hartzell, in 1926. Severe degrees of rheu- 
matic mitral stenosis are observed more fre- 
quently than severe degrees of mitral incom- 
petence and arc apparently borne belter 
(White). The development of stenosis of the 
mitral orifice is a gradual process and the 
earliest defect in rheumatic children is insuffi- 
ciency rather than stenosis. According to 
Wliite, it requires at least 2 years for the de- 
velopment of mitral stenosis. 

When stenosis of tlie mitral voK’c is present, 
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Figure IX'2L Fibrosing lesions causing mitral in- 
sufficiency. 


tlie ring and leaflets are microscopically com- 
posed of dense fibrous tissue which is usually 
hyaline in appearance. All signs of active in- 
flammation are absent e.xcept, occasionally, a 
little perivascular l>’mphocytic infiltration in 
the central part of the leaflets. There is exten- 
sive vascularization of the leaflet and annulus 
fibrosus by capillaries and extremely tln'ck- 
walled vessels with narrow lumina. 

Effects of mitral stenosis on the heart. In 
the presence of a stenotic mitral orifice the 
left atrium and the right ventricle reveal evi- 
dence of hypertrophy and dilalarion. The left 
atrial enlargement may be so extreme that tlie 
he.ut may appear to be merely an appendage 
to an atrial aneurysm. These changes arc, of 
course, tlie result of the increased effort re- 
quired to force tlie blood through the nar- 
rowed mitral opening and past the resulting 
obstruction. Thu degree of stenosis alone 
probably does not account for such cases of 
extreme atrial enlargement but rather the 
combined effect of mitral regurgitation, mitral 
stenosis, the dilatation that comes with atrial 
iibnllation, and other factors not well under- 
stood. In 16 of a series of 26 cases of large 
left atria found at necropsy at the Massachu- 
setts CencTjl flospital, mitral stenosis was 
present and in 10, mitral insufficiency with- 
out stenosis was present (White, 1931). 

Mural thrombi, partiailarly in the auricular 
appendage or atrium, are likely to form in tlie 
later stages of the disease when the atria 
fibrillate (Figure IX-20c?). Pedunculated 


tlirombi and free or ball-thrombi are rarely 
found. When present, tliey may mcclianically 
obstruct the circulation, causing marked 
feebleness of tlie pulse and syncope. 

The right atrium eventually also may be- 
come hyi>ertrophied and dilated if the right 
ventricular dilatation produces tricuspid re- 
gurgitation. The left ventricle may show no 
evidence of hypertrophy, even w’hen tlie right 
ventricle and left atrium are double their 
normal size; in fact the left ventricle may be 
a little smaller tJian normal as a result of 
diminished w'ork. Tlie apex of tlie heart is 
sometimes formed in large part by the right 
ventricle. 

Occasionally angina pectoris occurs in cases of 
uncomplicated mitral stenosis. According to 
Blackford (1940), this is the result of a failing 
heart muscle. The right ventricle and left atrium, 
whicli are taxed to force blood tlirough Uie ste- 



Figurc lX-22. Pulmonary Jciioiis in iiutral stenosis. 

a. Congestion, edema and fibrosis ot aUcoIar 
ualLs. I!u)ialo<(>lm and eosin. X 1C5. 

b. Intimal fibrosis and medial hjiicrtrophy of 
arteries. Eloslio-vao Cieson. .\ 123. 
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Figure IX<22c. Ball'valve dirombus in (eft atrium 
in heart \vitli stenosis of mitral on6ce. Dorsal view 
of heart ( WCGH. 40 A 460.) 

nosed mitral oriEce, are unable to meet unusual 
demands, the left \entricle, therefore, is unable 
to sustain a high enough pressure in the root of 
the aorta to supply the coronary arteries with a 
sufficient amount of oxygenated blood. 

Although the point is still disputed, a number 
of authors believe that the factor precipitating 
cardiac failure in patients who have old rlieu- 
matic heart disease is often reactivation of the 
rheumatic myocarditis (Rogers and Robbins, 
1947), 

A number of reports have appeared of finding 
of Aschoff bodies and structures resembling Asdi- 
oil bodies in tJie subendocardial re^ons of 
auricular appendages removed during commis- 
surotomy for stenosis of the mitral orifice. Kusch- 
ner and associates (1932) found structures which 
they labeled Aschoff bodies in 4 of 11 specimens 
from the auricular appendage. McKeown (1953) 
found, in 24 of 53 sucli specimens, lesions which 
she believed showed the same distribution and 
structure as (he Aschoff body. Luse and asso- 
ciates (1954) examined tissue surgically excised 
from the left auricular appendage from 77 pa- 
tients who Jiad undergono mitral commissurot- 
omy, and found Aschoff bodies in 32 (41.0 per 
cent). The bodies were most prominent m Uie 



Figure IX-22d Stenosis of onBce of mitral and tn- 
cuspid valves. Dilatation of riglit atrium. Obstructing 
mural thrombus of left atrium which was responsible 
for cyanosis. Heart viewed dorsally, (WCGIf, 33 
A 4 ) 

endocardial and subendocardial tissues and their 
incidence was lower among older patients. Clark 
and Anderson (1955) found histologic evidence 
of rlicumab'c activity m tlie form of Aschoff 
nodules m 55 per cent of patients, although (here 
were no signs of clinical activity of acute rheu- 
matic fever. Microscopically, the granulomatous 
lesions were described as “largely characteristic 
Aschoff nodures." They showed a central nidus 
of fragmented and swollen collagen fibers, sur- 
rounded by loose connective tissue, with numer- 
ous large dark-staming mononuclear and inuUi- 
nucleated Aschoff cells, small round cells and 
occasional poljTnorphoimclear IeukDC>tes. (See 
ako Tedesclii et aL, 1955.) 

The question is, of course, whetlier these struc- 
tures are true Aschoff bodies. Unquestionably, 
occasionally a patient who has had a mitral Com- 
mmurotomy may shortly before the operation 
have liad an attack of recurrent acute rheumatic 
fever which was clinically unrecognised. From 
the illustrations accompanying the reports, we 
seriously doubt Uiat some of tlie depicted lesions 
are true Aschoff bodies. Enticknap (1953) found 
lesions confined to the endocardium which he 
called “probable” Aschoff bodies, admitting Uiul 
some of these resembled but were not typical 
Aschoff bodies. 

Ekter and Wood (1935) found no good cor- 



tohc) endocardial pocket in lo^^e^ portion of figure. . 

c. CalcxKc sclerosis witli bicuspid formation of d. Fibrosis and calcification. Ilcniatoxjli't ai 
aortic salve. (Drassmg by Louise Honic^ \Va>-ne eosin. X7. 

County General Hospital, WCCH, -15 A IM.) 


relation in llie values of C-reacbve protein in 
tlie blood serum wlh Uie finding of Aschoff 
bodies in the left auricular appendage of patients 
who have had mitral commissurotomy. 

Mitral inst/^cicncy. Since stenosis of the 
orifice and insufficiency of die valve are gen- 
erally combined to a greater or lesser degree 
in cases of rheumatic mitral disease, the effects 
on the lieart depend in part on the relative 
amounts of stenosis and regurgitation and in 
part on the absolute degree of valvular dis- 
ease. If mitral insufficiency is the chief defect 
(Figure IX*21), hypertrophy of the left ven- 
tricle occurs as well as enlargement of tlie 


left atrium and right ventricle. The posterior 
wall of the left atrium also may reveal focal 
thickening of the endocardium or cuspHke le- 
sions which result when a regurgitant blood 
stream strikes these points (so-called jet 
lesions; Edwards and Burchell, 195S). Later 
there may be hypertropliy and dilatation of 
die right atrium. With severe and long-stand- 
ing mitral insufficiency, the size of the heart 
may become enormous. 

^iside from hypertrophy, the heart nuiscle 
ill defonnities of the mitral valve may Lc 
normal, or there may be perivascular sc“ars 
suggestive of healed Aschoff bodies. In crises 
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of valvular defonnity of long standing, the 
myocardium may become exhausted and fail 
without evidence of pathologic change, unless 
there is a complication such as recurrence of 
rheumatic inflammation, bacterial endocardi- 
tis or serious disease of the coronary arteries. 
It is frequently the valvular lesion and not 
the myocardial disease that eventually causes 
failure and death. 

Effects of mitral deformities o»i other organs. 
In the presence of mitral deformities, the 
lungs and later the liver and other organs, 
reveal evidence of chronic passive hyper- 
emia. Tire distended pulmonary capillaries 
and bronchial veins (Ferguson et ah, 1944) 
may rupture, giving rise to hemoptysis. 
Areas of hemorrhage and infarction are found 
particularly at the bases of the lungs, and 
phagocytes filled with hemosiderin form a 
prominent feature of the histologic appear- 
ance. When deposits of iron pigment are 
suflSciently extensive, the lungs have a brown 
hue and the condition is known as brown in- 
duration of the lung. Parker and Weiss ( 1936) 
pointed out that, in addition to engorgement 
and thickening of the walls of the capillaries 
and arterioles, permanent changes in struc- 
ture occur in the alveolar walls (Figure IX- 
22a), which may become twenty times thicker 
than normal. The basement membrane of the 
capillary endothelium becomes thickened and 
separated from that of the alveolar epithelium 
by interstitial edema and collagen. There is 
intimal thickening of tlie pulmonary arteries 
%vith hyperplastic arteriolar sclerosis (Figure 
IX-22h). All these changes seriously restrict 
gaseous interchange so that intense cyanosis 
may persist in spite of myocardial improve- 
ment. 

Deformities of Aortic Valve. The changes 
that may occur as a result of repeated attacks 
of rheumatic inflammation have already been 
desenbed under recurrent and chronic valvu- 
litis. Suflice it to state here that adhesions of 
the cusps at the commissures, thickening, 
fibrosis and calcification of the ring and cusps 
lead to stenosis of varying degrees (Figure 
IX-23a, c). Scarring, retraction and sliUcii- 
ing of the free borders of the cusps, however, 
result in insufficiency or regurgitation (Fig- 


ure IX-23b, d) of the aortic valve; here also 
rheumatic inflammation causes both stenosis 
and regurgitation; it rarely leads to regurgita- 
tion alone except in the earliest stages, and 
also rarely causes stenosis alone. The end re- 
sult of repeated attacks of rheumatic disease 
may be preponderant aortic stenosis, pre- 
ponderant aortic regurgitation or equal de- 
grees of both (White, 1951). 

In Cabot’s series (1926) of 152 cases of aortic 
valvular disease there were 93 cases of stenosis 
and regurgitation of the aortic valve of rheumatic 
origin, and 11 cases of regurgitation with little or 
no stenosis, of whicli only 6 proved to be of rheu- 
matic origin. Most of tJie cases with aortic regur- 
gitation without stenosis were syphilitic in origin 
(44 cases). In a group of 130 cases of old valvu- 
lar defects studied by Clawson and associates in 
1926, 41 revealed combined stenosis of the ori- 
fice and insufficiency of the aortic valve. In 13 
of these 41 cases insufficiency was the dominant 
defect. 

Aortic stenosis. According to Clawson and 
associates (1938), aortic stenosis is a com- 
mon form of heart disease. It comprises 40 
per cent of all deformities of the valves. It 
occurs chiefly in males in a ratio of 4:1 (Dry 
and Willius, 1939). The average age at death 
is 15 to 20 years more than in oases of mitral 
stenosis. The usual form of aortic stenosis is 
the calcific nodular type. The orifice is re- 
duced to a narrow rounded or triangular 
opening and the cusps contain massive calci- 
fied nodules (calcified aortic stenosis). The 
calcified masses usually are found on both 
surfaces of the cusps. Occasionally they are 
observed only on the aortic surface and rarely 
only on the ventricular surface. Mferoseopi- 
cally the deposits of calcium are usually asso- 
ciated with a proliferative type of inflamma- 
tory process which is not always in immediate 
relation to the location of the calcium. Often 
the most pronounced inflammation is seen in 
parts of the scar where there is no calcium. 
Tlie c.dcjiim is usually embedded in scar tis- 
sue near tliick-walled \'esscls. Vasculariz.Uion 
of the valve and the ring is usually observed. 
Muller (1956) found isolated aortic stenosis 
in 35 per cent of bis eases of cicatricial vaUni- 
lar disease. 
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It is at times e\lrcmely dillicull to make a 
decision concerning the cliologic factor in 
cases of aortic stenosis. When the lesion is 
associated witli a clear-cut Iiistory of rheu- 
matic fever or witli a defonnily of the mitral 
valve, rheumatic inflammation appears likely. 
When it is not associated with other valvular 
deformities, some investigators (Monckcl>erg, 
1904; Sohvol and Gross, 1930; Ashworth. 1916; 
Hultgrcn, 1918) have concluded that degem- 
cralive or metabolic factors are responsible. 
Sohvol and Gross, and Ilnltgren were un- 
able to find stigmata of rheumatic fever in 
most of the hearts with calcific disease of the 
aortic valve. According to .\shworlh, the fac- 
tors to be considered in the development of 
atherosclerosis of the heart valves are age. 
hyiicrtcnsion, the physiologic decrease in cel- 
lularily of the annulus fihrasu.s of the aortic 
and mitral valves, and the effect of tension 
and vabnition on certain portions of the 
valves. Other investigators (Hall and Ichiuka. 
1040, Karsner and Koletsky, 1017) have con- 
cluded that rheumatic inflammation is aUvays 
die basis of the dofunnity. This assumption is 
based on the incidence of rheumatic fever in 
the history of patients with (his deformity, the 
numerous transitions found between undoiiht- 
cdly healed rheumatic lesions and calcified 
nodular valves, and the association of other 
lesions also probably caused by rheumatic 
fever. 

Barr and associates (1954) described an in- 
stance of familial lupercholcstcrcmic xanthoma- 
tosis in a young adult with extcnsisc atheroscle- 
rosis of the aorta and a severe calcific stenosis of 
the aortic valve. There were no rheumatic stig- 
mata. Tiius it seems that calcific aortic stenosis 
may likewise have an atherosclerotic basis. 

Our views on this problem have been indi- 
cated in the general considerations of tlic 
subject of valvular deformities. It seems that, 
although calcific disease of the aortic valve in 
most cases is rheumatic in origin, knowledge 
of the early stages of this deformity is not 
complete enough to permit one to regard 
rheumatic injury as responsible for this con- 
dition in all cases. 

Bicuspid aortic valve may be congenital or 
die result of inflammation, most often rheu- 


matic. In cither instance, calcific stenosis 
may be .siipcrimpost“d. Karsner and Koletsky 
(1917) iiniintained that if tlic r.ipbe rcm.iins 
at the b.ise of tlic sinus of V.i]s.dva, the bi- 
ctispid aortic valve is tlie result of a congenital 
anomaly: however, if it cipials (he cusp in 
hciglit, it is ac(]inTcd and the result of an old 
endocarditis, most likely of rliemnalic origin. 

Effect of aortic .\lciwus on the heart. In 
cases in vvbicb aortic stenosis is not assodalcd 
with regurgitation, tlie left ventricle is tre- 
mendously bvpertropliiesl and there is hltlc 
or no dilatation until tlie heart h.is iH'gim to 
fail. The right ventricle may appear to I>c a 
mere appendage to the left; the vvall of die 
latter bulges markedly into the cavity of the 
fonner. The other chamlicrs of the lieart arc 
uiulfccted until cardiac failure sets in and 
then dilatation of the right side of the lieart 
will occur. The degree of atherosclerosis of 
the asamding aorta and corunar>' arteries 
varies inversely with tlie degree of aortic 
stenosis. Tliis suggests that the stenosis de- 
velops c.-uly in life and protects (he aorta 
against tlic normal fluctuations of blood pres- 
sure. 

Cause of death in aortic stenosis. Aortic 
stenosis is app.arcnlly belter tolerated than 
other varieties of valvular deformity. Al- 
though severe stenosis of the aortic nrific-c is a 
serious burden on the heart, it is a lighter 
one than aortic regurgitation. Tin's is indi- 
cated by the fact that in most e.iscs, botli 
clinically and at autopsy, aortic stenosis is 
encountered in persons vvlio are relatively 
old. 

Death is associated with congestive failure 
in al)out one-third of the e.iscs. Sudden death 
ocatrs in about one-fiftli of the e.ises and 
when all grades of stenosis arc considered, 
dcatii seems to result from noncardiac causes 
in about one-half of the cases (Drv and Wil- 
lius, 1939). 

Although coronary occlusion is extremely rare, 
angina pectoris is a s>iiiptom in 19 per cent of 
coses, according to McGinn and White (1934), 
and in 22.7 per cent, according to Contralto and 
Levine (1937). This symptom lias been ex- 
plained as being tlie result of myocardial ische- 
mia. The latter has been attributed to tlie sle- 



RHEUMATIC DISEASE 


677 


node orifice, the increase in cardiac work and 
also to vasomotor changes in the caliber of die 
coronary vessels (Harrison, 1937). Contralto 
and Levine have pointed out the likeness of the 
aorta and coronary system in these cases to the 
common water-faucet suction pump and have 
suggested that the negative pressure produced 
may interfere with coronary flow. 

Disturbances in atrioventricular conduction 
also are often associated with calcific aortic ste- 
nosis (Boas, 1935). These are tlie result of an 
extension of the calcific process into the annulus 
fibrosus or ventricular septum. Associated mitr.il 
stenosis seriously militates against maintenance of 
cardiac function in cases of aortic stenosis. 

Aortic insufficiency. Insufficiency results 
when there is curling and retraction of the 
cusps. Marked aortic regurgitation has a more 
rapidly serious effect than marked aortic ste- 
nosis. The heart becomes very large and left 
ventricular hypertrophy and compensatory di- 
latation apparently develop simultaneously. 
Hearts which weigh 1000 grams or more have 
been observed. The largest and heaviest 
hearts generally occur in the presence of pure 
aortic regurgitation. The regurgitation is most 
often a complication of syphilitic aortitis but 
occasionally results from rheumatic infection. 
When the left ventricle dilates tremendously 
as a result of aortic regurgitation, the mitral 
valve becomes incompetent, and hypertrophy 
and dilatation of the left atrium ensue. These 
are followed in turn by enlargement of the 
right ventricle and eventually by enlargement 
of the right atrium too, although death from 
left ventricular failure is likely to interrupt the 
full evolution of these various steps (White, 
1951), In addition to the extensive hyper- 
trophy and dilatation with flattening of the 
trabeculae carneae, endocardial pockets and 
focal thickening also may result from the re- 
gurgitant blood stream ( Figure IX-236 ) ; aside 
from these changes, tlie myocardium may 
reveal no lesion. 

Apparently the hypertrophied muscle fails un- 
der the strain of overwork which is caused by the 
valvular deformity. Another factor in bringing 
about myocardial failure may be the low diastidie 
pressure which, in turn, is tlie result of the aortic 
insufficiency. Normally the coronary circulation 
is maintained by a sufilcient diastolic pressure. 


Hie frequent occurrence of angina pectoris in 
cases of advanced aortic stenosis also suggests 
the importance of functional coronary insuffi- 
ciency. Aside from focal fibrosis of the myocar- 
dium, however, there is usually no morphologic 
evidence of myocardial ischemia. Dilatation of 
the ascending aorta occurs but is not as common 
in cases of rheumatic aortic regurgitation as it 
is in cases of regurgitation resulting from syphi- 
litic valvulitis and aortitis. 

Deformities of Tricuspid Valve. Evidence 
of inflammation can be found as frequently in 
the tricuspid valves as in the mitral and aortic 
valves (Gross and Friedberg, 1936). Deform- 
ities of the tricuspid valve, however, are rare 
and seldom occur without lesions in other 
valves. Among 4300 necropsies performed at 
the Massachusetts General Hospital, 217 cases 
of rheumatic heart disease and only 47 lesions 
of the tricuspid valve were described. Only 
30 of these 47 lesions were tricuspid stenosis 
of sufficient degree to be regarded as of clini- 
cal importance (Cooke and White, 1941). In 
a study of 351 cases of old valvular deformi- 
ties (Table lX-2), Clawson was unable to 
find a single instance in which the tricuspid 
valve alone was involved. It was involved, 
however, in 42 cases in association with other 
valvular lesions. The age and sex incidence 
of the patients yvliose tricuspid valves were 
deformed corresponded roughly to those of 
patients who have mitral stenosis. Children 
and young adults were affected, and females 
were affected slightly more frequently than 
males. The average age at death was much 
less than that in all cases of rheumatic heart 
disease. In Cooke and Whites series it was 
23 years as compared with 42 years for rheu- 
matic lieart disease in general. Laakc (1958) 
rejiorted tricuspid stenosis in 20.4 per cent of 
54 persons with rheumatic he.irt disease at au- 
topsy. However, in only 1 instance was tri- 
cuspid stenosis diagnosed clinically. 

Valvular insufficiency and stenosis of the 
orifice are almost invariably associated with 
deformities of the tricuspid valve, although 
one or the other may predominate. According 
to Wliite, stenosis becomes of clinical impor- 
tance when the circumference of the adult 
tricuspid ostium (normally 11 to 13 cm.) is 
rcduc^ to 8 cm. or less (Figure IX-24o, b). 
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Figure LX*24. Deformities of tncuspid vaKe a In»ufiicicnc>- willi stenosis of orifice, b. Stenosis of tricus- 
pid onfice (salve opcn<\l). 


Functional tricuspid insuQicicncy is common 
in association with right ventricular dilatation 
associated witli congestive heart failure, and 
is rarely associated with other factors like 
anemia and pulmonary iosuiBcicncy. 

Effect on the heart. Because deformities of 
other valves are practically always associated 
with deformities of the tricuspid valve, a com- 
bination of effects is noted on the cardiac 
chambers. Well-marked tricuspid stenosis, if 
uncomplicated, naturally affects little of the 
heart except the right atrium which becomes 
enlarged. Tricuspid stenosis acts wlioWy on 
the circulation as a process obstructing the 
return of blood to tlie heart and is comparable 
to the effect of clironic constrictive pericar- 
ditis. Tricuspid insufBcicncy results in hyper- 
trophy and dilatation of right atrium and ven- 
tricle. 

According to Cooke and White, the presence 
of deformity of the tricuspid valve signifies a 
more severe degree of heart disease than deform- 
ity of the mitral or mitral and aortic valves and 
consequently death comes much earlier. How- 
ever, after systemic venous congestion sets in, 
life lasts longer when stenosis of the tricuspid 
orifice is present than when it is not, because of 
the protection afforded to the heart and lungs by 


the mccluttical obstruction of tlic stenosis. Con- 
sequently tricuspid stenosis is similar to chronic 
constrictive pericarditis in that it produces a 
cardiac invalid who may live for )C.>r5; he may 
have little d>spnca despite hepatic enlargement 
and ascites. 'Dus long course contrasts with the 
shorter course of life in coses of pure mitral ste- 
nosis after congestive failure has set in. 

Deformities of Pulmonary Valve. Acute 
rheumatic inflammation of the pulmonary 
valves {Figure IX-12), occurs not infre- 
quently (Gross and Friedberg, 1936) in asso- 
ciation witli involvement of other valves, but 
ai>parently leads to deformity only rarely (2 
cases out of a total of 351 cases of valvular 
deformities reported by Clawson, 1940a). As 
a result of deformities of the pulmonary valve, 
hypertrophy of the right ventricle, and later, 
dilatation with signs of congestive failure de- 
velop. Tile right atrium also is usually en- 
larged. 

Mural Endocarditis 

Lesions of the mural or parietal endocar- 
dium in rheumatic fever are seen most com- 
monly in the left atrium. Altliough these le- 
sions had been previously noted and described 
(Huchard, 1903; Harper, 1914; Hertel, 1920), 
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they did not attract much attention until Mac- 
Callum’s classic description in 1924. 

Lesions of the Left Atrium. Incidence. Von 
Claim (1926) found these lesions in 9 (29 
per cent) of 31 cases, Thayer (1925) in 10 
(40 per cent) of 25 cases, and Gross (1935b) 
in 70 (80 per cent) of 87 cases. 

Gross appearance. The lesion of mural en- 
docarditis is usually observed just above the 
posterior leaflet of the mitral valve. It is 
usually about 3 an. in greatest extent but may 
involve almost the entire endocardial surface 
and extend into the auricular appendage and 
up to the orifices of the pulmonary veins. The 
wall of the atrium is markedly thickened and 
made irregular by low ridges and hillocks 
separated by furrows with no definite pattern 
(Von Claim). Occasionally the irregular fur- 
rowed appearance is absent and there are 
only flat, often rounded, plateaus sometimes 
measuring no more than 2 mm. in diameter 
(Gross). On rare occasions, distinct projec- 
tions may be seen which resemble vegeta- 
tions. In cases of acute mural endocarditis, 
the lesion has a tawny gray color; it is grayer 
and more translucent in the older lesions. In 
these older lesions the patch may appear 
dense and scar-like. It rarely is calcified 
(Stewart and Branch, 1924). 

Histologic appearance of acute lesions. In 
dmse Jc.sinn^v a.«i m the acute valvulithv *he 
inflammatory process consists of characteristic 
and noncharacteristic components. Tlie char- 
acteristic components consist of more or less 
typical Aschoff bodies which seem to ha\c a 
predilection for the subendocardial layers. 
Usually these structures are forced into bands 
or rows of palisaded cells on either side of 
swollen collagen fibrils in various stages of 
fibrinoid degeneration (Figure IX-25o, b). 
Tlie nuclei are arranged perpendicularly to 
the altered collagen and the appearance is 
like that observed in some instances in the 
valve leaflets. Frequently the band of fibri- 
noid degeneration coincides with the layer of 
connective tissue immediately bencatli tlie 
endothelium. In some instances there is 
fibrinoid degeneration of tl)o subendothdial 
connective tissue without any cells or with 
only a few cells arranged about it. 


Among the indications of nonspea'fic in- 
flammation are edema and marked infiltration 
of mononuclear cells, mostly lymphocytes. 
Polymorphonuclear cells, including the eo- 
sinophilic variety, are present occasionally, 
and rarely polymorphonuclear cells mi^y be 
predominant in tlie inflammatory exudate. 
Tliese cellular aggregations are found in any 
portion of the endocardium but are perhaps 
more often present in the inner half. They 
separate and distort the elastic fibers and are 
often the cause of the ridges and hillocks on 
the endocardial surface. The endothelium 
over tile sites of these changes is frequently 
intact. When the endothelium has ulcerated, 
there is a thin layer of fibrin on the surface 
and occasionally tliis fibrin is collected in 
verruca-like vegetations (Figure IX-28), 
Histologic appearance of chronic lesions. 
Healing and repair take place readily. Capil- 



Figure lX-25. Lesions of innral endocardium. 

c. Bandiikc zone of libnnoid degeneration 
pahsaded basoplulic celJs. JJcniatotjlin and cosin. 

X135. 

b. Ifcalcd stage. Increased collagenous and tUs- 
Un fibrils. Elasbn-tan Cicseo. .\93. 
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laries surrounded by varj'ing numbers of lym- 
phocytes and mononuclear cells penetrate to 
the outer half of the endocardium. Fibro- 
blastic proliferation and fibrosis may be pres- 
ent, as well as an increase of delicate, distorted 
elastic fibrils. .As healing progresses, the 
characteristic cells and Aschoff bodies disap- 
pear and finally a dense avascular scar is all 
that is left in the superficial part. In the 
deeper layers near the myocardium, small col- 
lections of Ijinphocytes persist for a long time. 
Calcium frequently is deposited in the super- 
ficial portion of the endocardium where the 
scar is located. It may appear in thin jilales or 
small nodular clumps. 

Other Mural Endocardial Lesions. Aside 
from the cljaractcristic lesions wliich appear 
in the left atrium, tlic mural endocardium 


may be involved as an c.xlension of die inflam- 
niator)' process from the valves, valve rings 
and cliordac tendincae. These lesions are par- 
ticularly common in the subvalvular angles of 
die aortic valve, in the septum fibrosum 
(Gross and Friedbcrg, 1936) and on the 
papillary muscles of the left ventricle. Ex- 
cept for these lesions, involvement of the 
mural endocardium in rheumatic fever is not 
common. Von Claim and Pappenheimer 
(1920) found involvement of the endocar- 
dium of the right atrium in only 3 of 109 
cases. In each of these cases the lesion was 
situated at the margin of t]}e fossa ovalis. In 
2 of them, chains of diaractcrislic vemicae 
were present and in the Uiird, a somewljat 
l.irgcr vegetative process vvas noted. 


I^ERICAROmS 


Incidence. Coombs in 1924 found a pro- 
gressive decrease in the incidence of pericar- 
dial lesions, from 100 per cent of patients who 
had rheumatic carditis and died in Uic first 
decade of life to 25 per cent of those wJ>o died 
in the fourth or subsequent decades of life. 

According to Coombs, the lovscr incidence in 
the later age penods indicated that these patients 
suffered from milder lesions and, therefore, sur- 
\ived longer. Friedberg and Cross (1936) found 
microscopic evidence of pericarditis in 100 per 
cent of cases of acute and recurrent rheumatic 
carditis and in 83 and 75 per cent, respectively, 
of cases of chronic and healed rheumatic carditis. 
Clawson (1940a) found pericarditis in 52.5 per 
cent of the cases of acute rheumatic endocarditis, 
in 41.1 per cent of cases of recurrent rheumatic 
endocarditis and in 12.5 to 22.2 per cent of cases 
in which various types of valvular deformities 
were present 

Acute Pericarditis 

Cross Appearance. In gross appearance, 
acute rheumatic pericarditis differs but little 
from acute pericarditis of any other type, e.x- 
cept that the exudate is predominantly fibri- 
nous and rarely serous or frankly purulent 
( see Chapter X on Pericarditis ) . Consequently, 
the amount of fiuid in the pericardial sac is 
likely to be less than in some other varieties of 



figure LV-2S. Lesions of left ventricle, ffemafoxy- 
Iin and cosin. 

a. Mural endocarditis. X 135. 

b. Verruca of endocardium. X 145. 
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acute pericarditis. In cases of early and mild 
rheumatic pericarditis, all tliat may be seen 
is a roughening and reddening of the serous 
surfaces, often limited to one or two patches. 
These early lesions may be observed most 
readily on the visceral surface of the pericar- 
dium, particularly at tire roots of the vessels 
and over the atrial appendages. In the pres- 
ence of well-developed pericarditis, it may be 
difficult to open the pericardial sac because 
it is filled with a tliick mat of pink fibrin 
which is firmly adherent to the serous surfaces 
(Figure lX-27). A slightly turbid fluid usu- 
ally oozes from the fibrin, and distinct loculi 
may be filled with fluid within the fibrin, but 
it is unusual to find effusion of fluid in rheu- 
matic pericarditis of sufficient quantities to 
require instrumental evacuation (Coombs, 
IQS-l). If the fibrin is removed, the serous 
surface is found to be rough, reddened and 
sometimes hemorrhagic. Both pericardial lay- 
ers are thickened and sometimes this thicken- 


ing is of a nodular character. The external 
surface of tlie parietal pericardium is often 
bound to the adjacent pleural surfaces by 
fibrinous adhesions. 

Histologic Appearance. The histologic ap- 
pearance of acute rheumatic pericarditis is 
similar to that presented by acute inflamma- 
tion of any serous membrane, except for the 
association of certain lesions which have come 
to be regarded as specific for rheumatic fever 
(Klinge, 1933). In pericarditis tlie latter le- 
sions are more frequently overshadowed by 
the acute inflammatory process than in any 
other rheumatic lesion. The surface of tlie 
pericardium is covered by fibrin in the meshes 
of which there are usually a few, but rarely 
many, leukocytes including polymorphonu- 
clear leukocytes and occasional histocytes. 
Tlie lining cells on the surface may be intact, 
but more frequently they show evidence of 
proliferation and, in more severe cases, of 
desquamation. Not infrequently the meso- 




682 


PATHOLOGY OF THE HEART 



Figure IX-28. Pcncarditis in rhcunialic heart disease. 
Hematoxylin and eosm. 

a Gtaauloma in epicardial fat. X 200. 
b. Pseudoglandular proliferation of cpicardial 
cells. X120. 

tlielial cells desquamate iu strips and appear 
as bizarre pseudoglandular formations (Fig- 
ure IX-28/? ) . Occasionally the cells proliferate 
xvithout desquamating and form cystic or 
solid polypoid structures ( Friedberg and 
Gross, 1934, 1936). In the subepicardial tis- 
sue tliere is usually a diffuse exudate wliidi 
consists mainly of lymphocytes and plasma 
cells witli an occasional polymorphonuclear 
leukocyte. Vascularization by dilated capil- 
laries is pronounced and, even in the early 
cases, there may be beginning organization of 
the fibrin by fibroblasts and capillaries. Fre- 
quently the smaller vessels, including the 
capillaries, reveal swelling and proliferation 
of tlie endothelium. 

In additioa to theso oonspea'Sc signs oE 
inflammation, tliere are usually foci of fibri- 
noid degeneration in the connective tissue 


together with associated collections of char- 
acteristic. large cells with basophilic cyto- 
plasm (Figures IX-28 and IX-29). These 
circumscribed nodules are usually more dif- 
fuse and irregular than the corresponding 
structures in the myocardium. Foci of fibrinoid 
degeneration of collagen with little or no 
cliaracteristic cellular reaction may be ob- 
served more frequently in the pericardium 
than in any other site in the heart (Figure 
IX-2Stz). Occasionally there is palisading of 
Aschoff cells and fibrobbsts around foci of 
fibrinoid degeneration or along a necrotic 
layer of collagen on tlic surface. There are no 
characteristic Aschoff bodies. 

Recurrent PericariHlis 

Gross Appearance. This varies considerably 
with the number and severity of previous 
attacks of pericardial inflammation and tlie 
extent of the recent attack. In all cases a 
marked tJiickening of pericardk'U membranes 
and an almost universal formation of adhe- 
sions are noted. The adhesions tend to ob- 
literate the pericardial envity. In addition to 
these evidences of older inflammation, tliere is 
also fresh e.\udalion of a largely fibrinous 
exudate. Portions of tlie older e.xudale may 
appear red as a result of e.\tensive vascu- 
larization. 

Histologic Appearance. In addition to the 
signs of an older subsiding or healed non- 
specific inflammation, tliere is evidence of 
recent inflammation such as foci of fibrinoid 
degeneration of tlie collagen and associated 
collections of cliaracteristic cells. These granu- 
lomatous foci are often better dei'eloped in 
recurrent than in acute pericarditis. Nonspe- 
cific signs of recent inflammation, in the form 
of collections of mononuclear and polymor- 
phonuclear cells, also may be obser\'ed. 

C/ironic and Healed Pericarditis 

Gross Appearance. Rheumatic pericarditis 
may leave as its only mark one or two 
opaque white patches of tliickened epicar- 
dium, known as milk spots, or it may leave 
only a few fibrous tags oE no great importance 
(Figure IX-27). On tlie otlier hand the num- 
ber and extent of pericardial adhesions may 
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be sufficient to obliterate the entire sac. In 
addition to these intrapericardial adhesions, 
extrapericaidial lesions bind the sac to the 
mediastinal tissues, lungs and the chest wall. 
Calcium salts may be deposited in these ad- 
hesions and occasionally the heart may be 
partially surrounded by a solid wall of such 
depositions. The entity “constrictive pericar- 
ditis” sometimes resulting from rheumatic in- 
jury is discussed elsewhere (see Chapter X 
on Pericarditis). 

Histologic Appearance. T})e thickened walls 


of the pericardial sac are extensively scarred 
witli a mild inflammatory type of lesion hav- 
ing collections of lymphocytes in the inner 
layers. Vascularization by thickened vessels 
and capillaries is often extensive. There is no 
evidence of fibrinous exudation or other evi- 
dence of acute inflammation. Tlie mesothelial 
lining may be intact or replaced by fibrous 
adhesions. Deposits of calcium may be ob- 
served in the dense connective tissue. For the 
eflPects of pericardial adhesions an the myo- 
cardium, see Chapter X on Pericarditis. 


LESIONS OF BLOOD VESSELS 


Aorta 

Involvement of the aorta in rheumatic fever 
has been recognized and accepted since the 
systematic histologic study by Klotz in 1912. 
All portions of the vessel may be involved but 
the lesions are apparently more numerous in 
the ascending and tlioracic portions (Klotz, 
1912, KUnge, 1933). According to Gross 
(1935a), the aortic and pulmonic roots dis- 
play a strikingly high incidence of destruc- 
tive and inflammatory lesions, consisting of 
scarring, disruption of elastic tissue, vascu- 
larization and other inflammatory phenomena. 
Studies of the incidence of the lesions 
throughout the aorta have not been made, but 
Klinge stated that involvement of the aorta 
is the rule rather tlian the exception. 

Gross Appearance. Grossly the lesions have 
been described as nodular fibrous thickenings 
by Klotz in 1912, as elevated, almost trans- 
parent, plaques and ridges of brown color 
by Von Glahn and Pappenheimer in 1926; 
as soft, flat, glassy cushions by Klinge in 1933, 
and as yellow elevated nodules and streaks by 
Moore in 19-46. In cases of chronic rheumatic 
disease, Klotz noted a great loss in elasticity 
of the entire wall and the vessel was thicker 
and heavier. 

Histologic Appearance. Ailvcntilin. In 
cases of acute involvement of the adventitia, 
tlierc is congestion of the adventitial vessels 
with edema and marked infiltration of leuko- 
cytes, most of which are lymphocytes. Tlie 
cellular elements arc diffusely scattered 
throughout the adventitia but tend to be 


concentrated about tlie vessels. The foci of 
fibrinoid degeneration generally are associ- 
ated with tJie veins and arteries, vvln'ch may 
or may not be involved (Figure IX-30). They 



Figure IX-29, PcncardUjs in riiiumalic Jjcart disease. 

a. Fibrinoid change of ground substance. MaJ- 
kw>s phosphotungstic acid. 

b. Granuloma m cpicardul fat. l!(mato\)Im and 

cosia. X GO. 
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Figure IX-30. Vascular inflammation in heart disease 
Hematoxjhn and eosm. 

a. Artentis shoeing edema and s acuolization of 
muscle cells. X 290. 

b. Artenus in granulomatous stage. X ISO. 

c Phlebitis with granulomatous i nflam mation of 
wall. X 113. 

are generally larger and less clearly demar- 
cated than the corresponding lesions in the 
myocardium (Klinge, 1933). In the granulo- 
matous stage of tlte inflammatory process, the 
characteristic basopliilic cells are found either 


in the middle or at the borders of the foci of 
flbrinoid degeneration, and giant cells are 
scarce. In cases of chronic and inactive in- 
volvement a nonspecific type of perivascular 
inflammation may be obsers'ed but true Asch- 
off bodies probably do not develop. Tlie 
adventitia is greatly thickened by collagenous 
tissue and the walls of tlic nutrient arteries are 
thickened. 

^^e^lia. In the acute stage of rheumatic 
fever, the arterioles are more prominent than 
usual and penetrate beyond the outer third 
of the media. Perivascular edema and nu- 
merous lymphocytes and pkisma cells may be 
observed. The muscle elements in the neigh- 
borhood of the vasa vasomm often have dis- 
appeared. Circumscribed rheumatic nodules 
are not observed but there arc foci of fibrinoid 
degeneration and necrosis which appear in 
rows. Large basophilic cells are present about 
the vessels; these also arc frequently arranged 
in rows, apparently as a result of the arrange- 
ment of elastic fibers. In inactive and healed 
lesions, there is a marked increase in the 
number and size of the capillaries, scarring 
and disruption of elastic fibers. The scars are 
prominent and have been described as flame- 
shaped, oval and moth-eaten (Friedberg and 
Gross, 1936). They are perivasnilar in distri- 
bution and do not involve the entire thickness 
of tlie media as in syphilis. 

ItUima. In this layer, lesions are observed 
which are comparable to those in the atrial 
endocardium (Von Glahn and Pappenheimer, 
1926). Tliere are bands of fibrinoid degeneni- 
tion of collagen and elastic tissue alwut which 
Uicre are large basophilic cells, some of which 
are inultinucleated, and some polyTuorphonu- 
clear leukocytes. Formab'on of verrucae is 
rarely observed. In the healed stage, the 
lesion becomes converted into a scar which is 
difficult if not impossible to differentiate from 
ordinary aortic sclerosis. 

Although the intimal lesions frequently oc- 
cur alone, the adventitial and medial lesions 
usually occur togetlier. It has been postu- 
lated, tlierefore, tliat tlie injury to the outer 
coats comes througli the vasa vasorum, 
whereas the intimal injury comes from the 
blood in the aorta (Klinge, 1933). 
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According to Von Glahn and Pappenlieimer, 
the rheumatic lesions can be distinguished 
from tliose of syphilis in that the former are 
restricted to the neighborhood of nutrient ves- 
sels and are not accompanied by tlie produc- 
tion of vascular granulation tissue. Tlie cellu- 
lar constituents are not as numerous; they 
differ from those observed in syphilitic aortitis 
and there is no evidence of gummatous ne- 
crosis. 

Coronary Arteries 

In tliis section, involvement of tlie adven- 
titia of the smaller branches, which is a site of 
predilection for the myocardial rheumatic 
nodule, will not be discussed but involvement 
of the media and intima of tJie larger branches 
will be considered particularly. In these ves- 
sels, inflammation of varying degree occurs in 
about one-third of the active cases of rheu- 
matic fever. The lesions of rheumatic fever in 
these vessels consist of edema, exudative and 
necrotizing inflammatory changes, fibrinoid 
degeneration, palisade formation, verrucous 
endarteritis and thrombi (Gross, Kugel and 
Epstein, 1935). Except when Aschoff bodies 
are a part of the inflammatory process, the 
lesions are not specific for rheumatic fever. 
Destruction of elastic fibers seems to be es- 
pecially severe. According to Klinge, die 
fibrinoid degeneration of the ground sub- 
stance and the lymphocytic and leukoo/tic 
exudation often are more pronounced than 
the proliferation and hypertrophy of the con- 
nective tissue cells. Also, according to him, 
longitudinal sections of the coronary arteries 
reveal a palisade arrangement of cells of the 
wall, such as has been described in the atrial 
and aortic lesions. Fibrosis of the coronary 
arteries occurs more frequently, more exten- 
sively and considerably earlier than in non- 
rheumatic control cases. Although these 
changes have not been sho%vn to result from 
acute inflammatory lesions, it is practically 
certain that severe myocardial injury is asso- 
ciated with the disease in the coronary arteries 
(Karsnerand Bayless, 1934). 

Other Vessels 

Lesions of small xicriphcral arterioles and 


capillaries occur in various locations includ- 
ing the lungs (Von Glahn and Pappenlieimer, 
1926; Paul, 1928). Sloughing of the endo- 
thelium as a result of e.xudation of fibrin into 
the wall, necrosis of tlie cellular constituents 
and fragmentation of tlie elastic lamellae, 
have been described. In the perivascular tis- 
sue there is an exudate consisting of poly- 
morphonuclear cells, radially arranged mono- 
nuclear cells and an outer loose infiltration 
of lymphoid and plasma cells and occasional 
eosinophils and fibroblasts. In this perivas- 
cular tissue are many dilated hyperemic capil- 
laries which may extend far beyond the area 
of cellular infiltration. Thrombosis is not ob- 
served in these vessels. The acute lesions are 
followed by organization with or without 
formation of new collateral elianneJs within 
the thickened intima and occasionally within 
the muscular layer. The lesions resemble most 
closely those of periarteritis nodosa but differ 
from these in the absence of thrombosis, the 
small size of the involved vessels, and the ab- 
sence of nodules or aneurysmal formations. 
Identical changes have been described in pul- 
monary arterioles by Von Glahn and Pappen- 
heimer as well as by Paul. Rheumatic lesions 
in the veins occur (Figure IX-30c) and have 
been studied extensively by Klinge (1933). 

Relation to Other Similar Vascular 
Disease 

As Karsner and Bayless (1934) have 
XK>inted out, it is difficult to orient the vas- 
cular lesion of rheumatic fever in the whole 
group of arterial diseases. 

Aschoff (1906), Ophuls (1923), Friedberg 
and Cross (1934), Neale and Whitfield (1934), 
^f^dd{eton and McCarter (1935) and Pagel 
(1951) have stressed the close relationship be- 
tween periartenhs nodosa and rheiunalic fever. 
Friedberg and Cross, in particular, were of the 
opinion that rheumatic fever was a common cause 
of tire x'oscular lesion termeti "periarteritis nodosa.” 
Fahr in 1020 suggested tlwt rheumatic arterial 
disease may be a causaUve factor in malignant 
scicnosis and in 1921 drew attention to the resem- 
blance between Uie arterial lesions of rheumatic 
fe\-er, poI> arteritis nodosa and dermatom) osilfs. 
Xhnge (1933) and VaulieJ (1932) discussed peri- 
arteritis nodosa, malignant sclerosis, certain forms 
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of cardiovascular sepsis, thromboangiitis obhterans, 
focal glomerulonephritis and rheumatic fever in 
the same group on the basis of hyperergic causes. 
Semsroth and Koch (1930) as well as Metz 
(1931) were of tlie opinion that the arterial le- 
sions of acute infectious disease, rheumatic fever 
and polyartentis nodosa are manifestations of the 
allergic state which differ only in degree of in- 
volvement. 

Methods capable of producing lesions re- 


sembling periarteritis nodosa in animals, also 
produce lesions simulating those of rheu- 
matic fever (Rich and Gregory', 1943; Selye 
and Pentz, 1943; Selye, 1946, 1947). It is 
obvious that more work along this line of in- 
vestigation is necessary before a final conclu- 
sion can be readied concerning the relation of 
rheumatic vascular lesions to those of peri- 
arteritis nodosa. 


LESIONS RESEMBLING THOSE IN RHEUMATIC FEVER 


The occurrence of nodules in cases of sub- 
acute bacterial endocarditis similar or iden- 
tical to those observed in cases of xheiimatie 
fever is mentioned in the section on Endo- 
carditis. The occurrence of lesions in cases 
of scarlet fever, similar to Uiose of rheumatic 
fever, has been commented on in the dis- 
cussion of tlie specificity of tlie Aschoff body. 
Tlie occurrence of rheumatic-like lesions in 
syphilitic aortitis, reported by Clawson 
(1929), need not be considered further be- 
cause the demonstration of the ctiologic agent 
and the other characteristic features of the 



Figure IX-31. Rheumatoid aortic Nahoilitis. X8. 


latter disease usually arc sufficient so that the 
differential diagnosis can bo made without 
difficulty. TJio rare occurrence of rlienmalic- 
like lesions in meningococcal endocarditis 
(Rhoads, 1927) or typhoid fever (Romberg, 
1894) likewise offers no serious problems. 
Tlie occurrence of rheumatic lesions in cases 
of rheumatoid artlirilis, lioivcver, lias aroused 
considerable interest because of the long- 
standing problem concerning the possible re- 
lationship of the two diseases. 

Cardiac Lesions Associated with 
Rheumatoid Arthritis 

Opinions as to tlie presence and nature of 
cardiac lesions associated with rheumatoid 
arthritis have varied (Bennett, 1943). Accord- 
ing to the older clinical reports, tlie incidence 
of cardiac lesions varied from 4 (Coates, 1931; 
Monroe, 1936) to 40 per cent (Kahlmeter, 
1934). Tile value of these clinical reports is 
limited because: (1) The type of clironic 
arthritis studied is not always clearly defined; 
(2) clinical data are often insufficient so Uial 
accurate diagnosis of the nature or site of a 
cardiac lesion cannot be made; and (3) mild 
or healed cardiac lesions may give no clinical 
indication whatsoever of tlieir presence. 

Studies of the pathologic changes in tlie 
heart, in cases in which clironic infectious 
artliritis is known to have occurred during the 
life of the patient, were made by Charcot 
(1881), Kast (1901) and Gndme'k (1932). 
These studies, however, are difficult to in- 
terpret because tlie type of artliritis is not 
clearly defined. Baggenstoss and Rosenberg 
(1941, 1943, 1944) and Rosenberg and asso- 
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Figure IX-32 Rheumatic aortic valvulitis Higher magniRcations of lesion seen in Figure lX-31 a (left), 
X32, b (right), X 195. 


dates (1944) have reported the results of 
studies at the Mayo Clinic in which both the 
criteria used for the diagnosis of rheumatoid 
arthritis and the character of the cardiac le- 
sions were carefully described. Cardiac 
lesions indistinguishable from those produced 
by rheumatic fever were found at necropsy 
in 16 (53 per cent) of 30 cases. 

Since these reports were published, 16 addi- 
tional cases have been studied at necropsy at the 
•Mayo Clinic (Goehrs et al., 1958). DeGnite patho- 
logic evidence of previous rheumatic injury was 
present in 16 of the total of 36 cases studied (44 
per cent). The pathologic studies of Baggcnsloss 
and Rosenberg have been confinned by Bayles 
(1943), Fingerman and Andrus (1943), Smyth 
(1943), Young and Sclmedel (1944), in these 
reports the incidence of rheumatic heart disease 
in cases of rheumatoid arthritis varied from 26 
per cent (Bayles) to 65.7 per tent (Young and 
Schwedel). Clinical studies that support the 
possibility Uiat rlieumaloid arthritis and rheu- 
matic fever are related and Uiat rheumatic heart 
disease is commonly present in rhcuniatoid arth- 
ritis, even in the absence of a history of frank 
attacks of rheumatic fever were reported by 
Dawson ( 1943); Ellman (1944); Feiring (1945); 


Coss and Bools (1046); Pickard (1947), and 
Fischmann and Gvvynne (1948). Valaitis and 
associates (1057) reported an unusual type of 
aortitis wiUi aortic vahmlar deficiency m a patient 
who also had rheumatoid spondylitis. There were 
several small aneurysmal out-poucliings of the 
aorta with maiked wrinkling of the intimal lining. 
The aortic cusps were inverted and thickened. 
Microscopically, necrosis of tissue was predomin- 
ant with fragmentation of elastic fibers and peri- 
vascular lymphocytic infiltrations. Wliile the gross 
and microscopic findings suggested syphilis, the 
authors brieve that the incomplete type of necro- 
sis of the aortic wall and the focal fragmentation 
of the elastic tissue of the aorta distinguishes this 
lesion fmm that of syphilitic aortitis. 

Three possible explanations have been con- 
sidered for the unexpected high incidence of 
rheumatic heart disease in cases of rheumatoid 
arthritis. The first was that, by cliance, a series 
of cases liad been studied in which an independ- 
ent rheumatic heart dise.isc was unusually com- 
mon. If this explanation is correct, flie finiL’ngs 
m these cases actually do not reflect accurately 
the tnie incidence of the two conditions in (he 
same cases. Statistical studies by Berkson (1910) 
and Mainland (1953) lend considerable support 
to this point of view. A second possible explana- 
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lion was that rheumatoid artliritis and rheumatic 
fever are related and that rheumatic heart dis- 
ease is commonly present in rheumatoid arthritis, 
even in the absence of a history of frank attacks 
of rheumatic fever. The third possibdity con- 
sidered \\'as tliat the “rheumatic” cardiac lesions 
were not caused by rheumabc fever, but repre- 
sented a similar disease caused by the agent 
responsible for rheumatoid arthritis. If this is 
correct, a heretofore unrecognized condition, 
rheumatoid heart disease, was observed. 

It is interesting in this connection that 
Baggenstoss and Rosenberg (1941; 1944) ob- 
served 2 cases in svliich tlie cardiac lesions 
(Figures IX-31 and IX-32a, b) were strikingly 
similar to the subcutaneous nodules of rheu- 
matoid arthritis. They differed from typical 
rheumatic lesions in that tliey were much 
larger and tliere was much more necrosis in 
the central portion. 

Similar lesions have since been desenbed by 
others (Clark and Bauer, 1948, Cruenwald, 
1948; Raven et al, 1948, Craef ct ai. 1949, 


Bywnters, 1950; Sokoloff, 1953; Bevans et ah, 
1954; and Sinclair and Cruickshank, 1956). 
Schilder and associates (1956) and Clark and 
co-workers (1957) described cases of rheumatoid 
aortitis with aortic regurgitation associated with 
dieumatoid spondylitis. In the latter report, the 
lesion mimicked syphilitic heart disease but the 
authors believe it represented a systemic mani- 
festation of rheumatoid disease. 

In a review of the necropsies of 38 patients 
with rheumatoid arthritis at the Mayo Clinic 
(Goehrs et ah, 1958), pathologic evidence of a 
specific rheumatoid granulomatous type of injury 
was found in 7. The lesions were located at the 
b.ise of the mitral and aortic v'alves, the wall of 
the left ventricle, the left atrial vv'all, and the epi- 
cardium. 

From these reports it is apparent that, in 
addition to tlie lesions which cannot be dis- 
tinguished from those of rheumatic fever, a 
new type of Iieart disease has evolved wliicli 
is apparently specific for rheumatoid arthritis 
and may be designated as "rheumatoid car- 
ditis.” 


BIBLIOGRAPHY 


1761 PuLTENEY, R.: The case of a man whose 
heart was found enlarged to a very uncommon 
size, Phil Tr. Roy. Soc , London, 52 p.irt 1. i44- 
353. 

1793 Baiu.ii:, M.* The Uatbtd Anatomy of Some 
of the Most Important Parts of the Human Body. 
London, Johnson, pp 1-11. 

1737 Bailul. M : The Morbid Anatomy of Some 
of the .Ifost Important Parti of the Human Body, 
ed. 2. London, Johason, 460 pp. 

1812 PiTCAinN. D.: Quoted by Wells, W. C. 

1812 VV fi tA , W. C.: On rheumatism of the heart. 
Tr. Soc. Improvement M. O Chlr. KnouIrJge. 3. 
373. 

1835 Bouiixacd. J. B.: Traits Chnujue des Mala- 
dies du Cocur, Ptic^dd dc Rcc/icrclici Noucclles 
sur rAnatomie ct la Physiologie da cct Organe 
Pans, Dailherc, VoL 1, 534 pp., Vol. 2, 632 pp. 

1835 Watson, T.: Observations on rhniniatisni of 
the heart, London M. Caz., 16.50, 91; 164. 

1S40 Bocillaud, J B.: Traitc Clinique du Rhu- 
nuitismc Articuhire ct dc la Lot dc Coincidence 
<Ici Inflammations du Cocur avee ccitc Maladie. 
Pans, Baillicrc, 551 pp. 

1579 CoooijAjir, J. F.; Case ol rapid enlargement 
of the heart, Tr. Path. Soc., London, 30.279-281. 


1881 Charcot, J. M.: Clinical Lectures on Senile 
and Chronic Diseases. (Translated by W. S. 
Tule). London, New Sydenham Society, pp. 
172-175. 

1881 MacLacan, T. j.: R/ieunuztum; Its Nature, 
Its Pathology, and Us Successful Treatment. Lon- 
don. Pickering, 333 pp. 

1687 .Ma-vtu:, A.: The etiology of rheumatiOTi 
considered from a bacterial point of view, Bnt. 
•If. J. 1381-1384. 

1889 CiiEAnnE, W. D.: The Various Manifestations 
of the Rheumatic State as Exemplified in Child- 
hood and Early Life. London, Smith. Elder, 127 
pp. 

J894 Rosiqerc, E.: Ueber die Bedeutiing dcs Herz- 
miiskels fur die Symptome iind don Veriauf der 
acuten Endocarditis und dor chromschen Klappcn- 
fehlcr, Deutsches Arch, f, klin. Med., 53.T41-1SS. 

1896 Neuman.s, E.; Zur Kenntniss der fibnnoiden 
Degeneration dcs Bindcgcwcbcs bei Enlzundun- 
gen, Virchows Arch. f. path. Anai., J4-I.201-238. 

1899 PovNToN, F. J.: Rheumatic pericarditis and 
c»lrcmc dilatation of tlie heart witli an investiga- 
tion into the microscopy of rheimiatic heart 
disease; Tr. Roy. Med.-Chir, Soc., London, 62: 
353-360. 



RHEUMATIC DISEASE 


1900 Paine, see Poynton and Paine. 

1900 Pov-NTON, F. J., AND pAiNE, A.t The etiology 
of rheumatic fever, Lancet, 5.S6I-869; 932-935. 

1901 Kast, L.: Ueber das Verhallen der Herzaffec- 
tionem bei chronischem Gelenkrheumatismus resp 
Arthritis deformans, Prag. tned. Wchmehr., 26. 
493-494, 508-509; 521-523; 531-533. 

1902 Menzer, a.: Die Actiolagie des akuten Ce- 
IcnkTheumattsmus, nebst krtUschen Bemerkungen 
zu saner Thcrapie. Berlin, Ilirschivald, 126 pp. 

1903 Huchabd, II : Traite Cliniguc des Maladies 
du Coeur et de 1‘Aorte, ed 3. Pans. Doin, VoL 3, 
pp. 326-32T 

1903 Kon'igeh, H : Histologische Unfersuebungen 
uber Endokardibs, Arb. a. d. path. hist, zu Leip- 
zig, 2.1-162. 

1904 Monckeberg,! G.: Der normale histologische 
Ban und die Shlerase der Aortenklappen, Vir- 
chows Arch. f. path. Anat., 176:472-514. 

1905 AsaioFF, L.: Zur Myocarditisfrage, Verhandt 
d. dcutsch path Ccsellsch , 8:46-53. 

1905 Geipee, P.: Untersuchungen uber rheumati- 
sche Myocarditis, Deutsches Arch. f. fJtn. Med., 
S5 75-88. 

1906 AsatoFF, L 5 Discussion, VerhandL d. 
deutsch path. Gesellsch , 10.157. 

1907 Coo&tBS, C. F.. The myocardial lesions of the 
rheumatic infection, Brif, .M. }., 2-1513-1514. 

1908 Bulloch, W.; Rheumatic fever In Allbutt, 
T. C., and Rolleston, H. D : A System of Medi- 
cine London, Macmillan, pp. 004-617, 

1909 Baldassabi, V : Beltiag zur Histologic der 
Endocarditis, Centralbl. f. allg. Path. u. path. 
Anat., 20 97-104. 

1909 Bracut, E , AND Wachters Bcitrag zur Aeti- 
ologie und pathologischen Anatoinie der Myocar- 
ditis rheumatica, Deutsches Arch. f. kbn. Med., 
96:493-514. 

1909 Coombs, C. F.; Tlie histology of rheumatic 
endocarditis. Lancet, I.T377-1378. 

1909 Takayasu, R : Zur Kenntnis der sogenannten 
Endartenitis infecUosa und der Knochenbildung 
bei rheumatischer maligner Endokarditis, Deu- 
tsches Arch. f. khn. Med., 95:270-279. 

1910 Tiiorel, C : Patliologie der Kreislauforganc, 
Ergcbn. d allg. Path. u. path. Anat., 14:133-711. 

1912 Fraenkel. E.; tJbet Myocarditis rheumatica, 
Bcttr, z. path. Anat. u. z. allg. Path., 52:597-611, 

1912 Klotz, O.: Rheumatic ftner and tlie arteries, 
Tr. A. Am. Phijsicians, 27:181-188. 

1913 ANiTsaiKOW, N.i Experunenlclle Unlersuch- 
ungen uber die N'cubddung dcs Cranulationsge- 
webes im Herzmuskcl, Beitr. =. path. Anat. u. s. 
allg. Path., 55:373-115. 

1913 CziutR, L.i Ober die Vcr.iudtrungcn an den 
llerzklappen bei akulcn Infektionskrankhciten, 
VirchoiiS Arch. f. path. Anat., 213:272-283. 

1913 Pos’NTON. F. J., AND Paine, A.: Researches on 
Bjicumalism. London, Churcliill, 461 pp. 


1914 Harper, W. W.: Pathology of the heart in 
rheumatic infection in children, South. M. }., 7: 
261-267. 

1914 Herry: Contribution a I’etude du rhumatisme 
articutaire aigu; essai de pathogenie ct do sero- 
therapie; etude chnique, anatomique ct experi- 
mentalc. Bull. Acad. wy. de mcd. de Belgique, 28; 
76-126. 

1914 Huzella, T.: Cber histologische Befunde bei 
Rheuinatisinus und Chorea, Verhandl. d deutsch. 
path. Ccsellsch, 17:470-476. 

1914 TKALHlilER, W., AND ROTHSCHILD, M. A.: On 
tile sigmficance of the submiliary myocardial nod- 
ules of Aschoff in Theamatic [ever, J. Exper. Med., 
19.-417-428. 

1915 Faber, H. K,: Experimental arthntis in the 
rabbit; a confnbution to the pathogeny of arthritis 
in rheumatic fever, J. Exper. Med., 22.615-628. 

1919 Aschoff, L.; Pathologische Anafomie, ed. 4. 
Jena, Gustav Fischer, pp 90-101. 

1919 Jacobs, H. B.: Edward Jenner, a student of 
medicine, as illustrated in his letters. In: Contri- 
butions to Medical and Biological Research, Dedi- 
cated to Sir William Osier. New York, Hoeber, 
Vol. 2, p. 746. 

1919 Jenner, E.: (1789) Quoted by Jacobs, H. B. 
(1919). 

1920 Faur, T.: Kurze BeJirage zur Frage der Neph- 
rosklerose. Deutsches Arch, f, Khn. Mcd., 134. 
366-376. 

1920 Hertel, M. P.: Das Verhalten des Endokards 
bei parietaler Endokarditis und bei ollgcmciner 
Blutdrucksteigerung, Frank/. Ztschr. f. Path., 24: 
1-57, 

1920 WiUTMAN, R. C., AND Eastlak^ a. C.! Rheu- 
matic myocarditis. Arch. hit. Med., 26.601-611. 

1921 Faur, T.: Bcitrage zur Frage der Herz- und 
Celenkverandeningcn bei Gelcnkrhcumatismus 
und Scharlach, Virchou-s Arch. /. path. Anat., 232; 
134-159. 

1921 Watjen: Etn besonderer Fall rheumatischer 
Myokarditis, Verhandl. d. dcufscii. path. Ccsellsch , 
18.223-227. 

1923 Lio.xfAN, E.: Characterization of vanous forms 
of endocarditis, J.A.M.A., 80.813-818. 

1923 Ophuls, W,; Periarteritis acuta nodosa, Arch. 
Ini. Mcd., 32.870-898. 

1924 Coombs, C. F.: Rheumatic Heart Disease. 
New York, Wood, 376 pp. 

1924 MacCallum, W. C.: Rheumatic lesions of 
the left aunclc of Uie heart, BulL Johns Hopkins 
Hasp., 35-329. 

1924 Pappe-sheimer. A. M.. and Von Glaus. W. 
C.: Lesions of tlie aorta associated with ucnlc 
rheumatic feser, and with chronic cardiac disc.ise 
of rheumatic ongin, J. Research, 4/.4S9-500. 

1924 STEW’xnr, 11. J., a.\d URAVcit, .4.; Riu-ufn.ilic 
carditis willi predominant imoKement and calci- 
fication of llie left auricle, Proc. Xcw York Path. 
Soc., ns. 24.U9-103. 



690 


PATHOLOGY OF THE HEART 


1924 Swift, H. F.: Tlie palhogene^is of ilicumatic 
fe\-er, /. Ezper. Med., 39;497-508. 

1925 Clawson, B. J.: Studies on the cUolog>' of 
acute rheumatic fever, J. Infect. Dis., 56.‘444-150. 

1925 Tiiayzr, W. S.: Notes on acute rheumatic 
disease of the lieart. Bull Johns Hopkins Hasp., 
36;99-104. 

1926 Cabot, R. C : Facts on tlte Heart. Wiiladcl- 
phia, Saunders, 781 pp. 

1926 Clawson, B. J., and Bell, E. T.: A compari- 
son of acute rlieumatic and subacute liactcrial 
endocarditis, Arc/i. Int. Med, 37 66-81. 

1926 Clawson, B. J., Bell, E T , and Habtzell, 
T. B.: Vah-ular diseases of the heart willi special 
reference to the pathogenesis of old \a!%'ular de- 
fects, Am J. Path., 2:193-231. 

1926 Von Glahn, W. C.: Auncuhir endocarditis 
of rheumatic ongin, Am. }. Path., 2:1-14. 

1926 Von Glairc, W. C , and PAppENiitiMcn, A. 
M.: Specihc lesions of pcnpheral blood vessels m 
rheumatism, Am ]. Path , 2.235-250. 

1927 HoLsn, O.: Beitrage zur Kenntnis der ent- 
zundlichen KlappenaffekUoneii nut bcsondcrer 
Berucksichtigung der Fathogenese, Arb. a. d. 
path. Inst, d Univ, Helsingfors, 5:401-186. 

1927 Medical Research Council (Gt. Brit.): Child 
Life Investigations, Social Conditions and Acute 
Rheumatism. London, His Majesty’s Stationery 
OiGce. Special Report Senes No. 1 14, 108 pp 

1927 FAPPEKHEi>tm, A. M , a.vd V'on Clajin, W 
C.: Studies m the pathology of ihctunabc fever. 
Two cases presenting unusual cardiovascubr le- 
sions, Am. / Path , 3:533-594. 

1927 Rkoaos, C. P.. Vegetative endocarditis due 
to the meningococcus, Am. J. Path , 3.623-630. 

1927 Small, J. C . The bactcniim causing rheu- 
matic fever and a preliminary account of the 
therapeutic action of its specific antiserum. Am. 
J. M. Sc., 173.101-129. 

1928 Birkhal'g, K. E.; Rheumatic fever, allergic 
reactions w-ith a toxin-producing strain of non- 
methemoglobin-forming streptococcus isolated 
from rheumabc fever, /. Infect. Dis , 43.280-291. 

1928 Paul, J. R.: Pleural and pulmonary lesions in 
rheumabc fever. Medicine, 7:383-410. 

1928 Swift, H. F., Derick, C. L., and Hitch- 
cock, C. H ' Rheumabc fever as a mamfesiation 
of bypersensitiveness (allergy or hyperergy) to 
streptococci, Tr. A. Am. PInjsicians, 43:192-202. 

1929 Ceol, R. L , Nicholls, E. E., and Stainsby, 
W. J.: Bactenology of Uie blood and joints m 
rheumatic fever, /. Exjier. Med., 50 617-642. 

1929 Clawson, B. J.: The Aschoff nodule, Arch. 
Path., 3.664-683. 

1929 Dariu:, H., anti Albot, G.: Contnbution a 
I'etude histologique du rbumatisme cardiaque 
aigu. Leions aigues du peiicardc, de Vcndocaide 
et de leur tissu de soiiben, Ann. d’anat. path., 6: 
463-180. 


1929 Cross, L., Loewe, L., and ELiAsorii, B.: At- 
tempts to reproduce rheumatic fever in animals, 
;. Esper. Med., 50:41-66. 

1929 Shaw, A. F. B.: Topograpliy and patliogcne- 
sis of lesions in rheumatic fever, Arch. Dis. Child- 
hood. 4:155-164. 

1929 Swift, H. F.: Rlieumalic fever, J.A.M.A., 92; 
2071-2083. 

1929 Talalajew, W. T.: Der akute Rheumabs- 
mus, Khfi. Wchnschr., 3:121-129. 

1930 Clarke, J, T.: The geographical distnbution 
of rheumabc fever, /. Trap. Med., 33.249-258. 

1930 Fahr, T.. Vergleichcnde Hcrzuntcrsuchungcn 
bet Scharlach, Streptokokkeninfektion und rheu- 
niatischcr Cranulomatose, Bcitr. z. path. Anal. u. 
s. allg. Path . 85.443-468. 

1930 Glover, J. A : Milroy lectures on the inci- 
dence of rhcumaUc diseases; the incidence of 
acute rheumaUsm, Lancet, l;499-503, 

1930 Nye, R. N., and \Va.yelbaum, E. A.; Strep- 
tococci ID infectious (atrophic) arllmtis and rhcu- 
maUc fever, /. Eipcr. .Med., 52.885-894. 

1930 Sesisroth, K., ANm Koai, R.; tlbcr Cefas- 
slasioncn bei AllgemciniofckUonen (cin Bcitrag 
zur Cenese der Pcriartcriitis nodosa), Krankheits- 
forschung, 8:191-205. 

1931 Coates, V.: The kinship of rheumabc fever 
and rheumatoid arthritis, M. J. and Rce., 133.55- 
50. 

1931 Coburn, A F’ The Factor of Infection in the 
Rheumatic State, ed. 1. Baltimore, Williams & 
Wilkins. 288 pp. 

1931 Gross, L., a-vo Kucel, .\t. A.: Topographic 
anatomy and luslology of the valves in the human 
heart. Am. J. Path., 7:445-474. 

1931 Klince. F., anti Vaubel, E.; Das Cewebsbild 
dcs fiebcrlialten Rheumatismus. IV. Die Gef.wse 
beim Rheumatismus, insbesondere die "Aortibs 
rlieumabca,” Virchoics Arch. f. path. Anal., 231: 
701-747. 

1931 Metz, ^V.: Die geweblichcn ReakUonser- 
schcmuQgen an der Gefasswand bei hyperergi- 
schen Zustanden und deren Beziehungen zur 
Perartenitis nodosa, Beitr, z. path. Anat. u. z. allg. 
Path, 88.17-33 

1931 Siegaiund. H.: Veranderungen des Herzens 
und der Cefasswonde bei sepbscliem Scliarlach, 
Verhandl d dcutsch. path. Gescllsch., 26.231-238. 

1931 DE Vecciu, B : The endocarditic process in 
childhood. Arch. Path , 22.49-69. 

1931 Zinsser, H.- Resistance to Infectious Diseases, 
cd. 4. New York, Macmillan, 651 pp. 

1932 Crzuiek, N.: Ueber die HauSgkeit des Zu- 
sammentreff ens v on Artlinbs deformans und chron- 
ischer Endokarditis, Virchows Arch. f. path. Anat . 
286:286-290. 

1932 Leary, T.: Early lesions of rheumatic endo- 
carditis, Arch. Path, 13:1-22. 



RHEUMATIC DISEASE 


691 


1932 Liciitman, S. S., and Gross, L.: Streptococci 
m the blood m rheumatic fever, rheumatoid arth- 
ritis and other diseases. Arch, Int. Med., 49 
1078-1094. 

1932 Schwarz, H.: An unusual case of acute rheu- 
matic fever m an infant. In Contributions to t/ie 
Afedical Sciences in ffonor af Dr. Emanuel Lib- 
man. New York, International, Vol. 3, pp. 1061- 
1068. 

1932 Vaudel, E.; Die Eiweissubereinpfindlichkeit 
(Gewebshyperergie) des Bindegewebes: experi- 
menlelle Untersuchungen zur Erzeugung des rheu- 
matisclien Gewebsschadens im Herzen und m den 
Gelenken, Beifr. z. path. Anat. ti z. aUg. Path, 
89;3T4-418. 

1933 Callow. Bessie R • Bacteriologic investiga- 
tions of the blood in rheumatic fever presenbng 
evidence of dissociation of micro-orgamsins recov- 
ered from blood cultures, J Infect. Dts , 52:279- 
353 

1933 Kissane, R W., and Koons, R. A.: Intra- 
utenne rheumatic heart disease, Arch Int. Med , 
52.903-910. 

1933 Klinge, F.’ Der Rheumatismus, Ergehn. d 
allg. Path. u. path. Anat, 27.1-354. 

1933 Muller, F.i Ueber den Rheumabsmus. 
Munchen. med. Wchnschr, 80.49-54. 

1933 Wild, F.. Das Gewebsbild des fieberhaflen 
Rheumabsmus. XJber die rheumatische penvascu- 
lare Herzschwiele, Virchows Arch f. path. Anal., 
290.116-136. 

1934 Friecberc, C. K., AND Cross, L.: Penarlentis 
nodosa (necrotizing artenbs) associated with 
rheumatic heart disease. Arch. Ini. Med., 54: 
170-198. 

1934 Gross, L., and Ehhlicii, J. C.: Studies on 
the myocardial Aschoff body. Am. J. Path., 10. 
467-488. 

1934 JuNCHANS, E.: Weitere Untersuchungen uber 
die hyperergische Carditis und Arteritis, msbe- 
sondere die Aorbtis, Beitr. z. path. Anal. u. z. allg. 
Path, 92.467-475. 

1934 Kahlmeteb, G.: De Tcxistcnce de IWons 
m>ocardiques et valvulaires dans Ics diverscs 
iorn^es de polyarlhnties dironiques et des conclu- 
sions qu’on en peut brer toucliant I’ctiologie ct le 
groupement climque des polyarthnties cliroiu'ques, 
Acta mcd. Scandinao, Supp. 59, pp. 611-623- 

1934 Karsner, H. T., and Bavllss, F.: Coronary 
arteries in rheumatic fever, ^im. Heart /., 9.557- 
5S5. 

1934 McGinn, S., and White, P. D.: Clinical ob- 
servations on aortic stenosis, Am. J. M. Sc., 188: 
1-15. 

1934 Neale, A. V., and Wuitfilld, A. G. W.: 
Rheumatism and its relation to artenal disease and 
penarlentis nodosa, Brit. .\f. J., 2;104-107, 


1934 Paul, J. R., Harrison, Elizabeth R., Saun- 
ger, R., and Deforest, G. K.: The social inci- 
dence of rheumatic heart disease. A statistical 
study in New Haven school children. Am. /. M. 
Sc, 188:301-309. 

1935 Boas, E. P.: Angina pectoris and heart block 
as symptoms of calcareous aortic stenosis, Am. /. 
Af. Sc., 190:376-383. 

1935 Ferris, E. B., Jr., and Myers, W. K.; Ini- 
tial attacks of rbeumabc fever in patients over 
60 years of age, Arc7i. Ini. Med., 55.809-817. 

193S Cross, L.: (a) Lesions in the roots of the 
puhnonaiy artery and aorta in rJieumatic fever, 
Am. J. Palh., ll;631-646. (b) Lesions of the left 
auricle in iheumabc fever, Am. /. Path , 12;7U- 
736. 

1935 Cross, L., Kucel, M. A , and Epstein, E. Z : 
Lesions of coronary artenes and (heir branches in 
rheuniabc fever. Am. J. Path., ll;253-280. 

1935 Middleton, W. S., and McCarter, J. C : 
The diagnosis of periarteritis nodosa, Am. J. M. 
Sc , 190-291-308. 

1935 Rinehart, J F.: Studies relating vitamin C 
driiaency to rlicuinab'c fever and rheumatoid 
arthnbs, expenmental, clinical and general con- 
siderations. I. Rheumatic fever, Aim. Int. Mcd., 
9.586-599. 

1935 Rossle. R.: Dber Grenzformcn der Entzun- 
dung und uber die setosen Organentzundungen 
itn besonderen, Klin. Wchnschr, J4;769-773. 

1935 ScilLESlNCER, B , SlCNY, A. C., AND AMIES, 
C. R.: Etiology of acute rheumabsm; experi- 
mental evidence of a virus as the causal agent, 
Lancet, i:1145-1146. 

1936 Claiuc, £., Graef, I., and Ciiasis, H.i 
Thrombosis of tlie aorta and coronary artenes 
Vvjdi special reference to the “fibrinoid" lesions, 
Arch. Path . 22:183-212. 

1936 Friedbebc, C. K., and Gross, L.: Pericardial 
lesions in rheumatic fever, Am. J. Path., J2.-183- 
204. 

1936 Cross. L., and Fried, B. M.: Lesions in the 
auriculovcntncular conduction system occurring 
in rheumatic fever, Am. /. Palh, 12 31-11. 

1936 Cross, L., and FtuEouuia. C. K.: Lesions of 
the cardiac valves in rheumatic fever. Am. ]. 
Path., 12.469-494, 855-910. 

1936 Monhoil R. T.: Chronic artlintis. In Chris- 
ban, H. A.; Oxford -Mediemc. New York, Ox- 
ford. Vol. 4. pt. 2, pp. 307-464. 

1930 Mohrurgo, B.: L’lnnammazionc sicruvj, Mi- 
nerca med., 27.321-325. 

1936 Njciiol, £. S.: Geographic distribution of 
rheumabe fever and rheumatic heart disease in 
tlie United Stales, /. Lab. O Chn. .\fid., 2/:5SS- 

594. 

1930 Parker, F., Jr, and Wuss, S.: Tlic nature 
and significance of the structural changes m the 
lungs in nutral stenosis, Am. /. Path., 12.573-598. 



692 


PATHOLOGY OF THE HEART 


1936 SoiivoL, A. R., aisD Gross, L.s Calcific scle- 
rosis of the aortic valve (Monckeberg t>pe). 
Arch. Path., 22.477-494. 

1937 Andrei, G., and R-vv-enna, P.: L'ctiologia 
del reumatismo articolare acuto, Attl d. Cong, 
naz. di microhioi, Milan, 6;lll-342. 

1937 Bhuenn, H. G.: The mechanism of impaired 
auriculoventncular conduebon in acute rheumatic 
fever, Am. Heart J., 13:413-425. 

1937 CovrftATTO, A. W., and Levine, S. A.: Aortic 
stenosis vvitli special reference to angina pectoris 
and syncope, Ann. Jnf. Med., 20.1636-1653. 

1937 Eagles, G. H.. Ev'ans, P. R., Fisiiem, A. C. 
T., AND Keith, J. D.: A vims in ebology of rheu- 
matic diseases. Lancet, 2;421-i29. 

1937 Graee, I., Berger, A. R., BoNiii, J. }., and 
DE LA CiiAPELLE, C. E.: AunculoT thrombosis in 
rheumatic heart disease. Arch. Path., 24.344-365. 

1937 Harrison, T. R.: Quoted by Contratto. A. 
W., and Levine, S. A. 

1937 Jones, T. D., Wunx, P. D., Roche. C. F.. 
Perdoe, j. j.. A.M) Ryan, H. A.: The traosporta- 
bon of rheumabc fever patients to a subtropical 
climate, JA.M.A., 109.1308-1309. 

1938 Clawson, B. J : Experimental subcutaneous 
nodules, Am. J, Path., 4.565-369. 

1938 Clawson, B. J., Noble, J. F., anti Lufiun, 
N. H I The calcified nodular deformity of the 
aortic valve. Am. Heart /., 25.58-70. 

1938 Jatpi!, n. H.i The rcticulo-endotbellal sys- 
tem. In Downey, Hal: Handbook of Hemalol- 
ogy. New York, Hoeber, Vol. 2, pp. 1059-1060. 

1938 Parklnson, J , Bedford, D. E., a.nd Tho.m- 
SON, W. A. R.: Cardiac aneurysm. Quart ). Med., 
7.455-478. 

1938 Skwokeoff, M. A.; HistonvovpUologie dcr 
rheumatischen Mj'ocardibs und due klimschc Be- 
deutimg, Acta tned, Scatidinav., 96.'344-3&4. 

1938 Turnbull, H. M.: Quoted by Parkinson, 
Bedford, and Thomson (1938). 

1939 Dry, T. J., antj Willius, F. A : Calcareous 
disease of tlie aorbe valve. Am. Heart 17: 
138-157. 

1939 EiiRLiai, J. C., and Lapan, D.: The Anitsch- 
kow “myocyte,” Arch. Path., 28:361-370. 

1940 Blackford, L. M.: Mitral stenosis as a 
cause of angina pcctons; report of two cases with 
necropsy, Am. Heart J., 20.492-497. 

1940 Briton, E.: Experimental Incestigations tn 
Scrum Allergy. London, Oxford, 229 pp. 

1940 Claw^.v, B. j.: (a) Rlicumatic Iieart dis- 
ease; analysis of 796 cases. Am. Heart J., 20: 
454-475. (b) Discussion, Am. /. Path., 26.694- 
695. 

1040 Hall, £. M., and lauOKA, T.: Ebology of 
calcified nodular aorUc stenosis. Am. /. Path., 16: 
761-785. 

1940 Wilson, May G.; iVieumatic Fever. New 
York, Commonwealth Fund, 595 pp. 


1940-41 Lancefield, R. C.: Specific relationship 
of cell composition to biological activity of hemo- 
lytic streptococci, llarccy Lectures, scries 36, 
pp. 251-290. 

1941 Baccenstoss, A. H., and Rosenberc, E. F.; 
Cardiac lesions associated with chronic infectious 
artliriiis. Arch. Jnt. Med., 67;241-258. 

1941 Clawson, B. J.: Relation of tlie “Anitscli- 
kow myocyte” to rheumatic innammation. Arch. 
Path., 32:760-763. 

1941 Cooke, W. T, and White, P. D.: Tricuspid 
stenosis, witli particular reference to diagnosis 
and prognosis, Brit. Heart ]., 3.T47-1C5. 

1941 Downey, Hal: Quoted by Clawson, 13. J. 

1941 Mallory, G. K., and Keeflr, C. S.: Tissue 
reactions in fatal cases of Streptococcus liaeiuolyti- 
cus infection. Arch. Path., 32:334-355. 

1941 Roscndlum, a., and Rosl.vdlum, Ruth L.: 
A study of 70 families in vvliicli cases of rheumatic 
fever appeared. Am. }. Dis. Child., 62.T1I(. 

1941 Sapiur, O.: Myocarditis. A general review 
with an analysis of 240 cases. Arch. Path., 32; 
1000-1051. 

1942 Bunceler, W.j Uber die Verbrcilung des 
Rheumatisimis in den tropischen und subtropb- 
chen L.inderD, Deutsche med. Wchnschr., 63: 
268-271. 

1942 Jo.NES, T. D., ANT) Bland, E, F.s Rlieumabc 
fever and heart disease; completed ten-year ob- 
servations on 1000 patients, Tr. A. Ami. Physicians, 
57:267-270. 

1942 Kle.\ipefeb, P., Pollack, A. D., and BAE«n, 
G.: Diffuse collagen disease. Acute disseminated 
lupus erythematosus and diffuse scleroderma, 
JA.MA., 229:331-332. 

1942 SAriiin, O.; Myocaiditis. A general rev**w 
with an analysis of 240 cases, Arch. Path , 33.88- 
137. 

1943 Baccenstoss, A. H., and Rosenberc, E. F.: 
Visceral lesions associated with cluonic infectious 
rheumatoid axtlmtis. Arch. Path , 35:503-516. 

1943 Bavles, T B.: Rheumatoid arthntis and 
rheumatic heart disease in autopsied cases. Am. J. 
M. Sc., 205.42-48. 

1943 Bennctt, G. a.: Comparison of the pathol- 
ogy of rheumatic fever and rheumatoid artliritis, 
Ann. Int. Med, 20:111-113. 

1943 CouLTLS', A. F., and Moore, L. V.: Nutrition 
as conditioning factor m rheumatic state. Am. /• 
Dis. Child., 65:744-756. 

1943 Cohn, A. E., and Lincc, Claire: The natural 
history of rheumatic cardiac disease: a statistical 
study. J.A.M.A., 222:1-8. 

1943 Davvsov, .M. H.: Discussion, Ann. /nf. .Med-- 
19;115, 

1943 Fincerman, D. L., antj Andrus, F. C.: 

ceral lesions associated with rheumatoid artiintis* 
Ann. Bheumat. Dis, 3:168-181. 



RHEUMATIC DISEASE 


693 


1943 Rich, A. R., and Gregory, J. E.: Experi- 
mental evidence that lesions with the basic char- 
acteristics of rheuroabc carditis can result from 
anaphylactic hypersensitivity, Bull. Johtis Hop- 
kins Hasp., 73.239-264. 

1943 Selye, H., and Pentz, E. Irene; Fathoge- 
netical correlations between penartenlis nodosa, 
renal hypertension and rheumatic lesions, Canad 
M. A. J., 49:264-272. 

1943 SsfYTH, C. J : Discussion, Ann. Int. Hed., 19. 
117. 

1944 Baggenstoss, A. H., and Rosenberg, E. F.: 
Unusual cardiac lesions associated with chronic 
multiple rheumatoid arthritis, AreJi. Path., 37 54- 
60. 

1944 Boyd, W.: The Pathology of Internal Dis- 
eases, ed 4. Philadelphia, Lea & Febiger, 857 pp 

1944 Crowley. N : Hyaloronidase production by 
haemolytic streptococci of human ongin, J. Path 
ir Bact . 56 27-35. 

1944 Ellman, P.: The heart in rheumatoid arthri- 
tis, Lancet, 2.531. 

1944 Ferooson, F. C., Kobujik, R. E., and Deit- 
RiCK, J. E.: Varices of the bronchial veins as a 
source of hemoptysis in mitral stenosis, Am. Heart 
J.. 28 445-456. 

1944 Fez, R A., AND Jones, L. R.: Vascular path- 
ology m rabbits following administration of for- 
eign protein, Proc. Sac. Exper. Biol. 6 MeJ , 55- 
294-295 

1944 Rosenberg, E. F., Baggenstoss, A. H , and 
Hench, P. S.: The causes of deatli in 30 cases of 
rheumatoid artlintis, Ann. Int. Med., 20 903-919. 

1944 Young, D., and Schwedel, J. B.: The heart 
in rheumatoid arthritis, study of 38 autopsy cases. 
Am Heart J , 28:1-23. 

1945 Clau’So.v, D. J.; Experimental endocarditis 
( rheumatic-hke and bactenal) in rats. Arch. 
Path., 40:153-157. 

1945 Feihinc, W.; Incidence of carditis in rheu- 
matoid arthritis. New York State J. Med., 45: 
1855-1860. 

1945 Paul, J. R.i Epidemiology of rheumatic fever. 
In Piersol, G. M., and Bortz, E. L.; The Cyclo- 
pedia of Medicine, Surgery, and Speciaftfcs. Plula- 
delphia, Davis, Vol. 3, pp. 629-634. 

1946 Ashworth, C. T.: AtlieroscleroCic valvular 
disease of the heart. Arch. Path., 42.285-298. 

1946 Berxson, j.: Limitations of the application 
of fourfold tabic analysis to hospital data. Bio- 
metrics Bulletin, 2.47-53. 

1946 Coss, J. A., Jn., and Boots, R. H.; Juvenile 
rheumatoid artimtis, }. Pediat., 29:143-156. 

1946 Guerra, F.: Tlie action of sodium salicylate 
and sulfadiazine on hyaluronidase, J. FharmaeoL 
is Exper, Thcrap., 87:193-197. 


1946 Haas, E.: On the mechanism of invasion: I. 
Anhvasin I, an enzyme in plasma, /. Btol. Chem., 
J63 63-88; JI. Promvasm I, an enzyme in patho- 
gei^c bacteria. Ibid., 163.89-99, III. Antivasin II, 
an enzyme in plasma. Ibid, 163:101-110. 

1946 MacNeal, J., Wardell, K., Blev/ns, .4., 
and Pacis, M. R.: Direct culture of rheumatic 
virus. Science, 103 620-621. 

1946 Moore, R. A.; Cellular mechanism of re- 
covery after treatment witli pemcilhn: subacute 
bacterial endocardibs, ]. Lab. is Chn. Med, 31: 
1279-1293. 

1946 Selye, H ; The general adaptation syndrome 
and the diseases of adaptabon. In Picrso], G. M., 
and Bortz, E. L.i The Cyclopedia of Aledicine, 
Surgery, and Specialities. Philadelphia, Davis, 
Vol. 15, pp. 15-38. 

1947 Cavelti, P. A.: Studies on tlie patliogenesis 
of rheumabc fever, experimental production of 
autoanhbodies to heart, skeletal muscle, and con- 
nechve tissue, Arch. Path , 44.T-29. 

1947 Hadfield, G, and Garrod, L. P.i Recent 
Adtxtnces in Pathology, ed. 5. Pluladelphia, Blak- 
iston, 363 pp. 

1947 Karsnep, H. T., and Kolbtskv, S.j Calcific 
Disease of the Aortic Valve. Pluladelphia, Lip- 
pincott. 111 pp. 

1947 Kyser, F. a., McCarter, J. C., and Stenclc, 
J : The eifect of antihistamine drugs upon serum- 
induced myocarditis in rabbits, J. Lab, is Chn. 
Med.. 32 379-386. 

1947 hfAU-OBY, T. B : Medical progress; pathology. 
New England J. Med., 23e.-438443. 

1947 McKeown, E. Florence: Experimental se- 
rum carditis and its rclabon to rheumatic fever, 
}. Path er Bact., 59.-547.S55. 

1947 Meveb, K.: The biological sigmfitance of 
hyaluronic acid and hyaluronidase, Physiol. Rcu., 
27:335-359. 

X947 Mustard, H. S.: Rheumatic fever in the 
perspccbve of public hcalUi, Am. J. Med., 2.609- 
615. 

1947 Pickard, N. S.i Rlicuniatoid arthritis in chil- 
dren, Arch. Int. Med.. 80.771-790. 

1947 Roceks, j,, and Rouuins, S. L.: Latent rheu- 
matic myocarditis, New England }. Med., 237: 
829-837. 

IW7 Sia.\E, If.: Textbook of Eiulocrinology. .Mon- 
treal, Acta Endoennologicj, Umversity of Mon- 
treal, 914 pp. 

1947 SvvifT, If. F.: Rheumatic fever. In Cecil, 

R. L.; A Textbook of Medicine, cd. 7. I’hiladel- 
plua, Saunders, pp. 168-183. 

1046 Ash, Rachel: The first ten )ears of rheu- 
matic infection in childluxid. Ant. Heart 36: 
89-97. 

1946 Claiut, W. S., and Bauui, \^^s Cardiac 
changes in ilicuinatuid artlinUs, Ann. Rheumot. 
Du., r.39-10. 



694 


PATHOLOGY OF THE HEART 


1948 Fischmasn, E. J., and Gwjnne, F. J.t The 
heart m rhcumatoicl arthritis, lint. Heart J , 10 
125-134. 

1948 Gruenwald, P.: Visceral lesions in a ease 
of rheumatoid arthntis, Arch. Path., 45.59-07. 

1948 Hall, E. M.: The heart. In Anderson, \V. 
A. D.: Pathology. St. Loins, Mosby, pp. 493- 
562. 

1948 Hamilton, T. R., Tan.nui, W. A., Plullv, 
E. M.. ANu VooiuiEES, G. S : UnexpcclcU death 
in children with rheumatic heart disease, (Absir.) 
Am. J. Path., 24;707-708 

1948 Hultcren, H. N’.: CaltiEc disease of die 
aortic salve. Arch. Path , 45 Q94-70Q. 

1948 Mever. K., and Ragan, C : Hyaluronic acid 
and the rheumatic diseases, Mod Conceftts Cat- 
diocas. Dm, 17: No. 2, Feb 

1948 Moritz, A. R.: Quoted by Hamilton, T. R.. 
Discussion, Am. /. Path., 24.708 

1948 Quinn, R. W.: Antihyaluroiiidasc studies of 
sera from patients with rheumatic fc'tr, strepto- 
coccal infections, and miscellaneous nonstrcplo- 
coccal diseases, }. Chn. Jnicst, 27;471-475 

1948 Ras'en, R. W., Weblr, F P , and Price, L 
W.: The necrobiobc nodules of rheumatoid arth- 
ritis, Ann. Rheumat Dts , "-OS-TS. 

1948 Spink. W. W . Genesis of rheumatic fever, 
Minnesota Med., 31.267-269. 

1948 Weston, W., Jr.: Rhaimatic fever m child- 
hood. J.AM.A, J37.67S-0S0. 

1948 Wilson, Mav C., and LuosaiEZ. Rose. 
Longevity in rheumatic fev er, / A..\/.A., 138.794- 
798. 

1949 Altsiculeb. C. H., and Ancl-vine, D. M.: 
Histochemical studies on die patliogcnesis of 
fibnnoid, Am. }. Path., 25:1061-1076. 

1949 Epstein, M , LuusaiEZ, R. L , de Cara, P. 
F., A.ND IViLSO.v, M. C.; Immunologic and bio- 
chemical studies in infants and children with 
special reference to rheumatic fever. VII. InJii- 
bitiou of hyaluronidase by sera. Pediatries, 4-569- 
578. 

1949 Gralp, I , Hickey, D. V , and Altmakn, V.: 
Cardiac lesions in rheumatoid arthntis. Am. Heart 
J, 37 635. 

1949 Harris, T. N., and Harris, S : Studies in the 
relation of tlie hemobtic streptococcus to rheu- 
matic fever. V. Streptococcal anb-hyahironidase 
(mudn-clot prevention). Titers m the sera of 
patients with rheumabc fever, streptococcal m- 
fech'on and otliers. Am. J. M. Sc., 2J7.-174-156. 

1949 Hench, P. S., Ke-sdall, E. C , Slocumd, C. 
H., AND Policy, H. F.: The effect of a hormone 
of the adrenal corte.x (17-hydroxy-ll-deh>drocor' 
ticosterone: compound E) and of pituitary adreno- 
corbcotropic honnoDe on rheumatoid artbnds: 
preluninary report, Proc. Staff Meet., .Mayo Chn , 
24;181-197. 

1949 J.A.M.A.; Queries and Minor Notes. 140.-1311. 


1949 More, R. IL, and .McLean, C. R.; Lesions 
of liypcrvcnsitivily induced in rabhits by massive 
injections of liorsc sinim, Am. ]. Path., 25:413- 
440. 

1949 Mnu’iiY, C. E, and Swirr, H. F.: Inductions 
of cardiac lesions, clusc-Iy resembling those of 
rhcuiiiatic fever, in rabbits following reiieatcd 
sLjii infecUons vvitli group A stn-ptucucci, J, Ex- 
per. Mai., S9.GS9-098. 

1950 Anosjvson, H. C., and .McCarty, M.: Deter- 
mination of C-reactivc protein in the blood as a 
measure of the activity of disease process in acute 
rheumatic fever. Am. J. Med., 8:445-153. 

1930 Baccenstoss, A. IL, a.nd Enclund, D. W.: 
Utipubhshed data. 

1950 Bwvaters. E. C. L.: The relabon between 
heart and joint disease including “rheumatoid 
heart disease" and chronic post-rheumatic arthntis 
(type Jaccoud), lint. Heart 12.-101*131. 

1950 Coon, R. A., and Cuck, D. J.: Mucolytic 
enzyme systems. IX: Nonspecific hyaluronidase 
inlubitor in rheumatic fever, J. Infect. Dls, S6: 
38-45. 

1950 Kalsman, P., AND PouAKotP, If.: Studies on 
the aging heart. I. The pattern of rheumatic heart 
disease m old age (a clinical-pathological study), 
Ann. Int. Med, 32.-8S9.904. 

1950 IClllly, V. C., Good, R. A., and .McQuAnnie, 

I - Serum mucoproteinv in children in health and 
disease with spnlal rvfmncc to rhctuiutic fever, 
PcJialnes, 5.624-835. 

1950 Mlhi’IIV, G. E., and Sw-ist, H. F.j The in- 
duction of ihcumatic-hke cardiac lesions in rab- 
bits by repcati-d focal infeebuns with group A 
strei»tococci, /. Eiper. .Mwl, 91.-435-49S. 

1951 Bland, E. F., a.nd Jon«, T. D.: Rheumatic 
fever and rheumabc heart disca.se, a twenty year 
report on 1000 patients followed since tluUfiCKxl, 
Circulation, 4.837-843. 

1951 Pacel, W.: Polyortcnlis nodosa and the 
“rheumabc" diseases, /. Clin. Path., 4.-137-157. 

1951 WiirTE, P. D : Heart Disease, ed. 4. New 
York, Macmillan, 1013 pp. 

1952 Kuscnsui, M., Ferrer. M. I.. Hahvlt, R. -M- 
AND Wylie, R. II : Rhc-umalic cardibs in sur- 
gically removed auricular appendages. Am. Heart 
J.. 43.286-292. 

1932 Locue, R. B, and Hurst, J. W.: Rheumatic 
fever dunng tlie first few years of life, and its 
differenbabon from endocardial fibrosis, Am. !• 
M. Sc.. 233.648-656. 

1952 McCarty, M.: Tlic immune response m rheu- 
matic fever. Hfieunictic Fetcr Symposium, edi- 
ted by L. Thomas, MinneapoLs, University of 
Minnesota Press, pp. 136-149. 

1052 Murphy, G. E.: Evidence tliat Aschoff liodies 
of rheumatic myocarditis develop from injured 
royofibers, J. Exper. Med., 95:319-332. 



RHEUMATIC DISEASE 


695 


1932 Rammelkamp, C. H., Jb , Weaveb, R. S , and 
Dingle, J. H.: Significance of epidemiological 
differences between acute nephritis and acute 
rheumatic fever, Tr. A. Am. Physicians, 65.168- 
175. 

1952 Rantz, L. a., Mabonev, M , and DiCapiuo, 
J. M.: Infection and remfechon by heinolybc 
streptococci in early childhood. Rheumatic Fever 
Symposium, edited by L. Thomas, Klmneapolis, 
University of Minnesota Press, pp. 90-103. 

1933 Enticknaf, J. B.. Biopsy of the left auncle 
in mitral stenosis, Brit Heart J, 15 37-46. 

1953 Golden, A, and Hurst, J \V Alterations of 
the lesions of acute rheumatic myocardibs during 
cortisone therapy, Circulation, 7-218-223. 

1953 Mainland, D . The risk of fallacious con- 
clusions from autopsy data on tlie incidence of 
diseases witli applications to heart disease. Am. 
Heart } , 45;644.654 

1953 McKeown, F.: The left auricular appendage 
in mitral stenosis, Bnt. Heart J , 15 433 438 

1953 Mule, F . Virus e streptococco nella etio- 
logia della febbre reumatica, Aggiornamento Pe- 
diatnco, 4 499 

1953 Sapkib, O, and Langendorf, R.: Nonspe- 
cific myocarditis in acute rheumatic fever. Am. 
Heart 1 . 46 432-442 

10S3 SoKOLOFF, L : The heart in rheumatoid arth- 
ritis, Am. Heart J , 45 635-643. 

1954 Babb, D. P., Rotodard, S., and Edeb, H A.. 
Atherosclerosis and aortic stenosis in hypcrclio- 
lesteremic .xanthomatosis, JAMA., J56 943-947. 

1954 Bevans, M., Nadell, J., Demabtini, F E , 
AND Racak, C : The systemic lesions of malig- 
nant rheumatoid arthritis. Am. J. Med., 16 197- 
211. 

1954 Luse, S a.. Rusted, 1. E., and Edwabds, J. 
E.. Aschoff bodies in surgically resected left 
auricular appendages and elsewliere in the heart 
in mibal stenosis. Lab Invest., 3.483-494. 

1954 Robinson, J. J.' Failure to produce rheumatic 
fever in rabbits by prolonged and intensive strei)- 
tococcus infection, A.Af.A. Arch. Path., 57.516- 
522. 


1955 Clabe, R. M., and Andebson, W.: Rheumatic 
acbvity in auricular appendages removed at 
mitral valvoplasty. Am. J. Path., 31.809-819, 

1955 Elsteb, S. K, and Wood, H. F.: Studies of 
C-reachve protein in patients wifli rheumatic 
heart disease. I. Lack of correlation between C- 
reacbve protein and Aschoff bodies in left auncu- 
lar appendage biopsies. Am. Heart J , 50-706'714. 

1955 Tedesciii, C. G , Wacneb, B. M , and Pani, 
K C. Studies in rheumatic fever; I The clinical 
significance of the Asclioff body based on mor- 
phologic observations, A M.A. Arch. Path , 60: 
408-422. 

1956 Molleb, C Aortic stenosis in the so-called 
rheuin.-itic lalviiJar dKease in a postmortem iiia- 
tenai, Acfa tned. Scandinav , J56 241-261. 

1956 ScHiLDEB, D P., Harney, \V. P., and Huf- 
nacel, C a.; Rheumatoid spondyhtis and aortic 
insufficiency. New England J. Med, 255.11-17. 

1956 Sinclair, R. J G , and Cruickshank, B. • A 
clinical and pathologic.il study of sixteen cases 
of rheumatoid arthritis with extensive visceral 
involvement, (“rheumatoid disease”). Quart. ]. 
Med. 25-313-332. 

1956 Wallach, j. B , Lukash, L., and Ancbist, 
A. A : Mechanism of death in rheumatic heart 
disease in different age penods, Am. J. Clin. 
Path , 26.360-367. 

1957 Clabk, W S., Kulka. J. P, and Bauer, W.: 
Rheumatoid aortitis with aortic regurgitation: an 
unusual manifestation of rheumatoid arthritis (in- 
cluding spondyhbs). Am J. Mesh, 22 580-592. 

1957 Valaitis, J , PiLZ, C. G., and Montcomebv, 
M. M. Aortitis with aortic valie insufSciency in 
rhainvitoid arthntis, A M.A. Arch Path., 63;207- 
212. 

1958 Edwards, J. E , and Burciiell, H. B.i Endo- 
cardial and intimal lesions (]et impact) as possi- 
ble sites of origin of murmurs. Circulation, J8: 
946-960. 

1958 CoeuRS, If., Slocumb. C. If., and Bagcen- 
SToss, A. H.: Unpublished data. 

1958 Laake, H.; Rheumatic tneuspid stenosis, Acta 
mcd. Scandinav., 161:109-116. 



CHAPTER X 


Nonrheumatic Inflammatory Diseases 
of the Heart 

A. Pericarditis 

Ono SAPiim 


Fluid in I’cntardi.il Sao &0O 


II>ilrnpcric.irilium . . . 


... .090 

Ilunopcnc.-irdium . 


. .. 097 

PnciiMi«p<rican]aa» . . . 


097 

Mill S|X)tN 


097 

Acute FcncanliUi , 


oo» 

Incidence of PtncurdiUs. . 


. ... 099 

Cau«c$ of Pericarditis .... 


699 


Viral IV-ricardilis 70.3 

TiilKrciiltitif i'trkanlitis 703 

Sypiiiliv uf IVncanIniin 701 

Otiur Jiikftioru 704 

Adhcrint IVncauliiiiii 703 

CaUincatioii of {’(ricariliani 707 

N'oiiicticialiirv • 707 

Ilibliogtaplty 707 


A nohmal PdoicAiiuiuxt, like nUicr numia) 
serous mcinliraues, is smooth, gtisteti* 
ing and transparent. It is glistening because 
it is covered by a single layer of tncsoilicli.tl 
cells; smooth because the cells arc similar 
over the entire pericardium and arc not cov* 
ered by any foreign material, transparent be- 
cause there is no other substance between 
the mesotliclium and the underlying subepi- 
cardial fatty tissue and myocardium. Any 
deviation from these three characteristics 
must be regarded as abnormal. In acute in- 
flammation, the cpicardium is covered with 
fibrin and appears dull because of the pres- 
ence of e.uidate over the mesothelia! cells; 
rough because of the irregular distribution 
of tlie euidate; and opaque because the 
underlying tissue is not visible. If the fibrin 
deposits are recent, they can be scraped away 
easily and tlie pericardium will again appear 
smooth, glistening and transparent. If the 
epicardium is smooth and glistening but 
opaque, so tliat the underlying subepicard/ol 
fatty tissue cannot be viewed, there is newly 
formed connective tissue between the epi- 
cardium and myocardium. SucU uewly 
formed connective tissue indicates, most com- 


monly, scar tissue and one is tints justified 
hi making a diagnosis of iicalcd {ciratm- 
scribed) pericarditis. 

Fluid in Pericardial Sac 

Kaufmann (1D22) stated tliat tlic amount 
of clear yellow fluid normally present in the 
pericardi.il sac is from 5 to 20 ml., and Hall 
(1918), 5 to 30 ml. According to Karsner 
(1955). the sjc contains about 20 to 50 ml. 
of fluid. In my experience, the figures that 
Karsner gixes seem more appropriate. An ax- 
ccssix’c amount of fluid indicates cither a 
transudate or an exudate. Larger amounts of 
fibrin are always characteristic of an c.\udatc 
wliile trunsudates contain a small amount of 
fibrin. 

llydropericardiuin (hydrops pericardii) is 
most often a sequela of generalized chronic 
passive liypcrcmia and may be part of gen- 
eral anasarca. Wflicn the fluid is c.xcessix’e, it 
may actually compress the veins which open 
into tlie atria. In such an event, the arterial 
pressure is decreased and the venous pressure 
is Increased. Tlie systemic pressure may be 
sustained for a considerable period of time 
by TOsoconstriction. Increased intrapericar- 
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dial pressure may affect the heart muscle and 
its rhythm as a result of relative anoxemia of 
the myocardium. Alteration of the normal 
variations of intrapericardial pressure, from 
accumulation of excessive pericardial fluid, 
may cause pulsus paradoxus. Sometimes, in 
old people, hydropericardium is the only 
manifestation of chronic passive hyperemia of 
serous cavities. Since, in such instances, the 
heart often is atrophic, the older patliologists 
coined tlie term Injdrops ex vacuo. Large 
quantities of pericardial fluid, measuring up 
to 1 to 2 liters, may cause astonishingly little 
disturbance (Hall, 1948). If, however, the 
pericardium is thickened as a result of pre- 
vious inflammation, small quantities of fluid 
may produce tamponade. The rapidity of ac- 
cumulation of fluid in the pericardial sac is 
also important; rapid accumulation of rela- 
tively small amounts of fluid (hemorrhage) 
often causes death, owing to tamponade of 
the heart, while large amounts of fluid that 
have accumulated slowly may be well toler- 
ated. An excessive amount of pericardial 
fluid is often found in myxedema. Scimitzer 
and Gutmann (1946) stated that the simi- 
larity of the electrocardiograms in cases of 
pericardial effusion and in cases of myxedema 
suggest a common abnormality, which may 
be the presence of excessive fluid in both of 
these disorders. They remarked that this find- 
ing would support die opinion that a peri- 
cardial effusion exists in many, if not in all, 
cases of “myxedema heart.” 

Hemopericardium. The presence of blood 
in tlie pericardial sac may be tlie result of a 
penetrating wound of the heart, rupture of 
an aneurysm of the ascending aorta or of Uie 
arcli of the aorta, rupture of a recent myo- 
cardial infarct, or of a mycotic errosivc myo- 
cardial aneurysm (see page 715). A hemor- 
rhagic exudate may be the result of infection 
such as tuberculosis or anthrax, of a primary 
or metastatic tumor, or of a disease having a 
hemorrhagic tendency. 

Pneumopericardium is a rare condition. It 
may be the result of perforating trauma, of 
perforation of a carcinoma of the esophagus 
or bronchus into the licricardiuin, or it may 
occur as a complication of a pyopneumo- 


thorax. Rarely gas-forming organisms may 
produce pneumopericardium, and the term 
pneumatosis pericardii may then be used. 

Milk Spots 

Tlie most common abnormalities of the 
pericardium are the so-called pericardial milk 
spots. Other terms are “soldier’s spots,” “ten- 
dinous patches” and “maculae tendineae.” 
Tliey were described as early as 1806 and 
since that time their origin has been disputed 
(Nelson, 1940). The old explanation for these 
spots was mechanical trauma. It was thought 
that pressure of the sternum upon the ventral 
^vall of the right ventricle, where these 
patches are most commonly located, pro- 
duced chronic irritation and resultant chronic 
inflammation, with new formation of connec- 
tive tissue between the epicardium and myo- 
cardium. It was also thought that the straps 
of knapsacks carried by soldiers produced 
such chronic irritation upon the t'isceral peri- 
cardium; hence, such patches were called 
“soldiers spots.” Multiple patches are some- 
what more frequent than single ones. Most 
commonly they are from 1 to 3 cm. in great- 
est diameter. Tlie right side of the heart is 
much more commonly involved than the left 
side. 

Nelson, who studied 494 hearts of patients one 
year aid and oter, found 170 (54.4 per cent) 
widi one or more pericardial milk spots. Of 439 
persons 18 years old and over, Uie liearls of 
165 (37.6 per cent) had such milk spots. Nelson 
concluded tliat there should be a definite and 
marked increase of incidence with age, if Uie 
production of milk spots were on a purely rne- 
clianical or age basis. However, he could not 
demonstrate such an increase. 

Microscopically, milk spots are character- 
ized by new formation of connective tissue 
wliich is «>vered by normal-appearing mcjo- 
tlielial cells. Tlie connective tissue is loose, 
and often collections of lymphoid cells arc 
observed. Occasional!)’, small foci of meso- 
tliclial cells, forming pseudo-glandular or 
canalicular formations, are notctl within the 
loose connectiv’e tissue. 

It seems evident that these milk spots arc 
the result of old circumscribed pcn'cardilis. 
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Figure X»l. Urcailc pericarditis. Fibrinous exudaie. 

{WCGH, 46 P 14.) 

Nelson noted their association svith chronic 
or recurrent valvular heart disease. In his 
series, the size and the number of milk spots 
were often increased in patients who had se* 
vere coronary atherosclerosis and enlarged 
hearts. In 20 per cent of hearts that had milk 
spots, Nelson noted transitions from an active 
inflam matory process tO the usual type of 
fibrosis. 

Acute Pericarditis 

Tlie gross picture of acute serofibrinous 
pericarditis is characteristic. Early lesions arc 
particularly well seen on the visceral peri- 
cardium (epicardium). The epicardium loses 
its gloss and has a deposit of fibrin, giving it 
a fine granular appearance. In tliis stage the 
pericardium looks like velvet. Sometimes, 
when inspected with a magnifying glass, the 
fibrin is seen in tlie form of a minute net- 
work which may be scraped away easily with 
a scalpel. Such early fibrinous pericarditis is 
often noted in the region of the pericardium 
covering tlie great vessels and is probably 


in tliis region of reduplication of the peri- 
cardium. Later, when more fibrin is de- 
posited, tlie netlike arrangement of the fibrin 
is no longer recognized. The fibrin becomes 
arranged in small and large nodular clumps 
and is distributed lliroughout the parietal 
and visceral pericardium. Still later, the fi- 
brin appears in the form of characteristic 
villi, in more or less isolated masses, while the 
remainder of the pericardium may be more 
diffusely covered with fibrin. Tins is tlie so- 
called “bread and butter c.vudate” or tlie cor 
t-iUosum, the latter term indicating the re- 
semblance to sheep’s fur. In addition to the 
deposit of fibrin, some pus is usually present. 
If the amount of fluid is minimal, the term 
pericarditis sicca is used. Also, if initially 
both fibrin and serum are present, the serum 
alone may be absorbed and thus pericarditis 
sicca may result. Thomas and associates 
(1953) found a “dry” evudate (pericarditis 
sicca) 8 times among 3S cases of rheumatic 
pericarditis. According to Ribbert (1897), 
Monckeberg explained tlie formation of vjlli 
as follows: 

During diastole tlie epicardium is well ex- 
panded but during systole it becomes re- 
laxed and wrinkled. M'hen fibrin is formed, 
it is deposited principally within the base of 
the wrinkles; tliereafter, additional fibrin be- 
comes adlierent to older fibrin and thus the 
so-called villi are formed. 

Microscopically, acute pericarditis is sim- 
ilar to inflammation of other serous mem- 
branes. The pericardium is covered by fibrin 
witli many enmeshed polymoriihonuclear leu- 
kocytes, a few lymphocj’tes and occasional 
histiocytes. The subepicardial layer contains 
dilated capillaries. Some lining mesotlielial 
cells may become desquamated, whereas 
odters are swollen or shoxv fatty degeneration. 
In purulent pericarditis, pnljinorphonuclear 
leukocytes are abundant and many of them 
sliow degeneratix'e changes. In severe peri- 
carditis the superficial layers of the myocar- 
dium also are often involved. 

In uremic pericarditis most of the exudate 
consists principally of fibrin (Figure X-1). 
Only a few polymorphonuclear leukocytes arc 
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Often, acute fibrinous pericarditis may heal 
witli complete restitution. The lining meso* 
thelial cells regenerate and the inflammatory 
exudate is absorbed. At other times the acute 
inflammatory exudate becomes organized and 
is eventually replaced by granulation tissue 
and scar tissue. Such scars may be confined 
to one of the layers of the pericardium. Since 
they are completely covered by regenerated 
mesothelial cells, they appear smooth and 
glistening but opaque. If fibrin extends from 
the visceral to tlie parietal layer of tJie peri- 
cardium, newly-formed blood vessels and 
eventually young fibroblasts and connective 
tissue fibers will extend from one layer of 
the pericardium through the fibrin masses to 
the opposite layer. Thus, organization of fi- 
brin is essential for the production of ad- 
hesions between the visceral and parietal 
pericardium. Gradually granulation tissue, 
extending from both the visceral and parietal 
pericardium, tra\'erses the exudate. The en- 
tire pericardial cavity may become com- 
pletely obliterated by adlicsions to produce 
an ad/iesice pericarditis with ohlitcration of 
the pericardial cavity. The term synechia 
cordis is also sometimes used to indicate ad- 
hesions between the two layers of the peri- 
cardium. 

Tlie behavior of the lining mesothelial cells 
in healed or adhesive pericarditis is inteiest- 
ing. It often happens that regeneration of 
these cells occurs at the base of the normal 
cpicardial wrinkles. ^VlJe^, because of the 
organization of the exudate, the wrinkles or 
crevices are bridged over by connective tis- 
sue, regenerated mesothelial cells also grow 
on the inner surfaces of these connective tissue 
bridges and lino the spaces thus created. On 
microscopic section, theiefore, many thin 
spaces lined by mesothelial cells may be 
found within the scar tissue close to the peri- 
cardial surface (Ribbert, 1897). Since these 
lining mesothelial cells are often somewhat 
swollen, the spaces resemble glandular or 
adenomatous structures ( Figure X-2) and 
occasionally may gi\'o rise to droplike cysts 
coiXTing the i>ericardium (Lauche, 1919). 

In healing of acute pericarditis, when the 
inflammation also involves (he external sur- 


faces of tlie parietal pericardium (external 
pericarditis), adhesions may involve the me- 
diastinum and adjacent pleura, lungs and 
intercostal muscles. The term mediastinoperi- 
carditis is used in such cases 

Incidence of Pericarditis 
Wells (1902) found pericarditis in 128 of 
1048 autopsies; 57 were classified as acute 
and 71 as chronic. Locke (1916) found acute 
pericarditis 150 times and chronic pericar- 
ditis 209 times among 3683 autopsies; 88 had 
milk spots. Among 118 instances of acute 
pericarditis, 42 were classified as fibrinous, 
33, serofibrinous; 4, hemorrhagic, and 39, pur- 
ulent. Musser and Herrmann (1926) found 
eilJier acute or chronic pericarditis in 11.9 
per cent of 1720 autopsies. Smith and Willius 
(1932) reported pericarditis in 373 of 8912 
autopsies, 144 were classified as adherent 
pericarditis. These authors also commented 
upon a distinct predominance of males in the 
statistics of acute pericarditis. 

Causes of Pericarditis 
Pericarditis is usually the result of invasion 
of the pericardium by bacteria. Exceptions 
to this general rule are met in rheumatic 
fever, snyocardial wSarcts, kidney lesions 
(uremic pericarditis), and tumors (Figure 
X-7). Bacteria may enter the xiericardiiim as 
a result of a perforating trauma and of in- 
flammations of neighboring organs or struc- 
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Figure X-3. Early libniiopunilcnt pericarditis secondary to empyema oi 
pleural cavity. From a man of 4G. (WCGH, 44 A 412. J 


tures. In such cases it is not always neces- 
sary to demonstrate tlie actual extension of 
the inflammation from the pleura (Figures 
X-3 and 4), lymph node or anterior mediasti- 
num into the pericardium, since bacteria may 
Hnd tlieir way to the pericardium by lym- 
phatic spread or “migration,” as in instances of 
peritonitis (Wile and Saphir, 1932). Pericar- 
ditis is not a rare complication of myocarditis. 
On the otiicr hand, pericarditis may also lead 
to myocarditis. Only rarely may one demon- 
strate actual extension into the peric.irdial sac 
of an abscess of a lymph node, or of a myo- 
cardial or pulmonary abscess, or of a pleural 
empyema. 

Zodikoff (1947) recorded an instance of multi- 
ple abscesses in the liver with rupture into the 
pericardi.ll sac. Smitli and Willius ( 1932) pointed 
out that oericarditis. in their series of 373 cases. 


was associated witli the following conditions, in 
the order given: (1) rheumatic fever, (2) intra- 
tlioracic infection, (3) cardiac infarction, (4) 
syphilis (its ctiologic role, however, was doubt- 
ful), and (5) neoplastic invasion. Egelius and 
associates (1955) found pericardihs 7 times 
among 13 cases of rheumatoid arthritis. 

It is sometimes difRcult or impossible, clin- 
ically, to determine the cause of chronic pefi- 
carditis. The importance of exact diagnosis 
has become evident with tlie development 
and increased use of chemotherapeutic aiid 
antibiotic agents. Pericardial biopsy, as n 
diagnostic procedure, permits actual direct 
examination of tlie pericardial tissue. Hovv- 
ever, in 5 of 16 patients with pericarditis 
studied by Proudfit and Efller (1956), tlie 
etiology still remained unknown in spite oi 
this procedure. 
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Pericarditis associated with rheumatic 
fever, acute bacterial endocarditis, subacute 
bacterial endocarditis, and myocardial infarc- 
tion will be discussed elsewhere. 

Pericarditis occurs as a complication of 
pyeinias. In such instances, the question is 
often raised whether the pericardium be- 
comes infected directly by bacteria circulat- 
ing in the blood stream (primary pericar- 
ditis) or whether the organisms produce a 
small abscess adjacent to the pericardium, 
with perforation of the abscess and resulting 
secondary pericarditis. From studies of the 
etiology of tuberculous meningitis (Rich and 
McCordock, 1933) and from personal experi- 
ence, the latter mechanism seems mucli more 
likely. Careful gross and microscopic studies 


will almost always disclose a small or minute 
abscess, most commonly located within the 
adjacent myocardium or other adjacent struc- 
tures, with secondary pericarditis. (See also 
Wile and Saphir [1932] for their discussion 
of so-called primary peritonitis. ) Perhaps an 
exception to this general rule is the acute 
pericarditis found in acute rheumatic and 
similar infections, however, since the myocar- 
dium is so often involved in rheumatic dis- 
ease, the pericarditis may represent an exten- 
sion of the myocarditis. Among 113 cases of 
pericarditis with effusion (Smith and Willius, 
1932), only 3 were non-inflammatory and 3 
were of tuberculous origin; the remainder 
were classified as acute purulent and acute 
fibrinous pericarditis with effusion. Most 



Figure X-4. Organizing acute fibnnopuruicnt pericarditis sccundar}' to 
cinp>cina of pleural cavity. Pencaidial cavity contained appro\iinatcl> 
1000 ml. of fiuid. From a man of 70. (WCCH, 40 A 132.} 
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Figure X-S. Tuberculous pencorditu From a 66->ear-old man. (WCCH, 45 A 265.) 


often, Uie pericarditis was associated witli an 
intratLoracic infectious disease. These au- 
thors felt tliat die presence of infectious inlra- 
thoracic disease favored the invoUement of 
the pericardium, and that, in infectious proc- 
esses of the body as a whole, the chances of 
de%’elopment of pericarditis are e\’en greater. 
Tims, the presence of infection should always 
focus attention on tlie pericardium, so that 
purulent pericarditis (Figures X-3 and 4) or 
fibrinous pericarditis with effusion may be 
recognized more commonly. In myocardial 
infarcts, if tlic necrosis is close to the peri- 
cardium, serofibrinous pericarditis may re- 
sult. This occurs especially in full-thichness 
infarcts. Tlie ensuing pericarditis is inter- 
preted as an c.\ample of a “sterile” inflamma- 
tion, the necrotic muscle fibers causing a non- 
SiJcdfic reaction, not only of tlic surrounding 
interstitial tissue, but also of the pericardium. 
Inasmuch as numerous polj-morijhonudear 
leukocytes surround and infiltrate infarcted 
muscle fibers, usually large numbers of poly- 


morphonuclear leukocytes axe also present in 
such a pericarditis. It is noteworthy that 
such a pericarditis is not necessarily confined 
to tlic portion of tlie pericardium adjacent to 
tlie infarct, but may be difi'use. 

Any pathogenic microorganism may on 
occasion cause acute pericarditis, but staphy- 
l<^cci, streptococci, and Pseudomonas aeru- 
ginosa are commonly found. Pastcurclla iu- 
larcnsis (Meredith, 1950) is a rare cause, 
Hensler (1953) studied 2 instances in which 
Haemophilus influenztie was the causative or- 
ganism. Infections with amebae and \’arious 
fungi ha\e likewise been reported. Any or- 
ganism capable of causing endocarditis or 
myocarditis may also be responsible for peri- 
carditis (see page 719). 

tlrcmic 7Jericflrf/j7is, usually classified as 
chemical pericarditis, is characterized by the 
rarity of polymorphonuclear leukocytes. The 
mechanism of its production is not known. 
Wacker and Merrill (19S1) staled lliat ure- 
mic pericarditis occurs in about 18 per cent 
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of patients witli acute renal failure, and in 
51 per cent of those who die with chronic 
renal failure. 

Pericarditis of unknown origin has been 
called “acute nonspecific pericarditis,** “be- 
nign pericarditis of unknown origin,” and 
“idiopathic pericarditis.” Often a virus has 
been postulated as the cause. Many such 
cases have been reported in young adults. 
The prognosis is usually good. 

Davies (1952) has given a short review of tlie 
literature and discussed the x-ray and elcctro- 
cardiograpliic Endings in 5 cases. Fatal cases 
were reported by Pomerance and associates 
(1952) and McCord and Taguchi (1951), but 
Carmichael and co-workers (1951) stressed that 
long-tenn follow-up usually indicates a good 
prognosis. Rabiner and associates (1954) traced 
only 1 instance of chronic constnetive pericarditis 
to the acute benign form. Because of certain 
similarities with rare cases of pericarditis asso- 
ciated with infectious mononucleosis (Miller et 
ai, 1953, Shugoll, 1957; Gerbaut et ai, 1958), 
epidemic parotitis (Magida, 1951), and ceitain 
respiratory infections commonly regarded as viral 


in ongiii (Rosenow and Cross, 1931), and be- 
cause all cultures remain sterile, it is usually 
believed that tliese pericardial infections are like- 
wise of viral origin. Cross and Charles (1953) 
concluded that, because of the frequent associa- 
tion of pericarditis and certain respiratory infec- 
tions, the pericarditis may be caused by a vinis. 

Tuberculous Pericarditis. In disseminated 
miliary tuberculosis, tubercles may be found 
in the pericardium. Karsner (1955) has 
pointed out that, while the pericardium that 
is the seat of miliary tubercles often has little 
or no inflammation, in tuberculous pericar- 
ditis the inflammation is marked, whether it 
is acute or chronic. At autopsy the pericar- 
ditis is usually chronic, with extensive ad- 
hesions of botl) layers of the pericardium, 
remnants of fibrin and much caseation (Fig- 
ure X-5). Conglomerate tubercles (Figure 
X-6) also are ohen present. Tlie exudate is 
usually fibrinous in type, with varying 
amounts of hemorrhage. 

Harvey and Whitehill (1937) studied 95 in- 
stances of tuberculosis of the pericardium. Peri- 
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Figure X-7. Fibrinosanguincous pencaxcJial exuOattf 
m myelogenous leukemia. Fron> a 9*j’car*oId boy* 
(WCGH, 57 A 276.) 

cardial fluid \>ds examined during life tit 13. In 
2 of these cases, acid-fast bacilli were found in 
smears of tlie sediment, and m I case, the organ- 
ism was cultured; in 5 cases, tubercle bacilb 
were proved to be present by guinea pig inocula- 
tion. In 7 of tlie 13 cases, therefore, the diag- 
nosis was supported by smear or proved after 
gumea pig inoculation. In 12 instances a con- 
siderable amount of fluid was present wiUiin the 
pericardial sac. The fluid was usually blood- 
tinged and varied in quantity from 150 to 1350 
ml. The pericardial cavity was always enlarged- 

In most instances of tuberculous pericar- 
ditis, the parietal pericardium is ihiclcened 
and leathery, and often nodular tubercles aiC 
visible from without. Thick, fibrous, organiz- 
ing adhesions arc sometimes noted with ad- 
hesions of the pericardium to lungs, dia- 
phragm and sternum. The visceral layer is usu- 
ally covered by a mass of thick, shaggy, flaky', 
red fibrin, often assuming a corrugated ap- 
pearance. Below the superficial layer of 
fibiin, tlvere is a zone of granulation tissue* 
On section, many circumscribed, minute, yel- 
low, opaque areas are scattered throughout. 
Sometimes tuberculous lymph nodes aie 
present adjacent to the pericardium. Most 
frequently the peribroncliial peritracheal and 
mediastinal nodes are involved and, less com- 


monly, tlio periaortic and anterior medias- 
tinal nodes. Often the pericardial sac is ob- 
litcn'aled by fibrous tissue, and yellow areas or 
nodules with necrotic centers or plaques of 
calcification may be seen. 

Ill one instance Harvey and Wliitehill (1937) 
tliought that tJie tuberculous pericarditis was 
primary, since at autospy tlie mediastinal nodes 
were iionn.'il, the lungs showed no abnonnalities, 
and no oUier tuberculous lesions were found. 
Among 136 autopsies perfonned on children with 
various fonns of tuberculosis, tuberculous peri- 
carditis was found 8 times by Boyd (1953). 
Baird and Walsh (1954) stated tliat the inci- 
dence of tuberculous pericarditis among all pa- 
tients coming to autopsy was 1 per cent. 

In a study by Myers and Hamburger (1952), 
of 9 patients with ch'uical tuberculous pericarditis 
not treated willi streptomycin, 5 died within a 
period of a few montlis, from miliary spread of 
tuberculosis or from cardiac failure. Spontaneous 
healing of the pericarditis occurred in the other 
4, but tuberculous foci subsequently appeared 
elsewhere in tlie body. Three oUier patients 
treated with streptomycin recovered. A peri- 
cardiocentesis and die demonstration of tubercle 
bacilli in the removed fluid aided in tlie clinical 
diagnosis of some of these patients. 

Syphilis of tlic Pericardium. Cnmmofa of 
the pcric.irdium have been reported in the 
older literature (see Monckeberg, 1924). 
They are extremely r.ire. The occurrence of 
syphilitic pericarditis is questioiwhle. Stock- 
mann (1964), who collected from the litera- 
ture 79 instances of gumma of the myocar- 
dium, found Uiat 10 of these hearts also had 
pericardial lesions. Six of the 10 showed 
either complete or partial adhesions of both 
layers of the pericardium. 

Other Infections. Cornell and Shookhoif (1944) 
coUected 65 instances of aclinonnjcosis of the 
heart and mentioned involvement of tlie peri- 
cardium. Amebic pericarditis had been described 
22 tiroes, according to Kem (1945), though peri- 
cardial involvement in the course of amebic 
abscesses of tlie hver has been reported more 
frequently. Kem studied an instance of amebic 
pericarditis subsequent to extension of an amebic 
abscess of the hver. Endamoeba histolijtica was 
demonstrated in the pencardium. The clinical 
impression had been tuberculous pericarditis. 
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D’Mello (1947) reported perforation into the 
pericardial sac of a large amebic abscess of the 
liver, with the production of pericarditis and the 
finding of amebre in the pencardial cavity. (See 
page 824.) 

We have observed an instance of a geothnx 
infection of Uie pericardium and ni)'<xardiunfi. 
The portal of entrance was apparently the region 
of the pharynx. The patient had been admitted 
to the hospital for treatment of a reticulum cell 
sarcoma. When he developed acute pharyngitis 
with fever, large amounts of penicillin were ad- 
ministered. He died 10 days later from a pulmo- 
nary and systemic fungus infection which In- 
volved tlie myocardium and pericardium. 

Adherent Pericardium. Adhesions between 
the parietal and visceral layers of the pericar- 
dium may represent either clironic pericar- 
ditis or the end-stage of acute pericarditis. 
Tlie chronicity of the inflammation must be 
proved microscopically, t.c., there must be 
evidence that active inflammation is still pres- 
ent and has not come to a standstill. True 
chronic adhesive pericarditis is common In 
rheumatic fever and in tuberculosis. As a 
result of adhesions between the two layers 
of the pericardial sac, the pericardial cavity 
may be partially or completely obliterated 
(synechia cordis). The older pathologists 
spoke of “concretio cordis.” The connective 
tissue forming tliese adhesions often becomes 
hyalinized and sometimes calcified, particu- 
larly in old tuberculous pericarditis. Well- 
marked calcification of portions of the peri- 
cardium occurred in 15 of the 144 cases of 
adherent pericarditis reported by Smith and 
WUlius (1932) and in 4 of Wells’ (1902) 
series. Wells pointed out that synecliia cordis 
may be present without any effect upon the 
patient. 

Mediastinopcricarditis refers to tlie con- 
dition in which fibrous tissue binds the heart 
firmly to the adjacent tissues, including the 
rigid structures, ribs and their cartilages, ster- 
num and Vertebral column. In the older 
literature, tliis was called accretio cordis. Tlic 
firm attachments of the heart to the neiglibor- 
fng structures frequently result in retracfioii 
of the precordial interspaces with each con- 
traction of the heart. This is regarded by 
most observers as an added burden on tlie 


heart, and it may be a factor in the cardiac 
enlargement and heart failure which occur 
not infrequently in these patients. Laws and 
Levine (1933) found tliat tlie average weight 
of the heart in patients with mediastinoperi- 
carditis and valvular disease (654 grams) was 
greater than the weight of the heart in pa- 
tients with valvular disease only (534 grams). 
Tliis may indicate that external adhesions in- 
crease the work of the heart. However, many 
investigators doubt that hypertrophy is the 
direct result of overwork of the heart because 
of adhesions. Hypertrophy is often encoun- 
tered in such hearts and is explained on the 
basis of valvular lesions which also are often 
present. It must be pointed out that it is 
extremely difficult to detennine the weight 
of the heart in instances of old pericarditis 
with adhesions ( constrictive pericarditis and 
mediaslinopericarditis). The weights usually 
given represent tlie combined weight of the 
heart and the adhesions, and it is difficult to 
judge the degree of hypertrophy. Usually, 
when old valvular diseases are found, the 
hypertrophy of tlie heart is believed to be 
the result of these valvular changes. Thus, 
in a case of Mallory (1947), the heart and 
the pericardium together weighed 450 grams 
but tile heart was actually small, its weight 
being estimated to he about 250 or 275 grams. 
Mediaslinopericarditis may be caused by 
rheumatic fever or by tuberculosis, or may 
be a complication of purulent pericarditis. 
Constrictive pericarditis. Sometimes, as the 
result of healing of purulent or tuberculous 
pericarditis, dense and thick adiiesions are 
formed, and layers of the pericardium may 
become rigid and actually cause limitation 
of the diastolic expansion of the heart ( M'elJs, 
1902). This condition is termed constrictive 
pericarditis. The outstanding physiologic ef- 
fect in such patients is the reduced inflow of 
blood to the hciirt. Tliis is recognized clin- 
ically by dyspnea on exertion, cyanosis, as- 
cites, increased x’enous pressure, and low 
pulse pressure. Blalock and Burwcll (19U) 
defined cJiranic constrictive pcric.Trdttis as a 
thickening and contraction of the pericar- 
dium or epicardium, or both, to the extent 
of interference with the nonnal action of the 
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lieart. The pericardial sac may bo completely 
obliterated or may ha\e areas in which the 
two layers are not adherent. The pericar- 
dium may or may not exhibit areas tif calci- 
Bcation; usually it dues not. Small collections 
of fluid may be trapped between tlie thicb- 
cned epicardium and pericardium. Associ- 
ated disease of llie heart itself is rare, except 
for atrophy of the myocardium in adx'-anccd 
cases. In a number of re^mrls, this condition 
was recognized clinically and operation was 
performed to cut the adhesions (beck, 1931. 
Blalock and Burwcll, 1941). From the fore- 
going, it is evident that mcdiastino|HTicar- 
ditis occasionally may lead to so>nc obsinic- 
tion of flow of bhxxl to the heart, particularly 
if the region of entrance of the inferior vena 
cava into the right atrium is involved. This 
type of mediastmopericarditis is also referred 
to as constrictive pericarditis. 

It is sometimes stated (hat constrictive 
pericarditis is caused by rheumatic fcx'cr. 

However, Harrison and White (1912) arc cer- 
tain that rheumatic fever is rarcls. if ever, an 
cUoIogic factor. It is apparcull> much itiorc 
often caused by tubcrcutusis 

Pick, os early as 1800, coiicludcil tli.at a com- 
plex of S)'mptoms similar to that produceil by 
primary cirrhosis of the liver could be caused by 
an old but clinically latent fibrous pencarditis 
As a result of the pericarditis, circulatory disturb- 
ances of the liver ensue, with stasis in Uic portal 
circulation and proliferation of connective (issue 
within the liver, and iiiully severe ascites. lie 
used the term "pericarditic pseudocirrhosis of the 
liver." He also emphasized that the s>iidromc of 
Curschmann, characterized by severe ascilcs and 
perihepatitis, was Uie result of an old pericarditis. 
Curschmann (1S84) had stated that pnmary 
penhepabtis (frosted Lver, liyaloeapsulibs) may 
be so severe as to emse encroachment upon the 
liver parenchyma and the branches of the portal 
vein by the iiewly-fonned contraebng connective 
tissue and thus produce severe ascites. However, 
Pick pointed out a few years later that Cursch- 
manns patient also had on old pcricardib's. Pick, 
therefore, thought that the ascites and penhepa- 
btis were the result of the old pericarditis. Eisen- 
menger (1900) admitted that severe ascites may 
occur in adhesive pericardibs in the absence of 
edema of the lower extremities. He thought that 
the ascites was not the result of vascular disturb- 


ances widmi the liver itself, witli consequent 
fibrosi<, blit that it w.is earned by several factors, 
primarily L'omprcssioii or angiil.ition of the in- 
ferior vena cav.a or perliaps localized pcntoiiitis 
at the lulus of the liver. Therefore, he condemned 
die lenn "jiericarditic pseiidotinhosis of the 
liver," because this terminology would embrace 
only a single etiologic factor. .Monckelicrg 
(1921) advoc.i(ed the tenn "Pick's disease" for 
tlmsc iiutanecs hi which adhesive pericarditis, 
adhesive plcuntis and hplocapsulitis (Ziickcr- 
guss. c-tkc-icing) of the liver, .ire present. It is 
imperative in such iiistaiicvs to esuitiiliiu carefully 
die inferior veiu cava at its entrance into the 
nght atrimii. Because of niedi.istiriopcricardibs, 
this portion of the inferior vena cava may become 
lurrowctl .xnd lead to severe distention of the 
hepatic veins and ascites. Monckeberg also de- 
seniK'd a type of old {wricarditis without adhe- 
sions, but with markcHl fihrosls of both la>crs of 
the (H'ncardmin, .also with nmliiles consisting of 
completely organized fihrin covcrc'd by mesothe- 
hiim Both liven of (he penrardhun may then 
luve (luck, white, smooth or nixlular surfaces, 
and the tenn "frosted" pericardium (Zuckergiiss- 
herz) iiuy be applied. Kaufmann (1922) pointed 
out tlut such a "frosted" pericardium m isartio 
ular m.iy give nse to Pick's s)’ndromc witli hjalo- 
capsulitis of liver and spic'vn (Zuckcrgusslubcr 
and Ztickcrgussmilz). White (lOol) stated tliat 
Pick's disease may or may not be associated with 
poivserosilis (Concato's disease). 

Occasionally, as a result of an adhesive peri- 
carditis. granulation tissue and resulting scar tis- 
sue cause narrowing of the infenor vciu cava at 
the site of its entrance into the nglit alnum. Tliis 
constriction is situated just above the opening of 
the hepatic veins into the vcmi cava. Apparently, 
because of the angle formed by the vena cava 
and the hcjpbc veins, there is a damming back 
of blood into (he liver. The circulation of the 
vena cava below this level is rcbtivcly not im- 
peded. The openings of the hepatic veins into Uie 
inferior vena cava, however, are greatly dilated 
and, as a result, the liver develops a diffuse peri- 
portal fibrosis but nut a tnic cirrhosis. Ascites 
then appears but is not accompanied by edema 
of the lower exbemibes. In a paUent observed 
by us, tlie asates was early and persistent, but 
there was no edema of the lower extremities. It 
is evident that these changes will be much more 
severe if complicated by old endocarditis of the 
tricuspid valve, since insufficiency of this valve 
increases the resistance of inflow into Uie right 
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atrium. This type of pericarditis is really a medi- 
astinopericarditis. 

Pericarditis with much cholesterol within the 
inflammatory exudate was described first by 
Daniel and Puder (1932), and later by Merrill 
(1938). It was suggested by the former autliors 
that the cholesterol was a secondary deposit in 
certain instances of tuberculous pericarditis with 
hemorrhage into the pericardial sac. From the 
description, however, it seems possible to explain 
the presence of cholesterol as a result of a coinci- 
dental fat necrosis occurring within the subepi- 
cardial fat tissue. Creech and associates (1935) 
reported the associahon of "cholesterol pericar- 
ditis” with myxedema. 

Calcification of the Pericardium is occa- 
sionally seen as the end result of an old peri- 
carditis. It is found relatively often in as- 
sociation with tuberculous pericarditis. 

Among Smith and Willius’ (1932) 1-14 cases 
of chronic adherent pericarditis, there were 15 
with calcification of the pericardium. In one 
heart the calcification involved the entire peri- 
cardium with the exception of a small portion of 
the apex. These authors also thought that the 
single etiologic factor whicli affected the largest 
number of patients was rheumatic infection. In 
Harrison and White’s (1942) senes, 43 per cent 
of hearts had calcification of the pericardium. 
However, as stated before, they believed that 
rheumatic fever is rarely, if ever, an etiologic 
factor. Monckeberg (1924) was of the opinion 
that old masses of fibnn which do not become 
organized, gradually become calcified. Very 
rarely the entire pericardium may consist of many 
masses of calcium. This condition may be found 
at autopsy in persons who had no cardiac symp- 
toms during life. 

Nomenclature. Various terms have been 
used to describe adhesions between the peri- 
cardium and the adjacent structures. By ad- 
hesive pericarditis is meant adhesions be- 


tween the visceral and parietal layers of the 
pericardium. Synechia cordis and concretio 
cordis are older terms. Such adhesions may 
not produce clinical evidence of disease. 

If adhesions are found between the outer 
portions of the pericardium and adjacent 
structures, the term mcdiastinopericarditis is 
applied. Tlie older nomenclature was accretio 
cordis. Mcdiastinopericarditis may not neces- 
sarily cause obstruction of flow of blood to 
the heart. It is often seen in old rheumatic 
fever, accompanied by evidence of old endo- 
carditis. The hypertrophy of the heart is often 
the result of co-existent valvular disturbances. 
Coiis/rictioc pericarditis is a form of me- 
diastinopericarditis in which mediastinal ad- 
hesions to the pericardium have produced 
disturbances of inflow of blood. Such dis- 
turbances may be caused by constriction in 
the region of the inferior vena cava just as 
the latter enters the right atrium and also 
by constriction elsewhere in the right atrium 
or in the ventricle. Rarely, rigid (calcified) 
layers of the pericardium cause limitation of 
the diastolic expansion of the heart; such a 
pericarditis is also classified as constrictive 
pericarditis. Angulation of the inferior vena 
cava in the region close to the openings of 
the hepatic veins into the inferior vena, cava 
may be caused by mediastinal adhesions. 
(Such patients may have severe ascites but 
no edema of the lower extremities.) Constric- 
tive pericarditis rarely is caused by rheu- 
matic fever and more commonly, by tubercu- 
losis. 

In Pick’s disease there is constrictive peri- 
carditis with angulation of the inferior vena 
cava close to tlie opening of the hepatic veins, 
and associated polyserositis with perihepatitis 
and perisplenitis. 
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P ATHOLOGY lias cleared tlie way for clinical 
medicine in providing an explanation for 
many clinical signs and symptoms. In this 
chapter, wherever deemed important, refer- 
ence is made to clinical medicine and to 
therapeutic agents. Obviously, in order to 
have a proper understanding of disease in 
the patient, one must have a knowledge of 
the pertinent pathologic changes. 

This cliapler concerns Uie various endocar- 
dial lesions, with the e.\ception of rlieuntadc 
endocarditis which has been treated sep- 


arately (Chapter IX). It discusses their 
incidence, causes, differential morphologic 
characteristics, associated lesions and compli- 
cations. Tlie present-day concept of fetal en- 
docarditis and the results of attempts at ex- 
perimental production of acute and subacute 
bacterial endocarditis are given. In this dis- 
cussion the pertinent literature is quoted in 
an effort to keep the various concepts up to 
date. 

Quotations tliat are not supported by proof 
may be cliallenged in some instances. Even 
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in tliis relatively small sphere of pathology 
tliere are still a number of unsolved prob- 
lems. Just what is subacute bacterial endo- 
carditis? Is there an endocarditis caused by 
to\ins? Does endocarditis exist in the ab- 
sence of verrucae or vegetations? Such ques- 
tions are presented in the hope of arousing 
interest and of stimulating research in un- 
solved problems. 

ClassiBcation of Endocarditis. Terminol- 
ogy. The term endocarditis is usually used to 
designate inflammation of the valvular endo- 
cardium, while mural or parietal endocarditis 
denotes inflammation of other portions of the 
endocardium. The only way in which to rec- 
ognize acute endocarditis grossly is by the 
detection of verrucae or vegetations attached 
to the heart valves and the finding of ulcer- 
ations. Wliether or not “valvulitis” can be rec- 
ognized grossly in the absence of verrucae 
will be discussed subsequently. 

Endocarditis Is generally classified as acute, 
subacute, chronic, and recurrent, also as b.ac- 
terial, nonbacterial, and syphilitic. Anatomi- 
cally it is designated as verrucous, vegetative 
and ulcerative. By verrucae are meant mi- 
nute or small warthke excrescences. Verrucae 
have been more fully discussed in the chapter 
on rheumatic endocarditis (Chapter IX). TIic 
earliest changes are probably a swelling of 
the collagen just beneath the endolhelium 
covering the valve with slight or no cellular 
infiltration. Tlic swollen extruded collagen 
fuses with the precipitated fibrin and platelets, 
which together form the verruca. Verrucae 
vary in diameter from about 1 to 4 mm. By 
vegetations are meant large, septic thrombi. 

Sometimes the terms “simplex,” "productive” 
or “rheumatic” are used in llie same nonspecific 
sense as “verrucous;” and the tenns “iDal/gnanl," 
“ulcer.'iting” or “necrotizing,” to denote vegeta- 
tive and often ulcerating endocarditis (Knuf. 
mann, 1922). Ziegler (1888) used the term 
thrombo-emlocarditis stiperficialis (or simplex) 
for verrucous endocarditis, and dironiho-cm/ocor- 
ditis septica (or ulcerosa) for vegetative or ul- 
cerating endocarditis. Aschoff (1919) also used 
Ziegler’s nomenclature. 

Clawson /1924), in an analysis of 220 in- 
stances of endocarditis, divided active endocar- 
dial lesions into bacterial and rheumatic 


The former is again divided into acute (pnmaiy 
and secondary) and subacute. The term “primarj’ 
acute bacterial endocarditis” indicated that no 
other primarj' focus of infection e.visted and “sec- 
ondary acute bacterial endocarditis,” that the 
endocarditis was associated with another disease, 
acute or chronic. 

Gross and Friedberg (1936) recommended 
use of the following classification of endocar- 
ditis: 

I. Bacterial (bacteria cultivated consis- 
tently from blood during life or from 

vegetations at autopsy) 

A. Acute 

B. Subacute 

1. With bacteremia 

2. In bacteria-free stage 

II. Nonbacterial 

A. Rheumatic 

B. Atypical verrucous 

C. Nonb.'icterial thrombotic 

in. Syphilitic (involving only aortic valve) 

Tlie following discussion of acute endo- 
carditis will be based on both the etiologic 
and anatomic classifications. Most forms of 
acute verrucous endocarditis are the result 
of acute rheumatic fever, and their gross and 
microscopic appearances have been discussed 
in the chapter on Rheumatic Diseases. Non- 
rheumatic forms of acute verrucous endocar- 
ditis include (1) bacterial endocarditis, (2) 
so-called endocarditis minima {marantic en- 
docarditis), (3) tlie indetenninaie form of 
endocarditis and perhaps (4) certain “toxic” 
forms of endocarditis. Bacterial cudocordilts 
(the term “infective endocarditis” is more 
generally used in the British literature), 
which constitutes the largest of these groups, 
is caused by well-known microorganisms, is 
characterized by the formation of large vege- 
tations, and often show small or large ulcers 
and even perforation of the v.ilve. Both acute 
and subacute b.icterial endocarditis fall under 
this heading. These will be discussed sepa- 
rately with respect to their gross and histo- 
logic appearances and their etiology. Some- 
times, however, it is not possible to scp.aratc 
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these two t>'pes, even after careful study, be treated together m’tli respect to wmplica- 
Some overlapping in tliis discussion, there- tions and associated diseases, 
fore, is inevitable. Both forms, however, will 

BACTERIAL ENDOCARDITIS 


Acute Bacterial Endocarditis 
Incidence. It is difficult to obtain from the 
literature data on tlie incidence of acute bacterial 
endocarditis. Thus, Ribbert (1924) in his e.'cten- 
si\e monograph does not state how frequently 
such lesions are encountered at autopsy in a 
general hospital. Buday (1929) found 364 in- 
stances of vanous recent and old fatal \al\TiIar 
diseases in a series of 6155 autopsies. Among 
tliese \\ ere 87 examples of subacute bacterial and 
44 of acute bacterial endocarditis. Xfartin and 
Adams (1938) reported 157 instances of \egeta- 
h\e endocarditis in a series of 17,000 autopsies. 
Coldburgh and associates (1942) reported 646 
cases of acute bacterial endocarditis m 26,007 
autopsies. They found the following valves in* 


s’olved: 

Mitral only 308 

Aortic only 164 

Mitral and aortic 121 

Tricuspid only 20 

Mitral and tricuspid 10 

Aortic, mitnl and tricuspid 7 

Pulmonic only 5 

Aortic and tncuspid 5 

Mitral, pulmonic and tricuspid. . . 3 

Mitral, aortic, tricuspid and 

pulmonic 3 


Reinliardt (1920) studied 158 cases. He found 
the valves of the right ventricle only to be in- 
volved 15 times; the pulmonic waive, 9 times, 
the tricuspid valve, 3 times; and botli valves, 
once. In 12 instances, v'alves of both ventricles 
were diseased. The aortic valve only was the seat 
of the disease 50 times; the mitral valve only, 42 
times; and both valves, 36 times. Ribbert be- 
lieved that the aortic valve is the one most often 
affected. Clawson (1941) found 514 cases of 
bacterial endocarditis among 30,265 autopsies- 
In 49 cases willi primary acute bacterial endo- 
carditis, death occurred within less than six 
weelvs after the beginning of syTnptoms. Second- 
ary bacterial endocarditis was found in 101 cases 
(Table X-1). Among 1000 consecutive autopsies 
at Micliael Reese Hospital, acute bacterial endo- 
carditis was found 17 times. The mitral valve 
only was involved 12 times; the aortic vaKe 
only, once; and both valves, 4 times. 


Bam and associates (1958) identified tlie 
causative organisms in 19 of 23 cases of bac- 
terial endocarditis predominantly or e.\clusively 
involving the right side of the heart. Staphylococ- 
cits aureus or Micrococcus pijogcnes was found in 
11 cases, Diplococcus pneumoniae in 3, Strepto- 
coccus ciridans in 2, Neisseria gonorrJioeae in 1, 
Streptococcus hcmohjticus in 1 and Streptococcus 
fecalts in I. 

Age and Sex Distribution. Table X-2, taken 
from Thayer (1931) shows tlie incidence of 
acute bacteria! endocarditis caused by several 
organisms, according to distribution by age in 
decades. 

In streptococcal endocarditis, the percentile 
distnbution between Uie sexes was equal to that 
of die ordinary' hospital representation: men, 111 
(56.6 per cent); women, 83 (43.4 per cent); the 

TABLE X-1 


Age and Sex Incidence in 151 Coses of Primary Acute 
and Secondary Acute Bacterial Endocarditis 
(From Clawson, 1941) 


T)t{4sdt 

Number oj 

No. oj Cases rf 
Primary tlruie 

No. til Cases qf 
SteenJary ,Uutt 


.lusepstes 

EnJotaniitis 

EttJeearJilis 


Malts 


1 

2,978 

1 

1 1 

2 

645 

3 

1 

J 

1,324 


6 

4 

2,052 

3 

n 

5 

3.132 

8 

8 

6 

3,439 

1 

10 

7 

3,350 

4 

8 

8 

2.172 

1 

3 

9 

565 

0 

2 

10 

28 

0 

0 

Totals 

19,685 

25 

50 


Ftmalts 


1 

2,208 

2 


2 

S/4 

4 

2 

3 

1,174 


16 

4 

1,283 

8 

14 

5 

1 .347 

0 

5 

6 

1,411 

1 

7 

7 

1,342 


4 

8 

930 

2 

0 

9 

279 

0 

1 

10 

32 

0 

0 

TotiUs 

10,580 

24 

51 
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TABLE X-2 

Incidence of Acute Endocarditis, Caused by Several 
Bacteria, According to Age by Decades 
(Thayer, 1931) 


Decade \ 

Streploeoccui 

i DspJococcui . 
pneumoniae I 

Staph aureus 

No. 

IPatients 

% 

' No. 
Patients 

% 

i No. 
IPaticnts 

% 

1st 

12 

6.1 1 

I 

3.1 

4 

12.S 

2iid 

22 

11.2 1 

4 

12 5 

7 

21 8 

3rd 

55 

28.1 ; 

22 

6S.3 

6 

18.8 

4th 

47 

24.0 

3 

9.4 1 

6 

18.8 

5 th 

26 

13.3 1 

1 

3.1 

2 

6.2 

6th 

24 

12.2 

1 

3.1 

6 

18.8 

7th 

iO 

5.1 1 



1 

3.1 

All 

196 

100. ^ 

32 

100. 1 

32 

100. 


same was true as to race: white persons, 152 
(77.5 per cent), Negroes 44 (22.4 per cent). 

Among those with pneumococcal endocarditis, 
there were more men (71.8 per cent) than women 
(28.1 per cent), and more Negroes (56.2 
per cent) than while persons (43 8 per cent). 
The incidence of endocarditis caused by Staphy- 
lococcus aureus was equal in the two sexes. 
Twenty-two patients (68.7 per cent) were while 
and 10 (31.3 per cent) were Negro. Table X-1 
from Clawson gives the age- and sex-incidence 
of 49 cases of primary acute endocarditis and 
101 cases of secondary acute bacterial endocar- 
ditis. 

In a review of 700 postmortem examinations 
of persons 60 years old and over, Zeman and 
Siegal (1945) encountered 9 instances of 
acute bacterial endocarditis. Bain and associates 
(1952), who reported a case of bacterial endo- 
carditis in a 15-monlh-old infant, remarked on 
its rarity in children under 2 years of age. They 
stated that older reports gave the incidence of 
this disease in children less than 2 years of age 
as only 0.4 per cent of all cases of bacterial endo- 
carditis. 

Gross Appearance. Acute bacterial endo- 
carditis is characterized by vegetations which 
vary in size and shape. They are usually situ- 
ated along the line of closure of the valve, 
but may be present anywhere on the v'alv'e 
and often involve the free margins. Large 
vegetations are often formed by the conflu- 
ence of smaller ones. They vary from 4 mm. 
to 2 cm. in diameter. Their color is yellow-red 
or >ellow-gr.\y. Tliey usually are attached to 
the valve hy a broad base, but Uie more 
superficial portions of the vegetations arc soft 


and break off easily. In such instances, or 
when necrosis has occurred within the super- 
ficial portions of the vegetation, the remain- 
ing defect is irregular in contour. At autopsy, 
often a recent tlirombus or clot is found 
closely attached to this defect. It is thus some- 
times difficult to decide which part of the 
vegetation is the older or true vegetation, and 
which part is the superimposed clot. The lat- 
ter has a characteristic currant-jelly color; it 
often breaks loose if exposed to a stream of 
water, or it can easily be separated from tlie 
vegetation by means of forceps. The super- 
ficial portions of the valves involved by vege- 
tations often become necrotic, and when the 
necrotic material has sloughed away, smaller 
or larger ulcers are exposed at the free mar- 
gins of the cusps or leaflets. The adjacent en- 
docardium is red and swollen. It is sometimes 
difficult to distinguish between an ulcer 
witli/n the cusp and a defect of an eroding 
sessile vegetation. The necrotic portion of 
the valve and the attached vegetation form 
one unit and may slougli togetlier. The adja- 
cent border of the cusp is ragged, irregular in 
outline, and often the seat of minute ulcers 
situated at the free margin (Figure X-8). 



Figiiic X-8. Acute bacterial endocarditis with per- 
foration of anterior Ic-vilct of mitral vaUc. Pneumo- 
coccus, Type 23, was rccoierexl from sputum and 
blood dunng life, and from Iun(' .incl v.-ihtdar vege- 
tation at autopsy. From a patient wiUi unresolved 
pneumonia. (WCGJI, JO A 198.) 
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Frank ulcers of various shapes and forms 
are common. They may be situated at the 
free margin of the valve, causing a ragged 
appearance, in the midportion of the valve, 
surrounded by vegetations, or they may be 
covered by vegetations. Cecil and associates 
(1948) reported a perforating ulcer of the 
aortic valve. The perforation apparently be- 
came secondarily covered by recent vegeta- 
tions which, it was believed, had caused an 
improvement in the patient’s condition. 

If the vegetations grow on a valve which 
previously was normal, the valvular tissue 
adjacent to the vegetations is usually edem- 
atous and red but sometimes grossly nor- 
mal. 

Allen (1929a) stated that it is generally 
agreed that acute bacterial endocarditis occurs 
on a previously existing \’alvular deformity m 
from 50 to 75 per cent of cases, but this figure 
seems, from our experience, too high. In Buday’s 
(1929) senes of 31 cases of acute bactenal endo- 
carditis, vegetations were found on normal valves 
22 times. Whenever evidence of an older valvular 
lesion is encountered, the possibility of subacute, 
as opposed to acute, bacterial endocarditis should 
be considered. 

Location. Most commonly the vegetations 
of the aortic cusps are located on the ventric- 
ular aspect and the vegetations of tlie mitral 
leaflets on the atrial aspect. Howe\’er, when 
the mitral valve is involved by e.xtcnsion of 
the inflammatory process from tlie aortic 
valve, the endocarditis is, of course, located 
on the ventricular surface of tlie aortic leaflet 
of the mitral valve. The vegetations are often 
not confined to the valves. Tlie infection of 
the aortic valve may e.\tcnd to the adjacent 
aortic intima and produce an acute vegeta- 
tive endaortitis. A mass of vegetations may 
involve the cusp, the intima facing the sinus 
of Valsalva and the intima of the adjacent 
ascending aorta. The vegetations may extend 
to the mural endocardium of the adjacent 
inlervciilricular septum or, more commonly, 
to the aortic leaflet of Uic mitral valve. Tlic 
endocarditis of tlie mitral valve may extend 
to the endocardium of the left atrium or may 
involve the chordae lendineae and also llic 


papillary muscles. Occasionally the involved 
chordae may rupture. 

Parietal and Contact Endocarditis. Parietal 
or mural endocarditis may be the result of 
either direct extension of the valvular endo- 
carditis to the adjacent mural endocardium, 
or contact of bacteria-Iaden vegetations with 
the opposing region of the mural endocar- 
dium as tlie result of the cardiac movements. 
Such “contact” endocarditis is often encoun- 
tered on tile ventricular aspect of the aortic 
leaflet of the mitral valve since, in the pres- 
ence of large vegetations on the aortic valve, 
this mitral leaflet during diastole is often in 
contact with tlie vegetations. Tlie occurrence 
of isolated mural bacterial endocarditis is 
rare. 

Ribbert (1924) admitted that he had never 
seen such an instance but referred to rare re- 
ports in the older Lterature. Thus, Schulz (1884) 
had reported in a patient witli puerperal sepsis, a 
cloudy, more or less circumscribed area of mural 
endocardium of the left ventricle which was 
covered with fibrin and soft thrombi, while the 
valvular endocardium was not involved. (See 
also page 721.) Small white tliickenings of the 
endocardium are not infrequently encountered. 
These are sometimes interpreted as healed mural 
endocarditisi Uiey will be discussed later. 

Valvular Aneurysms. Though, strictly 
speaking, valvular and erosive endocardial 
and m>oc’ardial aneurj’sms are classified as 
complications of acute bacterial endocarditis, 
for convenience they are discussed at this 
point. Because of the inflammab'on and subse- 
quent necrosis of portions of the cusp, and 
the aortic diastolic pressure c.\crtcd upon the 
sinus of Valsalva, the respective aortic cusp 
may rupture. The intracardiac pressure may 
lead to rupture of a necrotic portion of a 
leaflet of the mitral valve. Sometimes the rup- 
ture invxilves only the midportion of a leaflet. 
This opening may become cov’crcd again by 
vegetations. However, the intraventricular 
pressure may cause outiiouchiiigs of the fri- 
able thrombus in the ruptured portions of 
the valve and lead to formation of false aneu- 
rysms. Sucli false aneurysms occur most fre- 
quently on the aortic cusps and less frequently 
on the aortic leaflet of the mitral valve. Ero- 
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sive aneurysms may be the result of ulcer- 
ations of the leaflet with destruction of the 
fibrosa (see terminology used by Gross and 
Kugel, 1931) and extension to the aurieularis, 
leaving the endocardial layer and the auricu- 
laris elastic lamellae (leaflet of the mitral) 
relatively intact. The status of aneurysms is 
only temporary, for subsequent perforation is 
bound to occur. 

Ribbert (1924), in a detailed discussion, 
pointed out that it is difficult to distinguish 
grossly between false aneurysms which result 
from primary rupture and subsequent attempted 
closure of the points of rupture by thrombi and 
erosive aneurysms. This difficulty arises because 
a thin layer of fibrin may grossly simulate a 
thinned-out but preser\'ed valvular endocardial 
layer, and only microscopic e’cammation of the 
outpouchings may reveal its exact nature. Rib- 
hert coined the term "thromboaneurysm” to 
denote the origin of these false aneurysms. Kauf* 
mann (1922) made a distinction between acute 
and chronic valvular aneurysms. The former are 
the result of ulcerating endocarditis with necrosis 
of the involved portion of the valve. As for the 
latter, he merely mentioned that there may be a 
“chronic outpouching” of the cusps in endocar- 
ditis, which may rupture, but he gave no details. 
Whether those chronic aneurysms are true aneu- 
rysms he did not state. It must be noted that 
true aneurysms of the valves do exist and that 
they occur in the healing stages of subacute bac- 
ferial endocarditis. They wi7/ be di'saissed /afer. 

Erosive Aneurysms. The term “erosive 
aneurysm” seems preferable to such terms as 
“embolic” or “mycotic aneurysin.” Embolic 
aneurysms are the result of the lodging in 
blood vessels of hard particles which, because 
of their density, penetrate into the vascular 
walls and lead to local dilatations (Karsner, 
1953). Infected embolic aneurysms are called 
mycotic aneurysms even though “mycotic” 
literally has reference to a fungus. Such “my- 
cotic” or “infected embolic” aneurysms are 
caused by infected emboli ivliich eitlier be- 
come adherent to the intima of a blood vessel 
or lodge in vasa vasorum of larger blood ves- 
sels. Infected emboli may also lodge on the 
endocardium and may cause a mural endo- 
carditis and subsequently an embolic aneu- 
rysm, or they may be brought to the heart by 


the coronary arteries. However, if there is 
an extension of an inflammatory process from 
an acutely diseased valve of the heart to the 
adjacent endocardium or to the intima of the 
structures of the sinus of Valsalva with result- 
ing ulcerative mural endocarditis or endarteri- 
tis, respectively, and destruction of the myo- 
cardium (or media) with consequent local 
dilatation, the term erosive aneurysm is appro- 
priate ( Karsner ) . Since erosive aneurysms 
are the result of infected vegetations, or of 
localization of virulent organisms, they are 
also “mycotic” aneurysms. 

Pathogenesis. Erosive aneurysms also in- 
volve the aortic intima, the adjacent endo- 
cardium and subsequently also the myocar- 
dium close to the involved valve. As a result 
of a mural or parietal endocarditis the in- 
volved endocardium and subjacent myocar- 
dium may become necrotic. In this event, 
the necrotic material will be gradually exca- 
vated by the impact of the blood stream imd 
eventually will slough, leaving a defect of 
the mural endocardium and myocardium bor- 
dered by inflamed myocardium. Tlie defect 
constitutes an acute myocardial, mural or so- 
called cardiac ulcer. Such an ulcer in the 
inlervenlrieular septum on the left ventricular 
aspect may cause bulging of the septum into 
the right ventricle and thus lead to tlie for- 
mation of an erosive mycotic aneurysm. Sim- 
ilar ulcerations may be present in other loca- 
tions and lead to bulging into the pericardial 
sac. Eventually such erosive mycotic aneu- 
rysms may rupture. Rupture into the peri- 
cardial sac is almost always preceded by acute 
purulent or organizing pericarditis. As a mat- 
ter of fact, Ponfick (1873) has noted that 
the cardiac wall often behaves like an artery, 
and the pericardium like the arterial ad- 
ventitia. Just as the adventitia is thickened 
over an arterial aneurysm, so is tlie cplcar- 
dium thickened by chronic defensive inflam- 
mation in the region of the aneurysm. Tljis 
thickening of the pericardium protects the 
aneurysm. Rupture of the heart may', there- 
fore, be gradual, with slow leakage of blood 
into Uie pericardial sac through one or sev- 
eral small openings, and successive clotting 
of blood in lay ers on the surface of the heart. 
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The presence of old or recent pericardial 
adhesions frequently prevents a large, imme- 
diately fatal extravasation of blood. 

Acute purulent pericarditis is the result of 
eitlier an extension of the inflammatory proc- 
ess, or of migration of organisms to the adja- 
cent cpicardium along the lymphatics. Some- 
times mycotic aneurysms which invoK’e tlie 
endocardium and myocardium may be caused 
by infected emboli that arise from vegeta- 
tions and lodge in coronarx' arterial branches 
within tlie myocardium. Commonly, emboli 
are carried into branches of the coronary ar- 
teries with resulting necrosis, mhiute infarcts 
or abscess formation Such an abscess may 
extend into the mural endocardium which 
then is covered with thrombi and .also under- 
goes necrosis. The necrotic material in turn 
will be slouglied, leaving an ulcer which be- 
comes the seat of a mycotic aneurysm It may 
then be impossible to determine whether such 
a mycotic aneurysm was mycotic embolic or 
mycotic erosive in origin. A mycotic aneu- 
rysm of tliis type may also perforate into the 
pericardium or, if present within the septum, 
into the right or left ventricle or into botli 
ventricles, 

Perforation of oneunjstiis. Of 13 instances of 
perfomted embolic and erosis e aneujysms of the 
heart reported by Pirani (1943), 12 were erosive 
and 3 were embolic. Among 734 instances of 
cardLic niphire reported by Krumbhaar and 
Crowell (192.5). and by Davenport (1928). ab- 
scesses of the heart (probably embolic aneu- 
r>sms) were encountered only 5 times. 

A common site of nipture is the ventral 
wall of the left ventricle close to the atrio- 
ventricuhir groove. Pirani believed that this 
predilection is to be explained by the parlicu- 
hir structure of the myocardial-aortic juncture 
and by the presence of abundant subepicar- 
dial fat, giving this region less re.sislance. 
From this area, the septic process may easily 
e.xtend to the myocardial tissue near the aortic 
ring, follow the loose fibrous connective tissue 
around the large branches of the left coro- 
nary artery, and thus reach the pericardium. 
Rare tlUsccling aneurysms of the heart, fol- 
lowing acute kiclcrial endoc-irditis, are also 


reported. Four cases of Pirani’s series xvere 
dissecting aneurysms. (See also section on 
Subacute Bacterial Endocarditis.) 

Microscopic Structure of Normal Heart 
Valves. Before discussing the microscopic 
picture of acute bacterial endocarditis, it 
might be profitable to give a short general 
description of the heart valves, with relevant 
illustrations (Figure X-9). Botli the descrip- 
tion and illustrations are taken from Gross 
and Kugel’s study (1931). 

The heart valves hax'e certain general fea- 
tures in common and yet sufficient individual 
differences to distinguish them sliarply from 
each other. All die valves carry as a backbone 
a dense collagenous layer, for which Gross 
and Kugel propose the tenn fibrosa. On the 
atrial aspect of die atrioventricular valves, as 
well as on the ventricular aspect of the semi- 
lunar valves, the fibrosa shows a loose struc- 
ture which they call spongiosa. In the semi- 
lunar cusps this looser structure may be so 
conspicuous as to constitute a sharply defined 
layer. Each valve cusp is attaclicd at its base 
to a more or less dense connective tissue struc- 
ture called annulus fibrosus. The extent, dis- 
tribution and connections of the annulus differ 
considerably with the various cusps. Its top- 
ography for the aortic x’alve has been de- 
scribed by Lewis and Grant (1923). It con- 
stitutes an important strategic site xvhicli 
includes part of the base of the valve .as well 
as the adjacent portion of the annulus. Gro-ss 
and Kugel designate this area as tlie ring. The 
rings of die semilunar valves generally' con- 
tain a conspicuous spongiosa, while the atrio- 
ventricular valv'ular rings in this area show 
only a slightly looser structure of the col- 
lagenous fibrosa, designated ring spongiosa. 
Tlie fibrosa, with its looser layer, is clothed 
on liotli sides by a continuation of the arterial 
intimn or ventricular or atrial endocardium, 
as the case may be. Tlicse artcri.il or endo- 
cardial connective tissue mantles contain 
more or less conspicuous clastic .sheets. Tlie 
clastic sheets which arc situated on the out- 
flow surface of the v'alvc (atrial surface of 
die atrioventricular valves .and ventricular 
surface of die semilunar valves) arc generally 
the heavier and longer. Both clastic layers 
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t])in out progressive!)^ as t])e)' approacli the 
tip of the valve. 

As a generalization, it may be stated that 
while tile separation of tliese layers of the 
valves is already seen in early fetal life, they 
become more and more clearly defined in ad- 
vancing postnatal life. Furthermore, the dif- 
ferences in their extent, tliickness, structure 
and distribution give to each cusp, its individ- 
ual characteristics. Figure X-9, taken from 
Gross and Kugel’s article, outlines the more 
important histologic details of the valves. 

Histologic Changes in Acute Bacterial 
Endocarditis. An excellent description of the 
pertinent histologic changes is found in Rib- 
hert's monograph (1924). Tlie vegetations of 
acute bacteria] endocarditis consist princi- 
pally of masses of fibrin with very few plate- 
lets and with minute crevices containing 
varying numbers of red blood cells. Inter- 
mingled in this mass of fibrin are large clumps 
of bacteria (cocci). Often they extend in 
dense accumulations over the margins of the 
leaflets. If tlirombi are already formed, the 
cocci may be found witiiin them in the form 
of polymorphous areas of “cloudlike” ac- 
cumulations. Tliey may be covered with fibrin 
or, less commonly, they may form the most 
superficial portion of the thrombus. They are 
often located between the substance of the 
valve and the thrombus. The lining endo- 
thelial cells of tlie valves early disclose vari- 
ous degenerative changes, eventually become 
necrotic and finally disappear. Relatively 
more rarely than is seen in subacute bacterial 
endocarditis, some of the lining endothelial 
cells become larger, more cuboidal in shape 
and contain Uvo or tliree nuclei. Such giant 
cells may contain a few cocci within their 
cytoplasm. 

Are the vegetations tlirombi? Most ob- 
servers believe that tlic vegetations of bac- 
terial endocarditis are tljrombi. However, 
Allen (1939b), because of his interpretation 
of the histologic evidence, and particularly 
because of tlie presence of clastic elements 
within the vegetations, docs not regard them 
as tlirombi deposited from the blood on an 
inflamed endocardial surface. He believes 
rather that the vegetations are principally de- 


rived from necrotic wilvular tissue, forced 
apart by tlie plasma and blood elements ex- 
uded by the eroded or abnormally permeable 
blood vessels found in inflamed valves. Moore 
(1946) also maintained that the vegetations 
consist of portions of necrotic valvular tissue. 
It is obvious, therefore, that they consist of 
thrombi and portions of the necrotic valve, 
and of the causative microorganism. 

Role of bacteria. The cocci obviously mul- 



Figurc X-9. Diagrams of typical scinihinar and stT2o- 
\cDtricular valve nngs. 

X. Typical semilunar cusp A, Rhrosa; B, v.ilve 
spongiosa; C, ring spongiosaj D, aorta; E, annulus; 
F, pencardiuni; G, ventneuW injocardium; H, sub- 
valvular annulus. Area enclosed by dotted bnes is tbc 
valve nng. 

Y. Typical atrioventricular leaflet; I, atrial m>o- 
cardtunv J, auaal myocardial wwlge, K, pericardial 
wedge; L, annulus; M, ventricular n))ocarclmni. Area 
enclosed by dotted bnes is Uic vaKc ring. 

2. Tjpical septal flap of tricuspid %.il\e section. 
N, right atnal in>ocardi.aI wedge; O, septum fibrosuin; 
P, bundle of Ilis; Q, interventricular septum; It, right 
atnal endocardium; S, left atnal endocardium; T, sail c 
spOQgiosa dipping into insertion of the chorda ten- 
dinca, U. valve fibrosa. Area inclosed by dotted lines 
IS the valve ring. 

(Itcprintcd from Gross ami Kugtl: ^^Vm. J. Palh^ 
T:4-i5, 1931, by courtt'sy of Amencan Jounud of Pa/fi. 
oL>ey. ) 
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tiply rapidly and extend into the substance of 
the leaflets. Necrosis of various portions 
of the valve ensues. The necrosis is found first 
in the region of the ventricularis, the fibrosa 
of the valve being spared. Only later are all 
layers of the valve substance involved in the 
necrotizing process. The necrosis is the result 
of the bacterial toxins It mav be diffuse; or 
it may involve certain portions of the leaflet 
more severely, and thus extend in these local- 
ized areas through the entire tliickness of the 
leaflet and cause early perforation. 

Inflammatory cJianiies. At first the valvai- 
lar tissue reacts slowly toward the infection. 
Tlie principal early changes are necrosis and 
the presence of cocci. Next, the tissue be- 
comes edematous and fibrin appears, the lat- 
ter perhaps being an extension into the valve 
of the fibrin which constitutes the vegetation. 
Few endothelial leukocytes multiply within 
the valve. At sites of blood vessels (in old 
inflamed valves), hyperemia is marked and 
exudation of polymorphonuclear leukocytes 
ensues. Most of the leukocytes, however, are 
found external to the elastic lamellae, indi- 
cating perhaps their origin from the passing 
circulating blood. However, if it is true that 
blood vessels exist normally at tlie base of the 
valve and at the lateral borders of the aortic 
cusps, as some investigators ( Bayno-Jones, 
1917; Wearn et ah, 1936) maintam, these ves- 
sels may be the source of tlie exudation Grad- 
ually polymorphonuclear leukocytes, fibrin 
and bacteria form large masses within and 
adjacent to the valve substance. Still later, 
more polymorphonuclear leukocytes accumu- 
late at the border between the necrotic x'alve 
and the adjacent tissue. In more severe cases, 
however, the whole cusp or leaflet is involved 
in the necrotizing process and masses of poly- 
morphonuclear leukocytes also become ne- 
crotic. Without staining for elastic fibers, it is 
often impossible to judge which part of die 
necrotic mass represents tlie remains of the 
valvular tissue and which the necrotic throm- 
bus. The presence of elastic lamellae indicates 
the remains of valvukir tissue. It is easily 
understood how such masses of necrosis, giv- 
ing way to intracardiac pressure, arc swept 


away, witli ensuing tearing and ulceration of 
tlie x'alx e. 

Organization. If die necrosis is not diffuse, 
early evidence of organization may be noted. 
Buds of endothelial cells, sprouting from 
blood vessels at the base, e.xtend into the 
masses of necrosis with fonnation of capil- 
lary vessels, and young connective tissue cells 
appear at die margins of the necrosis. As 
Ribbcrt stated, the very young blood vessels 
and rows of fibroblasts extend beneath, and 
parallel to, the thrombi. Leukocytes migrate 
from tliese newly formed vessels, a serous ex- 
udate infiltrates the adjacent valvular sub- 
stance, and fibrin is deposited. Tlius, charac- 
teristic layers of fibrin appear within the leaf- 
let, with polyTnoqilionucIear leukocytes and 
monocytes within the meshes of the fibrin 
(Ribbert, 1924). This material penetrates or 
surrounds areas of necrosis, extends into the 
thrombi and eventually forms one mass of 
granulation tissue. 

Sequelae. At the free margin of the vege- 
tation, in both acute and subacute bacterial 
endocarditis, precipitation of calcium salts is 
early disclosed. Ribbert believed that the de- 
position of calcium is especially marked In 
the region of the aortic vabes, at the most 
lateral i>ortions of the cusps where they are 
attached at the aorta (commissures). This 
w'ilJ be wore fully discussed later. It seems 
clear lliat because of die bacteremia, because 
of the severity of the X’alvular lesions, and be- 
cause of the associated myocardial damage 
and embolic phenomena, acute bacterial en- 
docarditis is a disease that often causes death 
in a short time. Howexer, it is conceivable 
lliat. in the absence of any complications, even 
witliout specific therapy, the organization of 
the exudate and the granulation tissue of the 
x^Ive may result in cicatrization w’ith com- 
plete healing and resulting deformities. With 
modem tlierapeutic measures combatting the 
bacteremia on one hand and preventing fur- 
ther formation of Uirombi on the other, more 
patients with acute bacterial endocarditis xvill 
survhe. It should be remembered that old 
\-alvular deformities may be the result of 
acute bacterial endocarditis and that they arc 
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not necessarily always caused by acute rheu- 
matic endocarditis. 

Endocarditis without Vegetations. Ribbert 
(1924) discussed the question whether acute 
valvular endocarditis can be diagnosed in the 
absence of thrombi or vegetations. He be- 
lieved that this is theoretically possible since, 
adjacent to vegetations, a rough or finely 
granular valvular endocardium is sometimes 
seen. Yet, if in very rare cases only such a 
finely granular endocardium is encountered, 
microscopic examination invariably discloses 
fiat thrombi consisting principally of fibrin. 
He, therefore, concluded that endocarditis 
without verrucae or vegetations does not exist. 
This statement must be seriously questioned. 
One sees, not rarely, in association with acute 
rheumatic endocarditis of the mitral valve, 
slightly red-tinged, s\vol]en cusps of the aortic 
valve which seem to have lost tlieir turgor 
and appear \vrinUed. No verrucae are pres- 
ent and tlie surfaces are glistening. Histo- 
logically, such cusps are the seat of edema or 
of fibrinoid degeneration of the collagen. This 
condition probably represents very early in- 
flammation of the valve. (See Chapter IX on 
Rheumatic Endocarditis.) In the absence of 
verrucae, this inflammation should be termed 
"acute valvulitis.” It is likely that similar 
changes may be present in very early In- 
stances of bacteria] endocarditis. Unfortu- 
nately, such studies are not available. It 
might be of interest, therefore, to study micro- 
scopically the aortic and mitral valves in in- 
stances of acute infectious diseases which 
grossly show no changes, to determine if early 
changes may be detected within the valves 
in the absence of vegetations. 

Causative Organisms. Bacterial endocar- 
ditis may result from almost any bacteremia 
or septicemia. It may be incidental to septi- 
cemia and of no particular influence ujwn the 
course of the disease. It may prolong the 
septicemia by serving as a secondary focus 
for the spread of organisms; or it may consti- 
tute the principal feature of the disease, and 
because of embolic complication, cause death. 

Karsner (1953) enumerates the following dis- 
eases which may be complicated by endocarditis: 


pneumonia, osteomyelitis, septicemias and py- 
emias resulting from wounds and infections in- 
cident to childbirth and other causes, typhoid 
fev'er, scarlatina, diphtheria, measles, variola, in- 
fluenza, tuberculosis, gonorrhea, and other in- 
fectious diseases. Endocarditis associated with 
infectious diseases is caused by the organisms of 
those diseases in some instances, and apparently 
by secondary invaders in others. Karsner (1955) 
mentions the following bactena as being espe- 
cially associated with acute endocarditis; Hae- 
mophilus influenzae, the vindans group of strep- 
tociwei. Neisseria gonorrhoeae, Staphijhcoccus 
aureus. Staphylococcus albits, Diplococctts pneu- 
moniae, the hemolytic streptococci and Menin- 
gococcus. Also Brucella abortus and higher 
organisms, such as Actinomyces and other fungi, 
have been reported to have caused endocarditis. 
Although Streptococcus sp. (viridans group) are 
encountered in the vast majority of instances of 
subacute bacterial endocarditis, they may also 
produce acute bacterial endocarditis. 

The following table (Table X-3), taken 
from Thayer (1931), is included here to show 
the relative frequency of valvular involve- 
ment by various bacteria. However, as stated 
above, both acute and subacute bacterial en- 
docarditis are included in his discussions. 

From this table, it is obvious that tlie 
Streptococcus is the most common cause of 
bacterial endocarditis. Table X-4 indicates the 
frequency of invoh'ement of the two sides of 
the heart in bacterial endocarditis produced 
by these organisms. 

Table X-5 from Moore (2951) is included 
to show the valves involved by the more com- 
monly encountered bacteria. Both Tables X-4 
and 5 indicate that the valves of the left ven- 
tricle are much more commonly involved than 


TABLE X-3 

Causative Bactcmmi in 306 Instances of Jnft.cUve 
Endocarditis, According to (1931) 


Organum 

No. of Cases 

Per Cent 

Streptococcus 

m 

62.4 

Dtpfotoeeus pneunioniaf 

38 

12.4 

AVttsrria ganorrAorar 

JI 

{0.1 

StapAj/ocoecus aureus 

28 

y.2 

Harmophtlut influenzae 

<> 

2.9 

Slaphuoroeeus aibut 

6 

2 U 

Pstudomonat aerugiiiohi 

1 

0..1 

B. anthracu 

1 

0.3 

KlehieUa pneumoniae 

1 

0..1 
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TABLE X-4 


Causative Organisms in Relation to Frequency of 
le of Heart Involved, According to Thayer (1931) 


Organssm 

Left 

Side 

Right ! 
Side 

Both 

Sides 

Total 

tptococcus 
plococcus pneumoniae 

78 

5 

16 

99 

30 

3 

4 

37 

iphyhcoceui aureus 

18 1 

6 

3 

27 

\phyJoeoccuj alius 

4 

2 

1 0 

b 

issena gonorrhoeae 

17 , 

6 

4 

, 27 

emophilus snfiuenzae 
Tudomonas aeruginosa 
antkracis 

fbsiella pneumoniae 

4 1 
1 

1 ' ' 

1 

1 . 

2 

1 7 

1 

1 

1 

Totals 

1 153 

24 ; 

29 

206 


TABLE X-5 


Frequency of Involvement of Various Valves by 
vcral Common Bactena, According to Moore ( 1931 ) 


f^alce 

leoleeJ 

Strepio- 
eeeeut 
p} ogenes 

Strepto- 
eoeeus 
sp. (Vin- 
dans 
Group) 

Dtphh 

eoceut 

pneu. 

montae 

Staph>. 

lococcus 

Nets- 

sena 

gonor- 

rhoeae 

,uie 

59 

S3 

76 

50 

70 

itral 

76 

82 

50 

43 

37 

Imonic 

6 

3 

24 

25 

10 

icuspiiij 20 

3 

4 

4 

12 


osc of the right. According to Moore, the 
)rtic valve is the scat of acute bacterial cndo> 
irditis more often than Is the mitral valve, 
jmolytic streptococci cause endocarditis of 
1 C tricuspid valve relatively often, and the 
jimonic valve is affected more often by 
aphylococci and DipJococcus pneumoniae 
lan by other organisms. 

SPLCTAL tOnMS OF ACUTE DACTEIUAI. 

E.VDOCA1UJ1T1S 

Acute Streptococcal Endocarditis. Strep* 
•cocci are the organisms most commonly as- 
>cialed with bacterial endocarditis. It is 
sually emphasized that the less virulent 
•rms of streptococci give rise to subacute 
actcrial endocarditis. 

In over 00 per cent of cases m Libman and 
riedberg’s scries (1018), the causative organ- 
ms were noiihcinol) tic streptococci, usually of 
ic alpha (viridans) and only occasion.iUy of the 
imm.! (anhemol)tieus) variety. (See also page 
31.) Tlu>er (1931) stated that 00 per cent of 


all bacterial endocarditis are caused by strepto- 
cocci. He asserted repeatedly Uiat infections 
caused by beta-hemol>tic streptococci run a 
rapid course characteristic of septicemia. Endo- 
cardia! l^ions, either small or large, are present 
at the line of closure or free border of the valves 
and affect principally the mitral and aortic valves. 

Librach (1947) reported an instance of in- 
fective endocarditis caused by Streptococcus sp. 
(Viridans group), involving tlie aortic and tri- 
cuspid valves. No mention was made of older 
valvular lesions. Though this instance was classed 
as subacute bacterial endocarditis, from tlie de- 
scription it seems more likely that it was an 
acute bacterial endocarditis. 

Staphylococcal Endocarditis is not rare. 
Endocarditis is produced bj’ Staphylococcus 
aureus more often than by Staph, albus. 
Thayer emphasized tliat the course is rapidly 
fatal, tliat often the endocarditis is over- 
shadowed by the clinical picture of the gen- 
eralized infection and that the endocarditis, 
therefore, is rarely recognized clinically, being 
discovered only at autopsy. Tlie valves of the 
left side of the Iveart are involved much more 
frequently than those of the right side. Tlie 
vegetations are soft and usually not largo. The 
source of tlie infection, such as osteomyelitis, 
puerperal sepsis or a carbuncle, is usually 
easily recognized. Often in such infections 
metastatic pyemic abscesses arc noted, and 
llicy may also be present in tlie m> ocardium. 
In endocarditis caused by Staphylococcus 
albus (Figure X-10), endocardial lesions arc 
more destructive and Uie vegetations arc 
polypoid and large. Cobb (1952) described 
an infection caused by a coagulase-ncgative 
Staphylococctis albus. 

Pneumococcal Endocarditis. The older 
literature, but also relatively recent reports 
(Allen, 1939a; Coldburgh ct al., 1942), sl.Ued 
that pneumococcal endocarditis involves prin- 
cipally the valves of the riglit side of the 
heart. 

n»a>crs and Moore’s tables indicate that this 
is obviously not true. Of 37 cases of pneumo- 
coccal endocarditis, 30 involved only the left 
side of the he.irt. Of 150 instances reported in 
Uie literature and collected hy Tinsley (1915), 
117 tmuKctI the left ventricle, 17 the n'gJit and 
10, both ventricles. In 90 of the 117, more de- 



ENDOCARDITIS 


721 


tails were available, and the distribution o£ the 
endocardids in these cases is listed in Table X-6. 
(See Ruegsegger, 1938, for pertinent literature.) 

TABLE X-6 

Frequency of Imolvement of Various Valves by 
Pneumococcus, According to Tinsley (1945) 
Value Invoiced Number of Cases Fet Cent 


Aortic 32 36 

Mitral 30 33 

Tncuspid 11 12 

Aortic and mitral 7 8 

Aortic and tricuspid 6 7 

Mitral, aortic and tricuspid 1 1 

Mitral, tricuspid and pulmonic 1 1 

Mitral, aortic, tricuspid and 
pulmonic 2 2 


Tinsley stated that the Pneumococcus pro- 
duces endocarditis in 3 to 3.5 per cent of all 
pneumococcal infections and is responsible for 
from 5 to 10 per cent of deaths caused by pneu- 
mococcal infections. Karsner (1955) remarked 
that about 4 per cent of cases of pneumonia de- 
velop endocarditis, but in only about one-half 
of these instances is the Pneumococcus found. 


other bacteria recovered probably being second- 
ary invaders (Locke, 1924). Applebaum and 
Bruno (1952) studied 4 cases of pneumonia with 
complicating endocarditis. In 3 instances the 
blood culture was positive; Diplococcus pneu- 
moniae was found twice and Staphylococcus 
aureus, once. 

The vegetations of pneumococcal endocar- 
ditis vary in size but often are huge and some- 
times cover the entire valvular area. They may 
be present on the mural endocardium, leav- 
ing the valvular endocardium intact. Erosion 
of the valves with ulcerations (Figure X-7) 
and mycotic (false) aneurysms occur com- 
monly. 

According to Tinsley, pre-exisb'ng valnilar 
disease is believed to have little effect on the 
occurrence of pneumococcal endocarditis. Rueg- 
segger emphasized the occurrence of endocarditis 
caused by Pneumococcus in older persons and 
Zeman and Siegal (1945) found 4 instances of 
pneumococcal endocarditis among 9 patients 
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h acute bacterial endocarditis who were be- 
60 and 87 >ears old. 

Austrian (1957) reported the triad of menin- 
is, pneumococcal endocarditis and rupture of a 
ve. Although he did not specifically elaborate 
the point, all of his pab'ents had received anti- 
tic therapy, and it seems that Uie rupture of 
^ valve was caused by a small vah-ular aneu- 
m occurring in the course of a healing acute 
locarditis. 

[gonococcal Endocarditis- Tha\er (1922) 
inted out tliat the anatomic lesions in gono- 
:cal endocarditis were Uiose of a vegetative 
d ulcerative endocarditis, sometimes spread- 
; to tile walls of the ventricles or into the 
luses of Valsalva, and often being associ- 
?d with extensive destruction of valves and 
th aneurysmal formation. Sometimes the 
jacent myocardium also was infiltrated, with 
suiting purulent myocarditis. Tlie vcgeta- 
ins were large, brittle and yellow-gray. 

The aortic valve in Thayer's senes (20 cases) 
IS affected 6 times; tlic mitral valve, twice, and 
ih the aortic and mitral valves, also twice. The 
jral endocardium of the left ventricle was 
koKed twice, the pulmonic valve was the seat 
endocarditis 4 tunes, and the tncuspid once, 
ih aortic and tricuspid valves were involved 
icc, and aortic, pulmonic and tricuspid valves, 
ice. Pre-existing valvoilar disease was present 
20 per cent of Thayer’s original senes. Among 
illiams’ 10 instances (1938), the mitral valve 
IS affected 5 times; the aortic valve, 4 times: 
id both valves, once. The valves of the right 
ntricle were not involved. In a series of 93 
stances, combining Thayer’s (1931) and Kirfc- 
nd’s (1932) reports, aortic lesions were present 
I times; mitral lesions, 20; puLnonic, 7; and 
icusptd lesions only once. In 24 hearts more 
lan one valve was involved. It is obvious that 
le left side of the heart is involv«l much more 
ien than the right side. Yet, Tluiyer (1931) 
lought it was significant that among 5 instances 
ithoiit autopsy, 2 showed clinically an apparent 
ivolvemcnt of the pulmonary valve, from vvhidi 
fiprcssioii he concluded that pulmonic involve- 
iciit seems to be rather cliaracteristic of gono- 
x'cal endocarditis. He also quoted a personal 
ainmunication from Warlhiii (1931), who found 
lat among 9 patients with gonococcal cmlo- 
srditis, the pulmonic valve was iiuoKcd S times, 
his finding is not in agreement with the obser- 


vatioQ of otlier investigators. Thayer (1931) 
stated that the Gonococcus generally attacks 
previously unaffected valv’es. Among Williams’ 
10 hearts, only one disclosed evidence of a pre- 
existing endocarditis. Karsner (1931), and Hoff- 
man and Taggart (1932) believed Uiat only those 
instances should be classified as gonococcal 
which show the presence of gonococci in the 
blood or vegetations. In spite of Uiis rigid cri- 
terion, Williams concluded tliat gonococcal endo- 
carditis is not rare. Twenty-seven per cent of 
instances of bacterial endocarditis in his series 
were attributed to the Gonococcus. In fact, Davis 
(1940) remarked that gonococcal endocarditis 
is a fairly common disease. 

Meningococcal Endocarditis is apparently 
rare. Wliillans (1940) found reports of only 
20 cases of meningococcal endocarditis. To 
verify the diagnosis, the organism should be 
cultured from the blood, the vegetation, the 
cerebrospinal fluid or the meninges. The dem- 
onstration of intracellular gram-negative dfp- 
lococci alone is not proof. However, tlie dem- 
onstration of these intracellular gram-negative 
diplococci in the vegetation of a patient who 
also shows eitlicr Uie gross characteristic ex- 
udate in tile meninges or intracellular dip- 
lococci witliin the cerebrospinal fluid seems 
sufficient for proof, since gonococci practically 
never localize in the meninges or cause men- 
ingitis. 

Meningococcal endocarditis may occur as a 
compheation both of meningitis and of menin- 
gococcal septicemia. Its occurrence as a primary 
disease entity (Firestone, 1946) is questionable, 
Herrick (1919) found one instance of endocar- 
ditis caused by Meningococcus among 208 pa- 
tients with epidemic cerebrospinal meningitis. 
MacMahon and Biirkhardt (1929) stated that in 
about half of the cases of meningococcal endo- 
carditis the endocarditis followed meningitis. 

Firestone referred to reports of 19 pertinent 
autopsies; only' 3 gave evidence that old chronic 
valvular disease was present in addition to the 
acute valvulitis. He also referred to reports of 
20 autopsies in which data were given as to the 
location of the vegetations; the mitral valve alone 
was involved in 17, the aortic in 3, both Uiesc 
valves in 5, and both the aortic and tricuspid 
valves in I. Tlie vegetations were large, nuassive 
and ycliovv-pink, and often covered an entire 
leaflet. Direct smears usually showed many gram- 
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negative cocci. Ulcerations are Jess common than 
in other types of endocarditis, particularly gono- 
coccal endocarditis. Millers report (194*4) is 
noteworthy. He found meningococcal endocar- 
ditis in immunized horses. He suggested that 
there is an initial endothelial (endocardial) 
edema which gives rise to a separation of the 
endothelial layer from the subendothelial tissue, 
and that these early changes may be the result 
of an “alteration in the course of the immuniza- 
tion” which produces an endothehum “more vul- 
nerable to the toxic products” of tlie Meningo- 
coccus. The bacteria later localize on the surface 
of the damaged endothelium. Whillans empha- 
sized the lack of associated meningibs in his 
case and in approximately one-half of the cases 
reported. 

Salmonella Endocarditis. Wells (1937) re- 
viewed the literature of endocarditis caused 
by organisms of the typhoid group. In 320 
autopsies of patients with paratyphoid infec- 
tion, endocarditis was observed only once. He 
pointed out that typhoid fever and para- 
typhoid infections rarely cause inflammation 
of the heart valves. It seems probable that 
the greater pyogenic tendency of paratyphoid 
infections may account for endocarditis oc- 
curring somewhat more frequently in para- 
typhoid infections than in typhoid fever. 
However, too few necropsies of cases of para- 
typhoid fever are reported to permit conclu- 
sive statements. 

Meyer and Howell (1938) reported an in- 
stance of acute vegetahve endocarditis of the 
aortic and mitral valve caused by Sahnonella 
paratyphi B. The endocarditis was superim- 
posed upon old lesions of the aortic and mitral 
valves, and an early mycotic aneurysm of the 
sinus of Valsalva was also present. Anderson and 
associates (1947) reported endocarditis caused 
by SflImoncIJa fayed. Cardiac complications in 
salmonella infections have been reviewed by 
Shulman (1947). Stumpc and Baroody (1951) 
reviewed the literature on Salmonella endocardi- 
bs and reported a case of bacterial endocarditis 
caused by SflImoncJlo oranienhurQ. An apparent 
infection with the organism of type Sendai, with 
recovery, has been reported by McFadzean 
and Huang (1952). Massive fruble vegeta- 
tions on tlie aortic valve with severe ulceration 
caused by Salmonella minnesota were found by 
Kurz and associates (1949). Fatal bacterial 


endocarditis caused by S. cholerae-snis was re- 
ported by Forster (1939), Read (1939), and 
Goulder and associates (1942). None of the pa- 
bents gave a history of gastroenteritis and the 
portal of entry was not apparent. 

Brucella Endocarditis. Scott and Sapliir 
(1928) studied a heart in which acute vegeta- 
bve endocarditis of the mitral valve was super- 
imposed upon an old endocardibs. Firmly at- 
tached to the base of the aortic leaflet of the 
mitral valve on its atrial surface, was a soft, 
round, red-gray vegetation measuring 2.5 cm. in 
diameter. The vegetation partially occluded the 
already narrowed orifice of the mitral valve. 
Blood cultures disclosed the presence of Brucella 
abortus. Tliey were not certain that the endo- 
carditis was actually produced by the Brucella 
organisms, but suggested the possibility of bru- 
cellemia m a patient who also had acute bacterial 
endocardihs, even though no other organisms 
were noted. Levy and Singerman (1938) col- 
lected 5 cases of Brucella endocarditis from the 
literature and reported a case m wluch the endo- 
carditis had involved the mitral valve. The vege- 
tation was large, measuring over 1 cm. in diam- 
eter, and was superimposed upon an old endo- 
cardibs. 

Spink and Nelson (1939) stated that Brucella 
endocardibs is an infrequent complication of 
brucellosis. It may be caused by any one of 3 
variebes of Brucella. They reported an instance 
of endocarditis which had involved the aortic 
valve and caused a large defect of the posterior 
cusp. Wechsler and Gustafson (1942) described 
endocardibs caused by Br. meUtemis on a con- 
genital bicuspid aortic valve. Whether this was a 
true bicuspid aortic valve or the result of an old 
endocardibs (see Koletsky, 1943) cannot be 
judged from this report. Call and associates 
(1944) reported 2 additional instances. In one, 
the endocarditis was present on the aortic valve 
and ill tlie other, on the mitral valve. They con- 
cluded that biis type of endocarditis is charac* 
terized by tlie tendency to involvement of the 
aortic valve, and to ulceration and perforation, 
and by the association of granulomatous viscera! 
lesions. Degowin and associates (1945) found 
the free margins of the mitral ItMflcls moderately 
fibrosed. The anterior leaflet of this valve had a 
perforaUon measuring 7 mm. in diameter. At the 
superior margin of tlie perforation was a friable 
gray-jellovv vegetaUon 1 cm. in diameter. Smaller 
but similar vegetations were attached at the pe- 
ripficay of the perforation. Several small, firm 
>eUo\v pebbled masses were found along tlie re- 
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inder of the line of closure. In Beebe and 
neely’s (1949) case a recent endocarditis %vas 
erimposed upon an old endocarditis. Brucella 
} was isolated in pure culture during life re- 
itedly from the blood stream and, after death, 
n the vegetations of the vaKe. The patient 
d from rupture of a mycobc aneurjsm of the 
: femoral artery. Grant and Stote (1953) 
ted that Brucella abortus endocarditis was 
orted only hv’ice in England, but found 21 
es reported from other countries. They noted 

I tendency to ulceration. Their patient died 
a result of rupture of a small abscess in the 

II of an aneurysmal dilatation of tlie sinus of 
Isalva. The patient of Hart and associates 
951) had aortic valvulitis. These authors also 
essed the tendency to ulceration and to fonna- 
n of mycotic aneurysms. 

Endocarditis Caused by Pseudomonas aerugi- 
sa. Fish and associates (1937) studied an 
tance of infection wth Pseudomonas ucrogi* 
sa (B. pyocyaneus) associated with bactenaJ 
docarditis. They believed that such an endo- 
■ditis is rare. (Consult Fish ct al. for htera* 
•e.) Many of these infections have been re- 
rted in duldren. They slated that the most 
eresting feature of tlus infection is the aIRmty 
the organism for the wall of arteries. They 
scnbed a >ellow-rcd, shining mass, measuring 
fS cm. in diameter, attached quite firmly to the 
rtic vaKe and present on boUi Uie aortic and 
ntricular aspects of the cusp. There was also 
acute aortitis but no old lesions m the valves, 
oragues and y^nderson (1943) reviewed the 
erature and reported an additional instance of 
idocardJtis caused by Pseudomonas aeruginosa. 
ley emphasized the importance of the genilo- 
inary and gastrointestinal tracts as portals of 
itry. Waisbren and Hastings (1953) reported a 
;rtincnt case and insisted on the following 
iteria in acceptmg these organisms as caiisa- 
k’e: The clinical picture must be compatible 
ith endocarditis; the organisms must be iso- 
ted from the blood several days before death, 
id the bacilli must be demonstrated in tlie heart 
lives or microscopic section. Judged by these 
iteria, the authors believed that their case was 
le fifth proved case on record. Coller and Dyer 
1931) studied a case in vvliich the pnmary in- 
xtion appeared to have been In tlie lung. An- 
reossen and Jensen (1956) reported 3 cases of 
acterial endocarditis following mitral valvotomy. 
he organisms were Staphylococcus aureus, Sta- 
hylococcus albus and Pseudomonas pyocyanea, 
:-spcctiv ely. 


Endocarditis Caused by Other Organisms. 
Craven and associates (1940) reviewed 36 cases 
of endocarditis caused by Hemophilus influenzae 
and H. parainfluenzae (Pfeiffer) and reported 2 
cases of endocarditis caused by H. parainfluenzae 
(nonhemolytic). In most of the instances of 
endocarditis reported to have been caused by 
H. influenzae, in retrospect, H. parainfluenzae 
could not be ruled out as the causative agent. 
They felt that the endocardial vegetations are 
of the vegetative ulcerative type and are often, 
but not always, superimposed on old rheumatic 
valvular lesions. In 5 of the 36 cases reviewed, 
there was unmistakable clinical or necropsy evi- 
dence of meningitis. They concluded that the 
high incidence of meningitis, which was often 
disrinctly chronic, suggested that the infection 
of the leptomeninges antedated the endocardial 
lesions Tenezar and associates (1951) encoun- 
tered endocarditis of the pulmonary valve, caused 
by H. parainfluenzae: the patient also had con- 
genital aneurysms of the sinuses of Valsalva. 

An instance of a bacterial endocarditis inter- 
preted as resulting from H. hoemolyticus and 
Streptococcus sp. (Viridans group) infection was 
reported by De Santo and White (1933). 

Fletcher (1947) reviewed the literature on 
endocarditis caused by E. coli. He emphasized 
the proliferative nature of the vegetations, Uiat 
the infection usually occurs as a postoperative 
complication, and that it may attack a norma] 
valve. Ross and associates (1952) pointed out 
that the usual portals of entry’ for this organism 
are the gastromlestinal tract, the urinary tract 
or the female genital tract. In their case, it 
seems that a mixed pulmonary infection witli 
type III Diplococcus pneumoniae and E. coH was 
the source of Uie initial bacteremia. ^VaIlace 
(1951) collected 13 cases of E. coU endocarditis. 
He also reported an instance of Aerobacler aero- 
genes endocarditis with associated urinary tract 
infection, and gave a brief review of the perti- 
nent literature. A case of massive vegetative endo- 
carditis of the pulmonic valve caused by a Para- 
colobaclrum sp. was reported by Robertson 
(1947) (Consult Robertson for literature on endo- 
carditis produced by tliese organisms.) The other 
cardiac valves were normal. It was thought that 
the valvular lesion and the septicemia were sec- 
ondary to infected polycystic kidneys. 

An apparently unique instance of b.ictcrial 
endocarditis caused by Clostridium perfringens 
has been reported by More (1943). Instances 
of bacterial endocarditis in vvliich two or more 
organisms were cultured repeatedly from tlie 
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patients blood have been collected by Oigain 
and Poston (1942). Endocarditis caused by Al- 
caligeiics fecalts (B. alcaligenes) has been re- 
corded by Cole and Marshall (1952). Hawe and 
Hughes (1954) studied an instance of endocar- 
dihs caused by Chromobacterium prodigfosum, 
the posterior leaflet of the mitral \-alve was 
affected. 

For reports on endocarditis caused by 
Aficrococcus phanjngis siccus {Neisseria sic- 
cus) and related organisms, see Weed and 
associates (1943). 

Lewisohn (1937) reported the rare occunence 
of acute endocarditis as a result of inleclion rvifb 
A/icrococcus fctragenus; in his patient only the 
pulmonic valve was affected. 

During recent years bacteria of the tribe 
genus Mimeae have been isolated from various 
lesions. The Afinieae are a loosely defined group 
of pleomorphic gram-negative cocci, diplocccci 
and rods. The tribe consists of three genera: 
Afimea, Herrellea and Coffoides. Sorrell and 
White (1953) reported acute endocarditis 
caused by a vanant of the genus Herrellea. 

MYCOTIC ENDOCAlUjmS 

Cassels and Steiner (1944) critically reviewed 
the available literature on mycotic endocarditis. 
Primary infection of the endocaidium witli higher 
orgamsms was distinctly uncommon. 

In a 14-ye.'ir-oJd white boy, die mitral valve 
contained an almost continuous row of vegeta- 
tions which were rough and warty, mottled yel- 
low and red, and were fnable but firmly attached. 
The aortic valve had a single large vegetation. 
There were no old valvular lesions. Colonies of 
microorganisms were found scattered fhrougliout 
Uie vegetations. The organisms took tlie form of 
long, slender filamentous branching rods or of 
small, round or oval bodies, and both forms were 
gram-negative and not acid-fast. Such micro- 
organisms were also found in m>ocardial and cpi- 
cardial abscesses, m an infarct of the spleen, in 
small renal foci of suppuration and in the intes- 
tines. While the org.misms could not be speci- 
fic.dly idenbfied, the auUiors pointed out that 
the appearance of the growth on culture and in 
microscopic sections was the same. There was no 
evidence tliat the fungus infection could have 
been superunposed on a previous bacterial infec- 
tion. 

Bcamer and associates (1945) reported 2 
cases of vegetative endocarditis, 1 caused by 


Actinomyces graminis and die other by Histo- 
plasmo CQpsulatum. In the fonner tlie mitral and 
aortic valves were moderately thickened and (he 
seat of numerous firm, gray-white vegetations. 
On microscopic examination the organisms were 
pleomorphic. The second case disclosed a thick- 
ened aortic valve with a friable vegetation in- 
volving both its ventricular and aortic surfaces. 
Histoplasma was recognized in macrophages. A 
syphditic aortitis which had extended to the 
aortic valve was also noted. These authors re- 
viewed instances of vegetative endocarditis 
caused by higher bacteria, yeasts and fungi, in- 
(dudmg Candida (Monilia), Actinomyces, Lepto- 
thnx, Erysipelothnx and Histoplasma. Wedding 
(1947) reviesi'ed the literature and described 2 
instances of acbnomycotic endocarditis; 1 was 
characterized by (he clinical picture of subacute 
endocarditis, but the other was not recognized 
clinically. Blevins and MacNeal (1946) recov- 
ered Actinomyces from 2 patients. In 1 patient 
with bacterial endocarditis, a branching fila- 
mentous organism in cultures was obtained on 4 
occasions. This organism exhibited the character- 
istics of a micro-aerophilic Actinomyces, was 
irregularly gram-positive and not acid-fast. It 
was termed Actinomyces septicus. Large vege- 
tations were situated on the mitral valve which 
was ulcerated, and Uie myocardium disclosed 
acute focal inflammation. Cultures from the 
mitral valve showed various coceoid organisms, 
and inoculation of the organism into a rat re- 
sulted in infection of the animal and recovery of 
Actinomyces in pure culture. The second patient 
presented the clinical picture of subacute endo- 
carditis. Friable, verrucous structures were found 
on tlie aortic cusps, and separate filaments were 
seen in necrotic portions of the aortic and mitral 
valves. An anaerobic strain of Actinomyces was 
recovered from vegetations of the aortic valve. 
Stokes and associates (1951) remarked on the 
similanty to the clinical picture of subacute bac- 
terial endocarditis in their case of endocarditis 
caused by Streplohacillus moniliformis {Actino- 
myces muris). 

Endocarditis caused by Nocardia albicans 
(Candida albicans) was found superimposed on 
a healed (subacute bacterial) mitral endocardi- 
tis by Geiger and Durkicher (1947). Recent 
vegetations involved the chordae tciuhiieac of 
the mitral valve and the left atria! ciulocarduun. 
Endocarditis caused by Nocardia albicans in an 
infant was recorded by Kunstadlcr and asso- 
ciates (1052); infection caused by Nocardia flava 
(Asficrgillus fiavus) was reported by Kirsch- 
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stem and Sidransky (1956). We have also seen 
several instances of fungus endocarditis in pa- 
tients who had received antibiotics for various 
reasons prior to the final illness. It is possible 
that treatment with anbbiotics renders Uie more 
common bacteria mnoaious and paves the way 
for infection with certain m>colic organisms. 

Merchant and associates (1956) reviewed 31 
instances of fungus endocarditis and reported 3 
additional cases (2 associated witli U. copsufa- 
(tmi and 1 with C. immitis). They stated that 
the diagnosis of fungus endocarditis should be 
entertained clinically if the patient piesented the 
picture of subacute bacteria! endocarditis but 
had repealed routine sterile blood cultures, and 
evidence of a systemic mycotic infection else- 
where as indicated by positive culture of urine, 
bone marrow, lymph nodes, or other matenal. 

Cnjptococcus neofonnans also may rarely 
cause endocardibs. Lombardo and associates 
(1957) reported an mstance in a 44->ear-old 
coal miner. Polypoid vegetations were present 
on tlie mitral and aortic valves. These contained 
numerous cryptocotci interspersed in a nicsh of 
fibrin, togetlier witli an eosmoplulic and baso- 
philic debris, and also calcareous deposits, macro- 
phages, polymorphonuclear leukocytes and lym- 
phocytes. 

ENDOCARDIAL TUBERCULOSIS 

Tlie tubercle bacillus may cause endocar- 
ditis. Baker's article gives an excellent rfe- 
ume of reported infections up to that time 
(1935). His own observations are based on 
7 instances. He classified endocardial tuber- 
culosis as follows: (1) endocardial tubercles 
in miliary tuberculosis, (2) polypoid tuber- 
cles, (3) tuberculous nodules on the valves, 
and (4) tuberculous thrombi. In the last 
fonn, it is thought that tubercle bacilli are 
trapped in a thrombus, and tliat the thrombus 
is then transformed into tuberculous granula- 
tion tissue. However, it is more likely tlut 
most of the “tuberculous thrombi” recorded 
were tubercles primarily and that thrombi 
formed secondarily. 

Criteria for Diagnosis. The diagnosis of 
tuberculous endocarditis should be accepted 
only if (a) microscopic sections are cliarac- 
tcristic of a tuberculous lesion, (b) tubercle 
bacilli are demonstrable in the lesion, and 
(e) other causes of endocarditis are excluded. 


Neither the presence of tubercle bacilli in the 
blood nor the demonstration of widespread 
tuberculosis elsewhere in the body should be 
taken as evidence of the tuberculous nature 
of the endocardial lesion. 

Origin. Scattered tubercles of the endocar- 
dium may arise by implantation through the 
coronary arteries or directly from the circu- 
lating blood, and by extension from pericar- 
dial or myocardial tuberculous masses. 

Dressier (1921) tells of a child with general- 
ized miliary tuberculosis in whose heart he found 
a polypoid excrescence on the aortic leaflet of 
the mitral valve. On microscopic examination 
this proved to be typical tuberculous granulation 
tissue. He classified this infection as a pnmary 
tuberculous endocarditis. He quoted Weigert as 
saying tliat miliary tubercles are almost always 
present in the myocardium in instances of gen- 
eralized miliary tuberculosis. This opinion, how- 
ever, IS not generally accepted. Two instances 
of tuberculous endocarditis were reported by 
Davie (1936). Vegetations resembling tlie ver- 
rucae of rheumatic endocarditis vvere found on 
the mitral and aortic valves in one, and only on 
the mitral valve in the second instance. Davie 
assumed the existence of a tuberculous "allergic” 
endocarditis. 

Bevans and Wilb'ns (1942) found tubercu- 
lous endocarditis of the mitral and aortic valves. 
The aortic valve was also congenitally mal- 
formed. In addition to tlie characteristic granu- 
lation tissue, large numbers of eosinophils were 
present. This finding, they believed, supported 
Davies hypotliesis. Mark (1938) found a tu- 
berculous polypoid vegetation on a cusp of the 
pulmonary valve in a patient with generalized 
miliary tuberculosis. Gilmore (1940) found 
within the sinus of Valsalva of the right anterior 
cusp of the pulmonary valve a yellow, finn, ir- 
regularly shaped mass iinnly adlierent to the 
proximal portion of the cusp. On microscopic 
examination this moss consisted of typical tuber- 
cles with central areas of necrosis surrounded by 
small round cells, cndoUicIial leukocytes* and 
giant cells. The process involved the valve ring 

•Tlie term “endotliclial leukocyte” (Mallory) de- 
notes tlie large mononuclear phagocyte, a cell almost 
as ubiquitous throughout the tissues of the animal 
body as die connective tissue itself, and one reaching 
prominence in many inEamniatoiy c-vudates. It is 
pre-eminently phagocytic in function. Other terms 
used for cndoUiclial leukocyte are “cpitlielioid cells,” 
“polyblast," "eJasmatocyte," “liistiocyte." 
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but did not extend into the myocardiiun. Acid- 
fast bacilli were demonstrated in tlie valvular 
lesions. The patient had advanced tuberculosis 
of the prostate, dorsal vertebrae and lungs, with 
terminal miliary dissemination. 

Symptoms. Tuberculous endocarditis per se 
may produce no clinical symptoms (Dressier, 
1921). In tuberculous valvulitis, there is no 
special predilection for the line of closure. 
The cardiac function is affected only in rare 
instances in ivliich caseous nodules involve 
the valves. 

TOXINS AS CAUSE OF ENDOCABDITIS 

Uibbert (1924) discussed the possibility of 
bacterial toxins causing endocarditis. While this 
is denied, he believed that it is possible that 
toxins may injure the valves and cause loosening 
of the valvular endothelial cells, with degenera- 
tive clianges and subsequent repair. There is, 
perhaps, a resulting cellular proliferation but no 
outspoken endocarditis. These changes are some- 
times encountered in diphtheria and typhoid 
fever. Ribbert did not believe that a vegetative 
endocarditis can possibly be superimposed on 
these changes in the absence of microorganisms. 
Though there are experimental data regarding 
sensitization of valves with various products of 
bacteria (see Chapter IX on Rheumatic Disease), 
it is remarkable how little is known concerning 
the role of toxins in endocarditis. In rare re- 
ported instances of endocarditis in diphtheria, 
either there was a bacteremia {Corynebacterium 
diphtheriae) or the endocarditis was caused by 
secondary invaders from the upper respiratory 
tract. Pike (1951) reported bacterial endocarditis 
apparently caused by C. diphtheriae and referred 
to a few similar cases in the bterature. The blood 
cultures were positive, but the patient showed 
no clinical evidence of diphtheria. The portal of 
entry was not found. Investigation of this sub- 
ject might be fruitful. There are also instances 
on record of endocarditis in virus diseases, e.g., 
smallpox (Ribbert, 1924; Karsner, 1955). Before 
the discoveries of the causative viruses, such 
forms of endocarditis were thought to be the 
result of bacterial toxins. There are also forms of 
endocarditis classiBed as nonbactcrial. Wlietljer 
some of Uicse are caused by torins is difficult to 
decide. 

.\JECJi4.VJS.\JS OF tD0iUZ.iT10S 
OF VECCTATIONS 

Allen (1939a) made an extensive study of 


the mode of development of bacterial endo- 
carditis in general, and much of the follow- 
ing is taken from his publications. It is pos- 
sible that a similar mode of localization of 
the vegetations also holds for subacute bac- 
terial endocarditis. Several views are given 
in the literature. Some authors maintain that 
bacteria reach the valve through its blood ves- 
sels by way of the coronary arteries ( Coombs, 
1909). The pertinent question is whether 
blood vessels are present in nonnal valves. 

Are Blood Vessels Present in Normal 
Valves? Bayne-Jones (1917) concluded that 
blood vessels normally occur in the valves of 
the heart and that his failure to detect them 
in all hearts was probably caused by im- 
perfect technique and lack of proper condi- 
tions. He also pointed out that the lateral 
portions of the semilunar valves are supplied 
with blood vessels which extend through the 
commissures, while the central portions of 
these valves do not disclose blood vessels. 

In 1921 Gross, in a monograph on the blood 
supply of the heart, concluded that all fetal 
valves possess vessels. Usually, some time before 
birtli, the blood vessels undergo regression; in a 
small percentage of persons, however, there is a 
persistence of blood vessels to adult life. He 
believed that this persistence predisposes an in- 
dividual to embolic vaUxilar endocarditis. Kugel 
and Gross (1925) several years later, on the 
basis of further examinations, believed that blood 
vessels exist in some valves in a small percentage 
of hearts other than those of fetuses, that these 
arc of developmental and not inflammatory 
origin, and that they occur most frequently in 
the aortic leaflet of (he mitral vahe. Such ves- 
sels may exist in either a complete or incomplete 
form. 

Ritter, Gross and Kugel (1928) studied 700 
human hearts witli reference to the existence of 
blood vessels in the vahes. Among these, 14 
normal hearts were found which presented blootl 
vessels in some of the valves. They stated Uial 
thorough clinical and patliologic examination had 
failed to reveal that these \essels owe their origin 
to inflammation. In a subsequent study. Cross 
(1937) reported tliat blood \cssels do not exist 
in normal vaKes at .ill; or if they do, they must 
be extremely rare. He pointed out that in those 
instances where blood \esseL> were present in 
the heart, widespread s(igm.ata were histologi- 
cally esident, bearing striking resemblance to 
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those seen in hearts of patients wiUi old rheu- 
matic endocarditis. He believed that an endo- 
carditis of low grade may heal so completely as 
to leave only blood vessels in its wake. Weam 
and associates (1936) found blood vessels in the 
valves in 86 of 100 hearts of patients who liad no 
history or clinical evidence of endocarditis. They 
emphasized that 12 of Uicse hearts showed evi- 
dence of active or healed valvulitis. Their studies 
were based on a special method of injecting the 
coronary blood vessels. Weam and Moritz 
(1937), in their study of 235 hearts with no 
apparent inflammation, found blood vessels in 
the mitral valve in 50 per cent, in the tncuspid 
valve m 31 per cent, in the aortic valve in 5 per 
cent, and in the pulmonic valve in 4 per cent. 
From this short review, it is clear that there still 
is no agreement as to whether blood vessels exist 
in normal heart valves. 

Relation of Blood Vessels to Old Inflamma- 
tion. From the study of the literature, one 
gains the impression that, rarely, vasculariza- 
tion may occur in eitlicr normal valves or 
valves that were the scat of an inflammation 
and had healed so completely as to leave 
practically no evidence of inflammation. Per- 
haps only those hearts in which the valves 
previously had been vascularized will eventu- 
ally become involved in endocarditis, but this 
possibility has not yet aroused sufficient in- 
terest to make it a subject for study. 

The fact that a primarj' embolus or priinar>’ 
accumulations of bacteria in blood vessels of the 
valves have never been demonstrated speaks 
against tlie embolic theory of acute bacterial 
endocarditis. Also, because blood v’essels were 
found by Weam and Moritz (1937) in the 
tricuspid valve m 31 per cent of hearts and in 
the aortic valve in only 5 per cent, one would 
expect the tricuspid valve to be more frequently 
involved by endocarditis than the aortic valve, 
but of course tliis is not the case. Besides, as 
stated above. Cross in his later studies questioned 
the occurrence of blood v’essels in normal valves. 
We also have no explanation why emboli should 
be carried principally to the valves of the left 
side of the heart rather than to the myocardium 
or mural endocardium. 

Role of Trauma and Strain. A fav'ored 
tlieory explaining the localization of bacteria 
on tile valves concerns itself vvlUi the forma- 
tion of eddy currents in the region of the 


lines of closure. Allen (1939a) pointed out 
Uiat the sites of eddy currents are the areas 
between the superior surface of the semilunar 
v'alvcs and the great vessels, and between the 
ventricular surface of atrioventricular valves 
and the wall of the ventricle. However, llicse 
areas arc only exceptionally the scat of pri- 
mary vegetations. It was also thought that 
the line of closure of the valves is so often the 
seat of the vegetations because of the trauma 
and strain caused by mechanical impinge- 
ment of the margins against each other. Allen 
tried to show that, after apposition of the 
leaflets has taken place, the trauma from clo- 
sure is far less than Uiat produced by edges 
whicli have been slapped together in the man- 
ner generally conceived. Tiicrcforc, he be- 
lieves, that the impingement theory' seems 
inapplicable not only for lesions of the normal 
valve, hut also for the great majority of le- 
sions superimposed on diseased valve leaflets, 
the margins of which are ph)sicnlly unable 
to impinge on eacli otlicr. 

Experimental Lesions. Medzcl (1936) was 
able to produce endocardial lesions by tlic 
infection of Pitressln with, and sometimes 
without, subsequent injection of bacteria. He 
thought that tlie pressor effect thus produced 
causes the valve to exude from its surface a 
string)’, adhesive substance to which bacteria 
adhere. He believed that during such pressor 
episodes the margins of the leaflets impinge 
on each oilier more forcefully. However, as 
staled above, tliere is little probability that 
the theory of impingement per sc is correct; 
furtlicrmore, acute bacterial endocarditis has 
been produced in animals after a single in- 
jection of virulent bacteria, obviously witli- 
out the aid of pressor episodes (Blahd ct al-, 
1939). 

Local Degeneration. Degenerativ e changes 
have been described in deformed valves, giv- 
ing rise to platelet thrombi which in turn may 
lead to localization of bacteria (Grant ct al-, 
1927). This is often attributed to local sus- 
ceptibility because of an acquired altered re- 
activity of tlie tissue (Semsroth and Kocli, 
1930). (See also Chapter IX on Rheumatic 
Endocarditis.) 

Factors in Localization. Allen (1939a) prO- 
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posed an explanation of the mechanism of 
localization which satisfies 4 universally rec- 
ognized points: (1) Bacterial endocarditis is 
often superimposed on a fibroblastic deform- 
ity; (2) congenital lesions are particularly 
susceptible; (3) tiiere is a distinct prepond- 
erance of lesions on the left side over those 
on the riglit; and (4) bacterial endocarditis 
is rare in patients with atrial fibrillation sec- 
ondary to stenosis of the mitral orifice. He 
believed that a pre-existing valvular fibro- 
blastic deformity often takes the form of a 
projecting shelf or barrier against which the 
blood strikes. Because of this obstruction to 
the systolic discharge, the site of the deformity 
suffers a great impact, the resulting trauma 
favors the localization of bacteria. Allen also 
stated that there seems to be a greater tend- 
ency for the virulent rather than the relatively 
avirulent organisms to invade the right side. 
Thus, the valves of the right side of the heart, 
though previously not diseased, may become 
involved in bacterial endocarditis as a result 
of the presence of highly virulent organisms. 
He believed that bacteria are prone to local- 
ize on the outflow surfaces of the valves be- 
cause the outflow surfaces of all valves come 
in contact with a much greater volume of 
blood and of toxic agents than do the inflow 
surfaces. Because in atrial fibrillation forcible 
ejection into tlie ventricle does not occur, 
bacteria are not likely to settle on the leaf- 
lets of a stenosed mitral orifice. However, the 
possibility of the influence of other auxiliary 
factors, he stated, are not precluded. 

Evaluation. In spite of Allen’s logical dis- 
cussion, a number of questions still remain 
unanswered. Why does one encounter, not 
rarely, bacterial endocarditis developing on 
normal valves of the left side of the heart? It 
is possible to produce in experimental dogs 
acute bacterial endocarditis with a single in- 
jection of microorganisms (Blahd ct al., 
1939). Dick and Schwartz (1946) also re- 
cently produced endocarditis in dogs that had 
no previous injury of the cardiac valves. In 
regard to the virulence of Uie organisms, they 
stated tliat, whereas more virulent strains pro- 
duce endocarditis in shorter time and willi 
fewer injections than do less virulent strains. 


it is necessary only to continue the injections 
with avirulent organisms for a longer time 
and with increased doses. As ^vill be discussed 
later, endocardial pockets and circumscribed 
areas of endocardial fibrosis projecting into 
the left ventricle are not particularly rare. 
Such areas are also exposed to tlie force of 
the blood stream and pressure. Such pockets 
do occur in instances of older valvular lesions 
and in acute and subacute bacterial endocar- 
ditis. And yet, these pockets or endocardial 
fibrous plaques are extremely rarely the seat 
of vegetations. (See case report by Allen, 
1941.) It seems tliat all the above-mentioned 
factors under various circumstances may play 
a role in the localization of the vegetations. 
Also, trauma, produced by abnormally di- 
rected columns of the blood stream as a re- 
sult of congenital anomalies, must be consid- 
ered. 

Furlong showed that, in such an instance, 
vegetations developed not at the site of the con- 
genital defect but at the site of the trauma. Against 
Allen’s (1939b) hypothesis, it must also be 
argued tliat atrial fibnllation does occur in acute 
and subacute bacterial endocarditis with stenosis 
of the mitral orfice and is definitely not as rare 
as was previously supposed (dc la Chapelle and 
Craef, 1932; McDonald. 1946). Thus, the argu- 
ment that forceful contraction of the left atrium 
is necessary for the production of acute or sub- 
acute bacterial endocardids does not hold. One 
must also consider the virulence of die agent, die 
resistance of the host and of the vaKoilar area, 
perhaps the altered reactivity of the latter, and 
factors linked with local tissue response. Perhaps 
loo much emphasis is placed on the presence of 
pre-existing deformities of the valves rather than 
on whether the valves were vascularized prior 
to the onset of the acute endocarditis. Experi- 
mental work indicates that a chronically over- 
loaded heart is susceptible to valvular damage. 
In rats exposed to the equivalent of very high 
altitudes, nodular thickenings developed on the 
heart valves following repeated administraUon 
of non-hcmol>dc streptococci, and acute endo- 
carditis resulted more frequently tlian in con- 
trols. Similar results liave been produced in dogs 
witl) arteriovenous fistulas (nigliin.ui and Alt- 
land, 1949, 1950). (See also Bobb .and asso- 
ciates, 1952.) Thus, It is evident that, in asso- 
ciation will) a bacteremia, a number of factors 
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Figure X*ll. Subacute bactenal endocardtUs. Strep* 
lococci in siipciRcial portion of xcgctation. 


delenninc whether uiuluearditis will iiccur. (Sec 
also Experimental Endocarditis, page 751.) 

SuZtacufe Bacicrial Endocarditis 
(Endocarditis Lenta) 

Designation of Endocarditis as Acute and 
Subacute Forms. Bacterial endocarditis is 
usually designated as acute bacterial and sub- 
acute bacterial endocarditis. This Icnninology 
is based on the duration of the dise.ise .md 
is significant from the clinical ijoint of view. 
Acute bacterial endocarditis generally l.isls 
less than six weeks In studying a number of 
reports of acute and subacute bacterial endo- 
carditis, generally no clear-cut differences arc 
pointed out between these two forms. There 
are many transitional fonns in which, from 
the data on hand, no distinction can be nude, 
and it remains often a matter of personal 
preference whether to classify the endocar- 
ditis as acute or subacute. Tliis is, of course, 
particuhu-ly true when acute bacterial endo- 
carditis is superimposed on an old xahailar 
lesion To judge from the literature, it would 
seem that in some such inst^inces the clinical 
picture of subacute bacterial endocarditis is 
more likely to lead to the diagnosis than are 
the anatomic features. A number of articles 
and monographs, labelled “bacterial or infec*- 
tive endocarditis," deal with both acute and 
subacute bacterial endocarditis. It is con- 
fusing when in such communications the re- 
sults of bacterial studies, the age inddcnce, 
the duration of the disease, and die gross ana- 
tomic and histologic Endings of both types 
of endocarditis are disc-ussed under one head- 
ing. This would be justified if acute bacterial 


endocarditis were an early st.ige of a latcr- 
dcveloping endocarditis lenta. The point in 
question is wlicther acute bacterial endocardi- 
tis is one entity and subacute bacterial endo- 
c.irdi(is (endocarditis lent.i) is n different, 
Well-defined entity or disease. Arc acute and 
subacute bacterial endocarditis two diseases? 
Docs subacute bacterial endocarditis or endo- 
carditis lenta start as acute bacterial endocar- 
ditis? Is it possible from the gross and 
liistniugic picture alone to distingiiisli be- 
tween acute bacterial and subacute bacterial 
endocarditis? Knoll (19H) pointed out tlic 
dilficulties of classifying anatomic lesions 
under the heading of subacute bacterial endo- 
carditis in the light of expert opinion and re- 
cent experimental work. 

Before a discussion of these questions is 
undertaken, a few data in regard to age dis- 
tribution, involvement of various valves, and 
a description of the gross and microscopic ap- 
|)earance of subacute bacterial endocarditis 
will be given. 

Age Incidence. Tlie age disLributioii of sub- 
acute endocarditis was given by White 
(1051), from a study of 250 cases, as follows: 
Six patients were under 10 years of age, 42 
between 10 and 20, 79 between 20 and 30. 
53 lictwccn 30 and 40, 39 betw een 40 and 50, 
21 between 50 and 60, and 10 over 60. 

^V1Iite also stated that the >oungcst patients 
on record were >cars, 2 V 3 , and 5 >cars old. 
He remarked Uiat this disease is ver}' rare in 
>ouiig children. In Scabury's (1947) scries of 
subacute bacterial endocarditis, 55.8 per c'cnt 
of the patients were found to be in the third and 
fourth decades. Libman and Friedbcrg (1948) 
stated tliat two-thirds of their p.iticnts with sub- 
acute bacterial endocarditis were bctvx’cen 20 and 
40 years old. In the report of Clawson (1941), 
among 80,265 autopsies, 314 c.ises of b.-icterial 
endocardibs were encountered; in 364 instances, 
symptoms had lasted more than 6 weeks. Of the 
364 persons, 237 were males and 127 females. 
Six patients were in the first decade, 35 in the 
second, 83 in the third, 81 in the fourth, 71 in 
the fifth, 48 in the sixth, 33 in tlie seventli, 4 in 
the eighth, and 3 were in the ninth decade. 
Zeman (1945) found subacute bacterial endo- 
carditis in 8 patients whose ages were behveen 
60 and 87 years. 
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TABLE X-7 

Frequency of Involvement of Valves and Mural 
Endocardium in 50 Patients witli Subacute 
Bacterial Endocarditis 
(Denman, 1942) 

Valves and/or Mural Endocardium No. of Hearts 


Affected Affected 

Nbtral 21 

Aorhc 10 

Pulmonic 1 

Tncuspid 1 

Mural endocardium 2 

Mitral, aortic and tricuspid 1 

Mitral and aortic 3 

Mitral and tncuspid 2 

Mitral and mural endocardium 4 

Aortic and tncuspid 2 

Mitral, aortic and mural endocardium 1 

Aortic and mural endocardium 1 


TABLE X-8 

Orgamsms Recovered on Blood Culture from 157 
Patients with Subacute Bacterial Endocarditis 
(Seabury, 1947) 

Orgamsms Number Per Cent 


Streptococcus sp. (Viridans group) 

126 

80.2 

Streptococcus pyogenes 

3 

1.9 

Streptococcus sp. ( gamma 
hemolytic ) 

12 

7.6 

Gram-positive cocci m chains 

3 

1.9 

Gaffkya tetragena 

1 , 

08 

Gram-negativo pleomorphic rods 

1 

06 

Staphylococcus albus 

1 

06 

Staphylococcus aureus 

1 

0.6 

Brucella abortus 

1 

0.6 

Clostridium 

1 

0.6 

Absent m life, present at autopsy 

7 

4.5 


Valves Involved. Table X-7 presents the 
frequency of involvement of the various 
valves and of the mural endocardium in Den- 
man’s (1942) series of 50 cases. (One of 
Denman’s cases is not included since appar- 
ently only tlie epicardium was involved.) 

Among 1000 consecutive autopsies performed 
at Michael Reese Hospital on patients over 2 
years of age, subacute bacterial endocarditis was 
encountered 15 times. The mitral valve alone was 
involved 3 times, the aortic valve 5 times, and 
both valves 7 times. 

Causative Organisms. In the vast majority 
of cases. Streptococcus sp. (Viridans group) 
(alpha hemolytic Streptococcus) w’as found 
to be the causative agent (Figure X-ll). 

Moore (1931) staled that this organism is the 
cause in about 93 per cent of his crises. Tabic X-8 
lists the organisms recovered by Seabury (19J7) 


on blood culture from 157 patients with subacute 
bacterial endocarditis. Libman and Friedberg 
(1948) mentioned, among other causative organ- 
isms, members of the genus Neisseria, such as 
{Diplococcus pharyngis siccus) Neisseria sicca 
and N. catarrhalis, as well as Corynehacterium 
sp., Spirdlum surati, Streptobacillus moniliformis 
and others. Jones (1950) revievved the litera- 
ture from 1936 to 1948, inclusive, of cases of 
subacute bacterial endocarditis of nonstrepto- 
coccic etiology. Subacute bacterial endocardibs 
has rarely been reported to have been caused by 
Klebsiella pneiiinoniae (Friedlander’s bacillus). 
Thayer (1931) mentioned only one such infec- 
tion. In a number of reports of supposed sub- 
acute bacterial endocardibs, it is not clear 
whether the infections actually represent acute 
bacterial endocarditis superimposed on old valvu- 
lar lesions. Thus, Matthew (1951) demonstrated 
a coagulase-negabve Staphylococcus albus m his 
case, Coudie and Lowther (1951) both Hflenio- 
philus jMrainftuenzae and Streptococcus sp. (Vm- 
dans group), Fairbrother and Lord (1052), 
Streptococcus pyogenes (Str. hemolyticus); 
Roberts and Goldberg (1951), enterococci; 
Wood and associates (1955), Streptococcus lac- 
Us; and Dietzsch (1955), lactobacilli. Herrell 
and Heihnan (1952) emphasized that more than 
90 per cent of the cases of subacute bacterial 
endocarditis are caused by streptococci which 
produce a green color or are indilFerent in color 
on blood agar, and that these organisms include 
a number of diEerent species, the most cortimon 
of w/ueft are Str. saffoarius, Str. mitis and Str. 
faecalis. 

Bacteria, however, are not aivv'ays demonstra- 
ble in certain clinically clear-cut cases of sub- 
acute bacterial endocarditis, either post mortem 
or during the course of the disease, although they 
had been previously recovered in blood cultures 
and no specific treatment had been given. Lib- 
mau (1913), therefore, divided subacute bac- 
terial endocardibs into a bacterial and an abac- 
terial stage. In the abacterial stage, no organisms 
are recovered from the blood stream or the vege- 
tabons. In this stage, Uie patient may succumb 
to renal insufficiency or to the clfccts of ciubo- 
lism. Libman and Fnedberg believed th.it bac- 
teria] cultures are negalho in the so-called 
bactcria-frce stage because bacteria are then no 
longer present on the surface nf the endocardial 
vegetations and, therefore, none appear in the 
blood stream. However, it is also hhely that 
abundant antibodies in the bfood stream may 
cause bactena to be precipitated, so tlut they 
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Figure X-12. Early vcgctatioru m subacuie badcnal ctHloc.in]itis Mipcnnipuscd on old 
rhcunuUc xaUtiliUs- ( WCCII, -15 i* 2ii3.) 


may localize on the cardiac vaKc. It has often 
been maintained Uiat patients with bacterial 
endocarditis possess sarious immune bodies 
which are able to destroy die organisms. Onlv if 
bacteria enter the circulating bloud faster Uun 
immune bodies can destroy Uicm, may they be 
demonstrable in blood cultures. 

Portal of Entry. Weiss (193d) pointed out 
that the portal of entry of the bacteria in sub- 
acute bacterial endocarditis is most often the 
upper respiratory tract. Ho\ve\cr, subacute, 
like acute bacterial endocarditis, has also been 
reported in association with a number of dis- 
eases. Not rarely this disease has been ob- 
ser\'ed following dental e.xtraction. 

Of 92 instances of subacute bactena! endo- 
carditis reviewed by BamHeld (1945), in G ex- 
traction of teeth w’as associated willi the disease. 
A study of these instances suggested that extrac* 
bon either may have caused the endocarditis or, 
in those cases in which extraction had been per- 
formed after the onset of the endocarditis, may 
merely have been the apparent cause of the in- 
fection. He concluded that there is evidence that 
post-extraction bacteremia causes the subacute 
bacterial endocarditis. 

Tlie most frequently associated or preced- 
ing disease is rheumatic fever. This will he 
discussed subsequently. 


Gross Dislinclioii from Acute Bactcrml En* 
docardilis. In some cases, clear*c'ut gross dis- 
tinctiun between acute bacterial endocarditis 
and subacute bacterial endocarditis can be 
made widi relative case. Tlic diagnosis of 
acute b.ictcrial endocarditis is not dif&cult if 
the recent vegetation is massive and if it is 
imposed upon a valve whicli shows no evi- 
dences of older inflammation; in other words, 
if the valve is tender and delicate. As iiointed 
out previously, Uie vegetations may also be 
present on the adjacent mural endocardium, 
and large ulcers are not rare. It seems obvi- 
ous that such an endocarditis must be desig- 
nated as acute vegetative endocarditis and, 
because of the presence of bacteria which in- 
variably are easily demonstrated, as acute 
bacterial endocarditis. If engrafted upon an 
old endocarditis, the latter is characterized 
by old scarring with retraction of the cusp, 
or adhesions between tlie cusps. In typical 
subacute bacterial endocarditis, the vegeta- 
tions are also large but not massive, and their 
coloration contains more gray or yellow than 
red. They are often vermiform in appearance. 
The endocarditis often e.vtends be)'ond the 
limits of the leaflets and the mural endocar- 
dium is mvamhly involved. Minute ulcer- 
ations, never large ones, are present in ad- 
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jacent free margins of thickened leaflets, 
giving tliem a moth-eaten appearance. Tear- 
ing of the involved valves may occur. The 
cusps or leaflets always show evidence of an 
older endocarditis. These older lesions may 
be characterized only by slightly thickened 
free margins of the cusps or leaflets (Figure 
X-12), or rolled edges or moderate retraction 
of the cusps. Occasionally, adhesions of a 
slight degree may be found between the 
cusps. Old healed lesions >vith marked fi- 
brosis, hyalinizalion, and calcification are 
usually not present. Parietal lesions occur 
predominantly in the left atrium and left ven- 
tricle. Fibrous irregularities, as a result of 
healing, often assume a characteristic coarse 
“sharkskin” appearance. The organism pres- 
ent in the vast majority of cases of subacute 
bacterial endocarditis is Streptococcus sp. 
(Viridans group). The histologic finding of 
many cocci in the valves is not sufficient for 
diagnosis. From a practical point of view, it 
may be wise to remember that if a majority 
of the following factors are present, the case 


in question is likely to be subacute bacterial 
endocarditis ratlier than acute bacterial endo- 
carditis: (1) evidence of an older endocardi- 
tis, witliout old calcific changes; (2) long 
vermiform vegetations and small ones, side 
by side; (3) minute ulcers, with “moth-eaten" 
free edges of the cusps; (4) involvement of 
the mural endocardium; and (5) presence of 
Streptococcus sp. (Viridans group). 

Microscopic Changes. Jaffe (1932) gave 
an extensive description of the histologic 
changes in the valves of subacute bacterial 
endocarditis. The vegetations usually consist 
of fibrin, platelets and polymorphonuclear 
leukocytes, the masses of fibrin being most 
pronounced on tlie surface of the vegetations 
(Figure X-13). Minute foci of calcification 
are not rare. Though Jaffe believed that the 
cocci per se become calcified, later studies 
of healing endocarditis make it seem more 
likely that lime is deposited within the ne- 
crotic portions of the vegetations, close to 
their edges. Necrotic portions of the valve 
leaflets are found adjacent to large or small 



Figure X-13. Forliuit of xcgiUition of sub.tcute b.'K.tcnal endo- 
carditis slnwing aku'aling Ii))<.rs of 6bnn and of columcs of 
batleria. X90. (WCCII. P 227 B.) 
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tenal endocarditis. Note palisading of large iiistiu* 
cytic cells, many with multiple nuclei. Uemalosylin 
and cosin. X 250. 


areas of inflammation. Often, large cells arc 
noted with one or several round nuclei, and 
oval or slightly si;)indle*sltaped cells, the long 
axes of tlio cells being directed toward the 
necrotic portion. Lymphocytes, histiocytes, 
pigment-laden phagocytes and occasional 
plasma cells arc also evident. These cells arc 
found within an edematous fibrillar ground 
substance which is traversed by many capil- 
laries. 

Eflrly inicroscopfc changes, ^\1lile the above 
histologic picture is seen in advanced cases, 
Jaffe believed that initially there is swelling 
of the endothelial cells close to the line of 
closure. Tlie nuclei soon disappear and the 
cells become necrotic. At about this time 
there appear, in tlie subendocardial layers, 
oval cells with vesicular nuclei, these cells 
often assuming palisade formations, with tlicir 
long axes perpendicular to the free margins 
of tlie valves. These cells soon become ne- 
crotic and gradually fuse ivith the platelets 
of a tlirombus formed in that region. The 
palisading of cells is characteristic (Figures 
X'14 and X-15) and is always demonstrable 
if enough sections are studied. Jaffe thouglil 
lliat Uiese cells are young connective tissue 
cells (fibrocytes). Circumscribed, nodular, 
cellular infiltrations, consisting of portions of 
the loose edematous ground substance and a 
number of cells witli round nuclei and mudi 
cytoplasm, are also found early. Giant cells 


are often seen (Figures X-16 and X-21) par- 
ticularly at the surface of these small nodules. 
Sometimes these giant cells resemble Lang- 
lians giant cells, with nuclei arranged at the 
periphery of the cytoplasm. Jaffe thought 
they were either fused histiocytes or fibro- 
cytes. 

Giant Cells and Necrotic Areas. Giant cells 
arc also encountered at the marginal portion 
of the inflamed leaflets and within the ne- 
crotic parts of the vegetations or valves. Those 
at the fonner site seem to arise by fusion of 
several lining cndotliclial cells of tlie valve. 
Tlieir nuclei and the nuclei of more or less 
intact, but swollen, endothelial lining cells 
arc morpliologically identical. It is also prob- 
ably significant that they arc found close to 
the endocardial lining. The giant cells of the 
necrotic foci within the vegetations generally 
seem to be of the foreign-body type. It has 
been mentioned that wlcium is often de- 
posited early within the necrotic portion of 
the valve or vegetation (Figures X-10, 17, 
19-22), From a study of liealing forms of 
subacute bacterial endocarditis, it appears 
that giant cells of foreign-body t>’pc arc not 
rarely found adjacent to such lime deposits. 
Eventually necrosis occurs within the nod- 
ules described above. Tlie necrosis starts at 
the periphery of die nodule.s and extends out- 
side die nodules into die valvular tissue. Cocci 
which are usually present at the periiihery 
do not extend into the necrotic portion of 



Figure X-15. Vegetation of subacule bac- 
terial endocarditis. Note palisading of Ins- 
tioc>'tes bordering a necrotic portion of 
mitral valve. Hematoxylin and eosin. X 150. 
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Figure X-16. Healing subacute bacterial endocardiU» 
with acute changes sbll present. Note presence of 
giant cells, ly-niphocytes and hisbocylic cells. The 
peripheral regions still show either necrosis or masses 
of polymorphonuclear leukocytes. Hematoxylin and 
eosin X 105. ( Courtesy of Armed Forces Institute of 
Pathology. Acc. No. 37*188-1.) 

the nodules. Gradually evidence of suppura- 
tion appears, often with necrosis and severe 
destruction of the tissues. At the periphery 
of the necrotic areas, fibrocytes and histio- 
cytes accumulate and these gradually extend 
into the necrotic portion, after which there 
is new formation of capillaries and attempts 
at healing or scarring (Figure X-I8). The 
areas of necrosis may extend from the center 
of some of tlie nodules to the periphery, with 
perforation of the valvular endocardium and 
with formation of ulcers and thrombi. 

Distinction from Acute Bacterial Endocar- 
ditis. In comparing this description with the 
histologic changes in valves with acute bac- 
terial endocarditis, several imijortant differ- 
ences are evident. In acute endocarditis, ex- 
udation is much more pronounced, large areas 
of necrosis of the valve intermingled with poly- 
morphonuclear leukocytes aie slouglied, and 
large deep ulcers occur. In subacute bacterial 
endocarditis, ulcers are small and more super- 
ficial. Evidence of repair with newly formed 
connective tissue cells and actual granulation 
tissue is rarely seen in acute bacterial endo- 
cardih's, but is always present in sub.icutc 
bacterial endocarditis. Jaffe emphasized that 
the formation of nodules containing giant 


cells, as described above, does not occur in 
acute bacterial endocarditis, but is pathog- 
nomonic of subacute bacterial endocarditis. 
Palisading of cells is almost always encoun- 
tered in subacute bacterial endocarditis. 
Sometimes they are also found early in acute 
bacterial endocarditis but here they soon be- 
come involved in tlie necrotizing process. 
TIius, from the gross description and from the 
microscopic details, it must be concluded that 
there is a type of bacterial endocarditis, called 
subacute bacterial endocarditis, ^v]uch differs 
not only in its clinical manifestations, but also 
in some anatomic respects from acute endo- 
carditis that is superimposed upon an old 
endocarditis. However, it must be pointed 
out at Once that not all cases classified and re- 
ported as subacute bacterial endocarditis con- 
form to the above description. 

Subacute Endocarditis as a Special Entity. 
Libman and Friedberg (1948) repeatedly 
stated tliat acute bacterial endocarditis and 
subacute bacterial endocarditis arc sharply 
distinguishable both as to tJicir causation, and 
their clinical and pathologic features. 

Scbottmuller (1910) maintained that subacute 
bacterial endocarditis is an entirely separate en- 
tity, a specific disease caused by certain species 
of streptococci (of the Viridans group). One 
of tlie clinical characteristics of the disease is its 
slow protracted course. For this reason he called 
it endocarditis lenta (“lenta” meaning slow or 
insidious). Karsner (1931) stated that endo- 



Figure X-17. Subacute bactcnul enJocardilis. Vege- 
tation older tlian that &houii in I'igtira X-15. Xolc 
superficial area of fibnn xxnlli dumps of lime salts and 
granulaUoii tissue xxilh beginning scar fumiatluti at 
the base. Hematoxybn aud eosin. XllO. 
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Figure X-18. Young scar tissue in healing \cgelalion 
of subacute bacterial cndocanliLis. Heiuatot>hn and 
eosin. X 150. 


carditis lenta in Us typical form is cliaracterisUc. 
It IS not literally subacute but represents a more 
or less continuous formation of acute or subacute 
\emicous and segetative endocarditis m close 
association with progressive chronic endocarditis 
and granulation tissue. Titc acute process does 
uot ordinarily liave large vegetations nor is it 
always free from large masses of thrombi. Pe- 
dunculated >cgetations are rare. As Jalfe has 
shoNvn, the microscopic picture of subacute bac- 
terial endocarditis is characteristic. 

From the clinical data, the gross, micro- 
scopic and bacteriologic findings and the rele- 
vant literature, the following facts are elic- 
ited; (1) Subacute bacterial endocarditis is 
a definite clinical entity, differing from acute 
bacterial endocarditis and uncomplicated sep- 
sis; (2) the gross appearance of the involved 
valve is quite characteristic and the micro- 
scopic appearance perhaps even more charac- 
teristic; (3) Streptococcus sp. (Viridans 
group) is reported to be present in the vast 
majority of instances, as will be pointed out 
later; (4) in a high percentage of cases there 
is eiUier a histor\’ of rheuin.itic fever or 
Asclioff bodies are present in the myocardium; 
(5) whereas it is not difficult to produce acute 
bacterial endocarditis cxiierimcntally, it is 
questionable if subacute bacterial endocar- 
ditis has over been produced in an experimen- 
tal animal. 

The main gross and histologic differences be- 
tween acute and subacute bacterial endocarditis 


have been pointed out above. Jaffe felt certain 
that tlie liistologic features were characteristic. It 
is also worth nientfoning that several investiga- 
tors have been impressed by the occurrence of 
hyperplasia of tlie reticulo-endotlielial sjstem in 
this disease. Islamanovva (1928) emphasized 
tliat in SO instances of subacute endocarditis 
there was hyperpLisja of the cells of the reticulo- 
endotheh'al system, affecting the lymph nodes, 
spleen, liver and bone marrow. Such hyperplasia 
was not present in patients witli old valvular 
disease. However, she did not think that this 
reticulum cell hyperplasia differs from that seen 
in other infectious diseases. Jaffe was also im- 
pressed with the reticulum cell hyperplasia in 
subacute bacterial endocarditis. 

Held and Lieberson (1943) stated that sub- 
acute bacterial endocarditis represents a state of 
high local and general tissue immunity to bac- 
terial invasion. They further emphasized that the 
unmunity resides in the local endothelial struc- 
tures, as well as in the general reticulo-endo- 
thelial system. Since the reaction to this bacterial 
invasion is largely endothelial, tliey thought that 
the disease may rightfully be termed “infectious 
endolheliosis.” 

noLE OF Streptococcus sp. (vtiudaxs 
group) 

It has often been stated that Str. ciridans 
is less virulent than other streptococci and, 
llierefore, may cause the slowly developing 
subacute endocarditis. Older investigators be- 
lieved that particular types of green strepto- 
cocci had a special affinity for the heart valv es 
and caused subacute bacterial endocarditis. 



Figure X-19. Calciiicctioii of divtal portion of vege- 
tation of subacute bacterial cnclocarditi:,. Ilcmatoxy- 
Ld and eosin. X 75. 
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Karsner does not believe in such an elective 
localization. Rosebury (1944) concluded that 
in the majority of cases the causative organ- 
ism is the gamma nonhemolytic Streptococcus, 
an alpha Streptococcus belonging to the Viri- 
dans group. Wheeler and Foley’s (1945) stud- 
ies are noteworthy. They isolated streptococci 
from 17 instances of subacute bacterial endo- 
carditis and found that most of these were 
serologically identical and frequently be- 
longed to the Lancefield Group D. 

Wheeler and Foley also staled that the bac- 
tenologic metliods employed m the identiGcation 
of alpha or "green-producing” streptococci usu- 
ally indicate notliing concerning the exact iden- 
tity of the strain. Interestingly enough, they 
emphasized that enterococci (Str faecahs), also 
occasionally encountered in subacute bacterial 
endocarditis are serologically identical and often 
belong to the Lancefield Group D. Also, Skinner 
and Edwards (1942) recorded 2 instances of 
subacute bacterial endocarditis caused by an 
enterococcus, fiotli strains vvere Identified as 
members of Group D of the Lancefield classifica- 
tion of streptococci. (See also page 738.) From 
this study, one is inclined to believe that organ- 
isms of the Lancefield Group D are perhaps the 
ones wluch cause subacute bacterial endocaiditis, 
provided other suitable conditions are present 
within the heart valves. 

Relationship of Subacute Bacterial Elndo- 
carditis to Rheumatic Fever. Much has 
been written about the relationship of sub- 
acute bacterial endocarditis to rheunialic en- 
docarditis. (See also Rheumatic Endocar- 
ditis.) Wliatever this relationship may be, 
relevant studies have been undertaken be- 
cause so often patients with subacute bac- 
terial endocarditis give a liistor)' of one or 
several attacks of acute rheumatic fever. For 
the purpose of the folloi>’ing discussion, nei- 
ther the clinical history of the patient, nor 
so-called “rlieuinatic stigmata,” nor the Jiislo- 
logic changes of the vab-es, will serve to 
indicate that the ixiticnt had liad rheumatic 
fever; but instead, only the one indisputable 
evidence of rheumatic heart disease — the 
mijocanltal Aschoff hoihj. From the recent 
literature (sec Macllwainc, 1945), it becomes 
increasingly apparent that the more carefully 
the myocardium is examined in instances of 



Figure X-20 (top). Dark aniorplioiis material siir- 
Touiided by a forcigii-body giant icll within (lie m>o- 
cardium. Hun.ito\>ljn and eosin, X580. 

Figure X-21 (muhllc). Calcific material surrounded 
by foreign-body giant cells. \an Gicson. X360. 

Figure X-22 (loiccr), Fort/gn-lrody gramde/ma wiili 
calciuin dciwsits in the center. IIcm.itOYylm and cosiii. 
X-150. "Ilicsc fnrtigii-body gramilonias are interpreted 
as evidence of lic.'tling of the subaente bacterial e-ndo- 
carditK. 

Figures X-20 to 22 are re-produce-d by courtesy 
of Ardutca of Puthohay from article by the autlior 
(Arch. Path., 42.574. ia-td). 
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subacute bacterial endocarditis, tlie more fre- 
quently are Aschoff bodies encountered. As 
a matter of fact, it appears that Aschoff bodies 
would be demonstrable in many more hearts 
with subacute bacterial endocarditis if a 
greater number of blocks from the myocar- 
dium were examined. 

In a study of sections of the myocaidium of 10 
children with subacute bacterial endocarditis, 
Saphir and Wile (1933) found Aschoff bodies m 
e\ery heart. This constant finding is explained 
partly by the refatively larger portions of the 
myocardium that were studied from the hearts 
of children than are usually studied in adults, 
and partly by the mterval between rheumatic 
fever and subacute bacterial endocarditis being 
usually shorter m children tlian in adults. Table 
X-9 presents data accumulated by Macllwaioe to 
show the percentages of Aschoff bodies found in 
the myocardium of hearts witli subacute bacterial 
endocarditis by various investigators. If the find- 
ing of tlie Aschoff body is taken as the only 
criterion for rheumatic heart disease, it becomes 
obvious tliat careful studies of the myocardium 
will indicate that a great many patients with sub- 
acute bacterial endocaidids must have had rheu 
matic myocarditis and, in all hkchhood, also 
rheumabe endocarditis. 

Streptococcus sp. (Viridans Group) and 
Rlieunialic Valvulitis. At tlie present time, 
there can be no doubt of tlie role of the 

TABLE X-3 

Incidence of AsclioiF Bodies Found in Subacute 
Bacterial Endoc.arditis, in Vanous Fublislied 
Senes (Macihvaine, 19-15) 

No. of CasM Percentage 


Subacute uit/i 

Bcclrritil AscJwff 

Aulltars Emlucaritilis Bodies 

Clawson and Bell (1926) 61 11.5 

Cross and Fried (1937) 30 30.0 

Buclibinder and Saphir ( 1939) -10 37.3 

Saplur (1935) 35 -10.0 

Clawson (1929) 60 450 

Von Cl.iiin and Pappcnliciiner 

(1935) 26 160 

Macllwainc ( 1045 ) 34 63.3 

Sapliir and Wile (1933) 10 100.0 


Streptococcus sp. (Viridans group) in sub- 
acute bacterial endocarditis. Tlie difficulty 
lies in e.\plajning why llie Streptococcus sp- 
(Viridans group), superimposed upon rheu- 
matic valvulitis, produces Uie gross and histo- 


logic picture of subacute bacterial endocar- 
ditis and the insidious clinical feature of tlie 
disease. 

Some wnters explain both the ensuing ana- 
tomic changes and the clinical picture on the 
altered reaction of the previously inflamed valve, 
the original infection having produced the hyper- 
ergic inflammab’on and tlie final infection caus- 
ing the immune reaction, i.c., subacute bacterial 
endocarditis. The supporters of this hypotliesis 
assume, of course, tliat both diseases have a simi- 
lar causative agent, the difference in the dise^ise 
lying in the difference of the reaction of tlie host. 
The arguments against tliis attractive hypothesis 
are many and have been mentioned previously 
(see Rheumabe Endocarditis). At present this 
hypotliesis has not been proved. The only proof 
for it would lie in the experimental production 
of both rheumatic fever and subacute bacterial 
endocardiUs witli Uie same organism. This re- 
<iuires, not only the experimental production of 
rheumatic endocardibs per se, but also the pro- 
duebon of that most cliaracterlsbc enbty, an 
unequivocal Aschoff body. In the arbcle by 
McKeowTi (1947), tlie assumption is made that 
AscIioS bodies have been produced experimen- 
tally. A critical review and aualysis of the accom- 
panying illustrations, iiowever, disclose that the 
lesion in question, though resembling Aschoff 
bodies, should not be so designated. In my opin- 
ion, typical Aschoff bodies have not been pro- 
duced experimentally up to the present time. It 
also should be emphasized that in many of the 
relevant experimental researclies (see Rheumatic 
Fever) the organisms used were identified 
merely as Sir. oiridans and were not further 
classified. It may be fruitful to repeat a number 
of tliese experiinents, using only the Lancefield 
D type and its products. 

Relationship of Subacute Bacterial Endocar- 
ditis to Valvular Disease. Clawson and Bell 
(1926) thought biat subacute bacterial endocar- 
ditis is determined by factors of virulence and 
resistance, and that it differs only in degree from 
other forms of endocarditis. On the other hand. 
Von Gbhn and Pappenheimer (1935) concluded 
tliat subacute bactenal endocarditis is a new in- 
fection superimposed on an unhealed rheumatic 
endocarditis. Other possibilities liavc been sug- 
gested why Streptococcus sp. (Viridans group) 
produces the histologic picture of sulm-ute bac- 
tciral endocarditis if engrafted upon a rheumatic 
valvulitis. Sapliir and Wile (1933) emplwsized 
tliat the finding of typical Aschoff bodies in the 
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myocardium in cases of subacute bacterial endo- 
carditis is not an immune response in a previ- 
ously hypersensitive patient. They maintained 
that it would be difficult to explain the simul- 
taneous response of a tissue in two different \va>'S, 
i.e., exhibition of both a hypersensitive reaction 
represented by the Aschoff body, and an immune 
reaction represented by the vegetation of endo- 
carditis. They stated that the rheumatic valvulitis 
somehow facihtates subsequent localization of 
bacteria. Gross and Fried (1937) believed that 
some of the cases of acute and subacute bacterial 
endocarditis were “thrown into activity*’ by tlie 
superimposed bactenal infection, rather than that 
the activity of the rheumatic process predisposed 
to the bacterial endocarditis. MaclKvame (1947) 
believed tliat the acute changes seen in rheumatic 
endocarditis are such as to offer a focus for the 
locahzation of bactena from the circulating 
blood. In subacute bacterial endocarditis the 
organisms are relatively avinilent and require for 
their implantation some localizing factor in the 
valves themselves. It is suggested that such a 
factor is the presence of rlieumalic lesions and 
that these are the determining pathogenic factors 
in the majority of cases of subacute bacterial en- 
docarditis. 

Postulates for Specific Criteria of Subacute 
Bacterial Endocarditis. Three facts appear to 
stand out; (1) The clinical picture in subacute 
bacterial endocarditis is characteristic; (2) a 
more or less specific organism, a Streptococcus 
belonging to the Vindans group, is the offend- 
ing organism, and (3) jf carefully souglit, Asch- 
off bodies, the only definite liistologic criterion 
of rheumatic heart disease, are often found in 
the in>ocardium. The question must be raised 
immediately whether the last 2 factors ivill be 
found regularly in carefully studied cases. Per- 
haps it may be going to extremes of precision to 
recommend, according to our present knowledge, 
that subacute bacterial endocarditis be diagnosed 
anatomically, not only on the basis of the fairly 
characteristic gross and histologic picture of the 
valves, but also, if evidence of rheumatic endo- 
carditis is brought fonvard, by Uie defection of 
Aschoff bodies. Bacteriologically, a Streptococ- 
cus belonging to the Viridans group should bo 
demonstrated. If these enteria are established, 
subacute bacterial endocarditis will become a 
much more precise entity, not only clinically, but 
also bacteriologically .and pathologically. 

The oh/cctioiis to such strict criteria are obvi- 
ous. Cases are on record of subacute b.»clcnal 
endocarditis in which organisms oilier tlian strep- 


tococci were demonstrable. Besides, there are 
many reports of subacute bacterial endocarditis 
eagnifted upon congenital defects in the heart 
and upon syphilitic aortic valves. There are also 
many instances of acute bacterial (streptococcal) 
endocarditis which are superimposed on old in- 
flammatory valvular lesions. These definitely are 
not instances of subacute bacterial endoCiirditis. 
and yet tlie old inflammation of the valve is often 
assumed to be of rheuinabc origin. Subacute 
bacterial endocarditis caused by organisms other 
than those belonging to the Vindans group are 
comparatively rare. Cases of this type should 
always be re-studied carefully bacteriologically 
to see if, in addition to tlie bacterium first dis- 
covered, another might also be present. Mac- 
Lean and Howell (1947) showed that, in a case 
of subacute bacterial endocarditis, 2 types of 
streptococci were present, one of which had be- 
come sensitive to penicillin. As previously men- 
tioned, Wheeler and Foley (1945) demonstrated 
that certain enterococci which were encountered 
in subacute bacterial endocarditis were serologi- 
cally identical and often belonged to Lancefield 
Group D, that a gross anatomic diagnosis of sub- 
acute bacteria] endocarditis alone is often insuffi- 
cient, and tliat a careful microscopic examination 
of the valviil.ir lesions is essential to verify tlie 
diagnosis. In many reports, the diagnosis has 
been made on!)' on the basis of the clinic.il or of 
the clinical and gross anatomic findings, and has 
not been supplemented by microscopic studies. 
The same criticism may be made of many reports 
cf subacute bacteri.il endocarditis engrafted on 
either congenital cardiac defects or syphilitic 
aortic valves. In most of these instances, the 
diagnosis had been made principally on the find- 
ings of a Stieptococcus of the Viridans group. In 
retrospect, many of these cases seem to be in- 
stances of acute bacterial endocarditis engrafted 
upon old valvular defects. Again, it must be 
emphasized that the mere demonstration of a 
Streptococcus of the Viridans group is not suffi- 
cient to make a diagnosis of subacute bacterial 
endocarditis, 

Kolctstcy's (1042) observ.itions lend no siqi- 
port to the belief that stjphihs is a significant 
predisposing factor in the development of suli- 
acutc bacterial endocarditis. He studied 5 cases 
of combined syphilitic heart disease and bacterial 
endocarditis among 4000 consecutive .mtopsics. 

In 2 there was syphilitic aortitis alone .iiid in 3 
there uas iinolveinciit of live aortic vaKc. He 
did not believe tliat any significance could be 
attached to the syphilitic lesion as a precursor of 
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Figure X-23. Healing vegeUlions io subacute bacterial endocarditis of 
mitral %alve. following treatment with peniallin. (WCGH, 50 A 29.) 


the endocardlbs, since stigmata of rheumatic 
fever were demonstrated in 4 cases, and in at 
least 2 of these there were syphilitic and rheu- 
matic lesions of die aortic vaUe. In the fifth case, 
syphilis was confined to the root of the aorta 
and an acute bacterial endocarditis was appar- 
ently imposed upon a normal aortic salve. 

Acute Bacterial Endocarditis and Old 
Endocarditis. Cases are also on record of 
acute bacterial endocarditis caused by strep- 
tococci, superimposed on old valvular lesions 
which were interpreted to be of rheumatic 
origin. Neither tlie clinical picture nor the 
gross picture was characteristic of subacute 
bacteria] endocarditis. Jt must again be em- 
phasized tliat acute bacterial endocarditis, 
which for some reason is not severe enougli 
to cause death, may heal ivith scarring of the 
valve. As a matter of fact, there is no reason 
whatever, as will be discussed later, why an 
old mitral or aortic endocarditis must always 
be labelled old "rheumatic endocarditis" 
ratlicr tlian old “nonspecific" endocarditis. It 
seems obvious that acute bacterial endocar- 
ditis may undergo healing and that such a 
nonspectSc mBammatory process eyentuaUy 
will come to a standstill. The result will be 


a deformity of Uie valve. Thus, if there are 
no definite indications tliat such old valv- 
ular lesions are rhcumtaic in origin, a rheu- 
matic etiology should not be assumed. Sucli 
an instance of acute and old endocarditis 
should be classified as acute bacterial (StrejJ- 
lococcus sp., Viridans group) endocarditis 
superimposed on an old (nonspecific) endo- 
carditis and not as subacute bacterial endocar- 
ditis, simply because of the findings of 
Streptococcus of the Viridans group, recent 
vegetations and an old endocarditis. Further- 
more. every case of bacterial endocarditis 
Caused by any type of organism, superim- 
posed upon a rheumatic endocarditis, should 
not be accepted positively as subacute bac- 
terial endocarditis. 

Nomenclature. It is perfectly clear that 
"subacute bacterial endocarditis” is not a cor- 
rect term, since the disease is not just a sub- 
acute inflammation. There arc a number of 
other terms used for subacute bacterial endo- 
carditis. such as malignant endocarditis, 
clironic infectious or chronic septic endocar- 
ditis, and endocarditis lenta. Schottmiillcr 
(1910) used rfie fcrai “endocarditis lcnta’‘ and 
Uiought that Ihis was a specific disease caused 
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by Sir. viridans. Libman and Friedberg ob- 
jected to this term because they believed sub- 
acute bacterial endocarditis might be caused 
by various organisms and not by Str. viridans 
alone. Karsner ( 1931 ) favored the term endo- 
carditis lenta, meaning slow endocarditis, 
which expresses both the clinical course and 
the anatomic nature of the disease. In view 
of the above concepts, it is evident that the 
term "subacute bacterial endocarditis” is mis- 
leading. 

Histologic Changes as Result of Antibac- 
terial Treatment (Penicillin). Most of the 
histologic studies of the appearance of the 
valvular lesions following treatment with 
penicillin (Figure X-23 to 25) are based on a 
comparison between changes of the valves as 
described in the literature in untreated pa- 
tients or as observed in untreated control 
cases, and changes encountered in the valves 
of treated cases. 

Karsner and Lund (1948) stated, however, 
that this is not a precise evaluation, that inter- 
pretation of changes folloiving penicillin therapy 
IS difficult because of occurrence of variable de- 
grees of fibrosis and £brin formation in untreated 
cases. Moore (1946) stated that administration 
of penicillin m subacute bacterial endocarditis 
promotes healing but th.at the basic processes of 
healing are not modified. 

These processes include the following: cov- 
ering of the exposed surface of the vegetation 
with fibrous tissue, invasion of the layer of 
colonies of bacteria, phagocytosis of bacteria, 
calcification of bacterial colonies, hyaliniza- 
tion and calcification of tlie central core of 


the vegetation and endothelialization of the 
spaces and clefts in the vegetation. xMoore 
believed that in some patients healing is ac- 
companied by excessive calcification and that 
the result may be calcific stenosis of the 
valve. 

Games and Tinsley (1946) described giossly 
small calcified nodules, small flat granular vege- 
tations, fibrous thickenings and iusion between 
cusps. In 2 of their 5 cases which they classified 
as showing evidence of healing, perforations of 
the cusps were noted. No mention was made as 
to whether the perforation occurred m a healing 
cusp, or was located where ulcerative and vege- 
tative endocarditis was still present. In the micro- 
scopic examination, they were impressed with a 
few focal areas of leukocytic infiltrations and with 
calcific nodules that still contained gram-positive 
cocci, i^lso encountered were basophilic nuclear 
debris and an infiltration of mononuclear and 
multinuclear cells. Two other instances, seem- 
ingly presenting more advanced healing, dis- 
closed a relatively acellular connective tissue in 
^yhich large masses of coarse calcific material 
were embedded but in which no bacteria, necro- 
sis or leukocytic infiltrations were seen. Hilde- 
brand and Priest (1947) reported 34 instances 
of penicillin-trcatcd subacute bacterial endocar- 
ditis. The lesions at autopsy were small and 
firm, and calcification sometimes was marked. 
Healed valvular lesions resembled healed stages 
of rheumatic valvulitis. Polymorphonuclears were 
frequently noted and fibrin seemed to per- 
sist. Geiger and Durlacher (1947) found pale, 
dark and smoothly-endothelialized masses of con- 
nective tissues and areas of calcification, but no 
bacteria. 

The histologic criteria of liealing are given in 
Table X-10. 


TABLE X-10 


Histologic Catena of Healing in Subacute Bactcnal Endocarditis, 
According to Jones and Associates (1947) 


Stage 1. Indistinguishable from vegetations of untreated cases; active inflammation. 

Stage 2. Much organization, slight or no inflammatory reaction, intennedfate between stages 1 
and 3. 

Stage 3. Organization advanced; lesion probably nearly healed. 


Feature Stage I 

Pol>-mori5honuclear Icukocjtcs in vege- 
tation or valve Moderate number 

Mononuclear cells in vegetation Some 

Growlli of endoUich.vl cells over vege- 

tation Never 

Newly formed fibrous tissue lattio 

Organisms Ves 

Positive culture from vegetation Sometimes 


Stage 2 

Few or none 
Some 

Never 

.Mijcli, cellular 

Ves 

Never 


Stage 3 
None 

Few or none 
Often 

Variable amoiiat 

Sometimes 

Never 
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Figure X-24. Aoeujysm of anterior leaEet of mitral 
valve following treatment of subacute bactenal cndo* 
cardibs with penicillin. (WCGH, 45 A 429 ) 


Jones and associates (1947) pointed out that 
in untreated bacterial endocarditis, although 
acute mfiaaunator>' changes are alvva>s present 
in some part of the lesion, there may also be areas 
of healing. In assessing healing in these coses. 
It is necessary to examine several sections front 
each vegetation and to form an opinion for the 
composite picture. Angnst and Marquiss (1954) 
described distorted valves with healed perfora- 
tion and sometimes calcific vegetation. 

There are other evidences of healing of 
subacute bacterial endocarditis. Saphir and 
Leroy (1948) reported tnie aiieurysvis of the 
mitral valve (Figures X-23, 24 and 23). These 
aneurysms are outpouchings of portions of 
valves, in tlie absence of vegetations or ulcer- 
ations. Grossly these aneurysms superficially 
resembled broad-based, healed vegetations 
covered by the endocardium, but on touch 
tliey collapsed. They were obviously llie re- 
sult of a circumscribed valvulitis witli conse- 
quent formation of granulation tissue and 
young scar tissue which, because of intracar- 
diac pressure, formed saccular outpouchings. 
All these aneurysms were covered by valvailar 
endothelium. 

Carnes and Tinsley (1946) also mentioned 


aneurysms in their studies of healing Iiacterial 
endocarditis but did not state whether tlie aneu- 
rysms were mycotic (false aneurysms) or true 
aneurysms of the type reported by Saphir and 
Leroy. It has been emphasized repeatedly that 
calcification within the vegetation is regarded as 
evidence of healing. Saphir (1946) found small 
calcific emboli in Uie myocardium of patients 
with subacute bacterial endocarditis (Figures 
X-20 to 22). These patients had been treated 
with sulfonamide compounds and penicillin and 
their hearts presented healing vegetab'ons of the 
aortic valves. Such calcific emboli had caused 
typical foreign-body granulomata within the 
myocardium. It was emphasized that granula- 
tion tissue occurs at tlie base of the vegetation 
vvliile calcium is deposited at the periphery of 
the vegetation within the nccrodc masses. Obvi- 
ously such calcium particles can break off easily 
and may lodge in branches of coronary arteries, 
causing foreign-body granulomata. These find- 
ings were regarded as characteristic evidences of 
healing of subacute bacterial endocarditis. As 
has Iieen stated previously, calaficadon of vege- 
tadon also occurs and has been observed in un- 
treated instances of acute and subacute bacterial 
endocarditis. CuUinan and Baxter (1930) re- 
ported an instance of pneumococcal endocardids 
in which they stressed the great rapidity (23 
days) with which calcification took place in 
newly formed vegetadons. It is interesting that 
there were also calcareous emboli in the kidneys. 

COMPLICATIONS AND SEQUELAE OF .■VCUTE 
A.VD SUBACUTE BACTERIAL 
ENDOCARDITIS 

Tlie sequelae of acute and subacute bac- 
terial endocarditis may be grouped accord- 
ing to the occurrence of sepUcemia, emboh’sm 
to organs other than the heart, and embolism 
and other changes within the Iieart itself. The 
last will be discussed first. 

Mural Endocarditis. Mural endocarditis 
occurring as a complication of v’alvular endo- 
carditis has been discussed previously. Also 
the occurrence and mechanisms of erosive mij~ 
colic aneorysms have been described. Levy 
and Hull (1947) reported such an apparently 
true aneurysm which was healing, situated 
in the interventricular septum. It had per- 
forated into tlie right ventricle. 

Myocardial Changes in Bacterial Endocar- 
ditis. Various degenerative changes in the 
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Figure X-25. Aneurysm of aorlic cusp representing healed subacute 
bacterial endocarditis following treatment iviUi penicillin, in heart 
vnth old rheumatic aortic and mitral v'alvulitis. (WCGH, 50 P 62.) 


myocardium, resulting from the underlying 
acute infectious disease, have been described; 
among these are cloudy swelling and fatty 
degeneration. Grossly, the myocardium is al- 
most invariably softer tlian normal, its cut 
surface having a cooked appearance, and its 
architecture being obscured. In addition to 
these degenerative changes, one often ob- 
serves gray or yellow streaks in the myocar- 
dium, which are clearly seen through Ute 
intact endocardium. On section of the myo- 
cardium, there are also encountered occa- 
sional red foci of minute hetnorThag,cs and 
yellow areas surrounded by hemorrhagic 
zones. The gross appearance of the myocar- 
dium in these instances does not indicate the 
type of changes that may be encountered 
upon microscopic examination. In studying 
a series of hearts by means of multiple sec- 
tions cut from many blocks, it becomes ob- 
vious that there is practically no instance of 
acute bacterial endocarditis which does not 
show one or more of the various changes 
which will be discussed presently. Tabic X-11 
lists the pertinent changes encountered in the 
myocardium in 35 instances of subacute bac- 
terial endocarditis (Saphir, 1935). Petechial 
hemorrhages were found 6 times microscop- 
ically, ivcrc very recent and were in no way 


related to embolic phenomena. Circumscribed 
acute inflammatory changes with foci of ne- 
crosis and abscesses were found 15 times. 
Accumulations of polymorphonuclear leuko- 
cytes were usually present in perivascular 
areas and often extended into the interstitial 
tissue between the heart muscle fibers. Small 
foci of necrosis in individual muscle fibers 
were often rmted. The necrotic centers were 
infiltrated and surrounded by many poly- 
morphonuclear leukocytes, and here and there 
clumps of bacteria were present in tlie center 
of the necrosis. Outspoken abscesses \>ere 
usually located just beneath the i>ericardium 

TABLE X-11 

Summary of Microscopic M>ocariIijl Ch.iiigcs Foiiiicl 
in 35 Cases of Subacute Bactcn.'il EndocarOitis 

(Suphir, 1935) 


Type of Lesion Number of Cases 

Petccliial hemorrhages B 

Acute myocaniiU's 15 

Foci of necrosis and abscesses 15 

Minute infarcts 

Itcccnt 2 

Organized 28 

Healed 13 

Emboli 18 

Peiisascular, subacute and clirouic 

inflammation 1 1 

AsdioS bodies 14 

Fenvascutar flbnisis J5 
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Figure X*26. Small mjotanlial infarct in subanitc 
bjctcnal endocarditis. Note intcmiplion of muscle 
fibers by cellular scar tissue. Ikinatos>Im and cosin. 

X 173. 

and also beneath tlie endocardium of the left 
ventricle. These arc more common in acute 
than in subacute bacterial endocarditis. Aculc 
myocarditis was encountered 15 limes among 
the 33 instances. This myocarditis was diffuse 
and consisted of in61trations mainly of poly* 
morphonuclear leukocytes. 

Clawson (1928) found associated myocar- 
ditis in 24 per cent of his cases of cndocar* 
ditis lenta and in 24.5 per cent of his cases 
of acute bacterial endocarditis. Yet he cm* 
phasized tliat, while myocarditis is practically 
always associated Nvith rheumatic endocar- 
ditis, it seldom occurs in tlie bacterial form. 
Pericascular infiltrations were encountered in 
11 hearts, the predominating type of cell 
being the lymphocyte. Only occasionally a 
few plasma cells and endothelial leukocytes 
were abo found. Tliese infiltrations were well 
confined to the perivascular areas and did not 
extend into the adjacent parenchyma. Multi- 
nucleated cells or other cells resembling those 
seen in Aschoff bodies were not observed 
in these fields, and tlie cellular elements 
showed no particular arrangement. Perivas- 
cular areas of fibrosis were also often encoun- 
tered, in which occasionally a few inflamma- 
tory cells were present. These areas of 
perivascular fibrosis were obviously old scars, 
but whether the original lesion was an Aschoff 
body or a nonspecific perivascular infiltration 
could not be deteiminei In 14 instances, 
outspoken Aschoff bodies were encountered. 
The findings of Aschoff bodies, the character- 
istic myocardial nodules of acute rheumatic 


fever, and their relation to subacute bacterial 
endocarditis has been discussed previously. 
The most commonly encountered lesions were 
minute infarcts (Figure X-26). In subacute 
bacterial endocxirditis these infarcts arc often 
present in the organizing stage. 

Many spindle-shaped cells ucre found replac- 
ing heart imisele fibers. A few lymphocytes and 
occasiunj] polyinorphoimclear leukocytes uero 
scattered among these cells. Often plugocytic 
cells ttcre encountered, their cytoplasm filled 
with blood pigment. Often, loo, neuly fonned 
blood sessels were present in tlicsc lesions. Re- 
cent infarcts s^crc also occ.isionaUy cncuiintered, 
infiltrated and bordered by polymorphonuclear 
leukocytes and a few red blood cells. Seabury 
(1947) emplusizcd tlut recent or old myocardial 
infarcts or both \serc found in 25 per cent of Uie 
cases m which autopsies were perfonned. \\7iite 
(1031), in stating that cardiac infarcts are scry 
rare in subacute bacterial endocarditis, probably 
only referred to brge infarcts recognizable 
grossly. Sclilcsingcr and Reiner (1053) desenb- 
ed foci of myocytoly-sis which differed from 
minute infarcts in that the stroma was not in- 
volved. 

From tills desenption, it is clear tliat tlic myo- 
cardium may show varying changes. Tlie infarcts 
are easily explained by the presence of minute 
emboli (Figure X-27), obWousIy arising from 
the vegetations. Larger emboli, blocking the 
mouths of the coronary- arteries or the larger 
branches, are relatively infrequent. (In only one 
of the 35 instances reported by Sapliir I1935J 
could an embolus be demonstrated in a larger 
branch of the coronary artery.) Emboli in the 
small intni-myocardial branches (Figure X-27) 
obviously would be more commonly reported if 
one looked for tliem. Minute foci uf polymorpho- 
nuclear leukocytic infiltrations and minute ab- 
scesses are probably the result of Uic lodging of 
bacteria in the smallest branches of tlie coronary 
arteries. 

“Bracht-Wachtcr Bodies.” Throughout the 
literature, the term “Braclit-Wachter bodies” 
is often used, denoting ciraimscribcd inflam- 
matory lesions in the myocardium, character- 
istic of, but not specific for, subacute bacteria} 
endocarditis. It is remarkable tliat this term 
is so often applied, even by those not con- 
cerned with the microscopic study of such 
lesions, in spite of the fact that there is no 
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clear-cut entity which could possibly be as- 
signed such a term. Tlius, Perry (1936) stated 
that Bracht-Wachter bodies are cellular foci 
in the myocardium consisting, in early stages, 
of an almost equal number of polymorpho- 
nuclear leukocytes and lymphocytes. Libman 
and Friedberg (1948) emphasized that they 
replace the muscles and are not lesions of 
the interstitial tissue, while White ( 1951 ) de- 
scribed them as areas of mononuclear cell 
infiltrations of the interstitial tissue. The vari- 
ation in the description of the so-called “spe- 
cific lesions” of the myocardium in subacute 
bacterial endocarditis can easily be explained 
by the fact that Bracht and Wachter never 
described a single entity. Because of the 
existing misconception of what a Bracht- 
Wachter body is, it may be of interest to 
review their original study in more detail. 

Bracht and Wachter (1909) did not study 
hearts mth subacute bacterial endocarditis. 
Shortly after AschoS's discovery of the specific 
nodule in the myocardium in acute rheumatic 
endocarditis, they tried to determine if an Aschofif 
body could be produced experimentally in rab- 
bits. Blood cultures, taken from 2 hearts in 
which AschoS bodies had been found, disclosed 
diplo-streptococci resembling a Streptococcus of 
the Viridans group. These streptococci were in- 
jected into 2 rabbits. Into a third rabbit were 
then injected streptococci which had been ob- 
tained from the heart-blood of the original 2 rab- 
bits after their death. For control experiments, 
Bracht and Wachter used 3 rabbits. Two of these 
were given intravenous injections of streptococci 
obtained from a paronychia, and the third, strep- 
tococci isolated from infected tonsils. Thus, 
Bracht and Wachter used only 6 rabbits for ibcir 
experiments; 3 for the actual experiment and 3 
as controls. In 2 rabbits, following the intra- 
venous inj'ections of streptococci isolated from the 
blood of a patient witli aaile rheumatic endo- 
carditis, the myocardium disclosed small areas of 
necrosis, surrounded by lymphocytes and fibro- 
blasts, wath an occasional gi.int cell; cellular in- 
filtrations in the interstitial tissue, occasionally 
involving the heart muscle fibers; accumulations 
of lymphocytes and isolated plasma cells. The 
third rabbit was given an intra\enous injection of 
blood obtained from tlie hearts of the first 2 
rabbits, and was killed 16 days later; its myocar- 
dium shoued scars replacing muscle fibers and 


some calcification. In the myocardium of the 
3 control rabbits only areas of necrosis were 
found, surrounded by many polymorphonuclear 
leukocytes. No normal rabbits were used as con- 
trol animals. 

From this short review it should be clear 
that (1) Bracht and Wachter never studied 
the myocardium of subacute bacterial endo- 
carditis microscopically; and (2) in their 3 
experimental and 3 control rabbits, no single 
characteristic lesion was encountered in the 
myocardium. It is hard to understand how 
the term "Bracht-lVachter body” has been 
able to persist in the literature. It would, 
therefore, seem wise to discard this term and 
instead use descriptive terms for the various 
lesions encountered in the myocardium. 

Pericarditis. Pericarditis is rarely found 
associated with subacute bacterial endocar- 
ditis but is somewhat more frequent in acute 
bacterial endocarditis. In such instances there 
are usually small abscesses or infected in- 
farcts in the myocardium close to the peri- 
cardium, and the pericarditis is fibrinopuru- 
lent in nature. A fresh fibrinous pericarditis 
may be the result of a concomitant rheumatic 
infection, of uremia or of an intercurrent 
pneumonia, with acute plcuritis. A mycotic 
aneurysm may perforate into the pericardium, 
producing at first acute fibrmopurulent peri- 
carditis and, I.iter, liemopericardium (see 
page 697). Among 50 cases of subacute bac- 
terial endocarditis, Denman (1942) encoun- 
tered 13 with pericarditis. 



nary artery in stibacute b.ictcrial tndoc.inJilit. Iknu- 
(orylin and eosin. .\ 175. 
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Figure X*28. Focal necrosis of kidney glomerulus in 
subacute bactenal endocarditis. Hematoxybn and 
eosin. X 325. 


Embolism and Infarction. Gross embolism 
of the coronarj’ arteries is infrequent. How* 
efer, of ali emboli within the large branches of 
tlie coronary arteries or at their moutlis, the 
most commonly encountered are those arising 
from a vegetation of tlie aortic valve. Large 
emboli may cause unexpected death. Also, 
large vegetations of the aortic valve, soft 
enough so tliat they can be mo% ed easily by 
the blood stream \vithout breaking off, may 
suddenly impinge upon the moutli of one of 
tile coronary arteries. This is more likely to 
happen when there is also severe ulceration 
ith rupture of citlier the right or iefl aortic 
cusp. Multiple small emboli \vithin Uie small 
intramyocardial branches of tlie coronary’ ar- 
teries are evlremely common. These and tlie 
resulting minute infarcts, which have been 
regarded as the most characteristic single 
myocardud lesion, have just been discussed. 
Embolism and resulting infarcts are com- 
mon in tlie spleen, kidneys and the brain. 
If Uie spleen is the seat of an infarct, it may 
actually rupture. Kennedy and Seed (1947) 
collected 10 such instances from tlie litera- 
ture, and reported 1 additional observation. 
Rupture usually occurs in a spleen tliat is the 
seat of an infected infarct or of a frank ab- 
scess. Perisplenitis, the result of an infarct, 
is common. Although infarcts in the kidneys 
as well as in die spleen arc more likely to 
be infected in acute bacterial endocarditis 


and to be bland in subacute bacterial endo- 
carditis, it is not rare to find infected infarcts 
in tlie latter. Tlie incidence of infarction in 
the spleen, kidneys and brain in a series of 
44 cases of acute bacterial endocarditis and 
of 87 cases of subacute bacterial endocarditis 
as encountered by Buday, is given in Table 
X-12. 

TABLE X-12 

Incidence of Inlurctian in Bactenal Endocarditis 
(Buday, 1929) 

In Various 

No. of Organa 

Disease Cases Spleen Kidneys Brain Per Cent 

Acute bactenal not 

endocarditis 44 7 10 given 45 

Subacute bactenal 

endocarditis 87 2S 45 23 70 

Buday (1929) found infarcts in various organs 
in acute bacterial endocarditis in 45 per cent and 
in subacute bacterial endocarditis in 76 per cent. 
Among Denman’s 50 cases of subacute bacterial 
endocarditis, infarcts m the spleen were found 
27 times and in the kidneys 17 times. Emboli 
are also often found within the cerebral arteries 
and in the arteries of die extremities. In Buday’s 
series emboli were found 23 times in the intra- 
cranial arteries, as follows: internal carotid 
artery, once; middle cerebral arteries, 20 times; 
and basilar artery, twice. Intestines and lungs 
are not often involved. Mycotic embolic aneu- 
ry'sms are not unusual, all such aneurysms being 
erosive in nature (see page 715). Such an aneu- 
rysm may tn\al\’e any’ artery; tlie artery' may 
then rupture with resulting hemorrhage, the 
hemorrhage in some cases being fatal. Erosive 
aneurysms may also be the result of bacterial 
invasion directly from the blood stream wiUiout 
Uie intervention of an infected embolus. 

Firani (1943) stated that in subacute bacterial 
endocarditis the inflammatory process of the 
aortic, and rarely of the tricuspid and mitral 
valves, may extend into Uie subjacent myocar- 
dium of Uie interventricular septum, or into Uie 
membranous septum. In contrast to Uie occur- 
rence of this complication in acute bacterial 
eodocanbUs, lesions of this type in subacute bac- 
terial endocarditis according to Libman (1913), 
almost never cause ventricular perforation. How- 
ever, sucli an instanc-e was described by Levy 
and Hull (1947). Arteritis alone may' be caused 
by the circulating b.icteru. In subacute bacterial 
endocarditis, arteritis of minute arteries and in- 
flamnution of capJlaries, as Libman and Fried- 
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berg (1948) stated, are sometimes presumed to 
be toxic, or possibly allergic lesions, inasmuch as 
bacteria may be absent. 

Bernard and associates (1957) have leported 
rupture of the heart following infarction in sub- 
acute bacterial endocarditis. 

Various cutaneous lesiotis, such as the Osier 
nodes (see below), are now believed to 
be the result of inflammation of the walls 
of the small vessels, associated with endo- 
tlielial hyperplasia and obliteration of lumina. 
Focal glomerulonephritis (Lohlein’s nephri- 
tis) of focal embolic glomerulonephritis (Fig- 
ure X-2S), often referred to as “flea-bitten” 
kidney, is common in subacute bacterial en- 
docarditis. Baehr ( 1931 ) reported microscop- 
ically typical healed embolic glomerular 
lesions in the kidneys of 34 of 57 patients 
with subacute bacterial endocarditis in the 
bacteria-free stage of the disease. Bell (1932) 
found diffuse glomerulitis in 65 per cent of 
patients with subacute bacterial endocarditis, 
and embolic or focal glomerulitis in 53 per 
cent. He described 2 distinct types of em- 
bolic lesions, the fresh hyaline lesion, wliich 
is a capillary thrombus with necrosis of the 
capillaries resulting from the lodgement of 
bacteria, and the fibrous lesion which is 
characterized by a marked growth of the 
basement membrane of the capillaries. Bell 
found diffuse glomerulitis in acute primary 
bacterial endocarditis in 29 per cent and in 
secondary acute endocarditis in 33 per cent. 
Libman and Friedberg (1948) in quoting ob- 
servations by Baehr, stated that focal embolic 
glomerulonephritis is almost specific for sub- 
acute bacterial endocarditis. They also 
pointed out that the glomerular lesion is 
usually produced by emboli but it is probable 
that local vascular inflammation and closuie 
play a contributory, if not dominant, role in 
its production. The end result of such lesions 
is a characteristic wedge-shaped or pyramidal 
scar within tlie subcapsular sp.icc of the glo- 
merulus. 

Septicemia. Because of the underKing 
septicemia, changes which are usually found 
in uncomplicated septicemias arc also en- 
countered here. Tims, cloudy swelling and 
fatty changes of (he parenchymatous organs 


are common. Splenic liyperplasia, sometimes 
of severe degree (weight of spleen, up to 800 
Gm.), is always encountered. Because of 
the heart failure, which is not rare in subacute 
bacterial endocarditis, combinations of cloudy 
swelling, fatty degeneration or splenic hyper- 
plasia with morphologic evidence of passive 
hyperemia in these organs may be met Be- 
cause of the septicemia, encephalitis is not a 
rare complication; in Kimmelstiel’s (1928) ex- 
perience, encephalitis was more often encoun- 
tered tlian larger cerebral hemorrhages or 
enccphalomalacfa, as a result of emboli or 
embolic mycotic aneurysms. 

Among the skin lesions, pctechiae. Osier’s 
nodes and Janeway lesions are usually men- 
tioned. Petechiae are common. They may 
occur with or without white or yellow-whife 
centers. In the skin they may be absent, or 
few or nujuexous. Sometimes t])ey are seen 
best in tlie conjunctivae. Tlicy may be either 
the result of embolism (although bacteria are 
usually not found in these lesions), the result 
of local Inflammatory vascular lesions, or of 
a nonspecific proliferation of endothelial cells 
lining the capillaries. They are not pathog- 
nomonic of either acute or subacute bacterial 
endocarditis. 

Osier’s Nodes. Osier’s nodes are observed 
in about 50 per cent of cases of subacute 
bacterial endocarditis. They are small, raised, 
red lesions about the size of a pea. They 
occur commonly on the fingertips, under the 
nails, and on the soles of the feet, and more 
often on the upper than on the lower ex- 
tremities. These cutaneous nodes arc prob- 
ably, as mentioned before, tlie result of local, 
possibly toxic or allergic inflammatory 
changes in the wall of the blood \ cssels. These 
cuhninate in a proliferation of endothelial 
cells, with final occlusion of the lumina. Thus, 
the center of the node is often the scat of 
necrosis and is surrounded by a i^erivascular 
infiltration, mainly of polymorphonuclear Icu- 
kocj'tes. 

Janeway Lesions. Janeway (1899) gave the 
following description to (lie lesions which hear 
Ids name: “I ha\e noted numerous small hem- 
orrliagcs with .slight nuduLir diameter m the 
palms of tiic hands and in the solcji of the feet, 
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Figure X-29. Subacute bacterial endocarditis of aottjc 
>aKc, siiiicrimposcd on old endocarditis both of rheu- 
matic and s^iiluhtic t>pcs. Note s>piubtic aortibs, 
extension of bacterial vcgitatioos tu aorta, and fomia- 
tion of iii>xotic aneurysm involving a sinus of the 
aortic valve. ( WCCII, 40 A -112.) 

when possibly the anns and legs had but a 
scanty crop in malignant endocarditis; whereas 
this lias not been my experience with the proces- 
ses likely to be mist.iken for it” They are usually 
described as small, often liemorrbagic lesions, 
measuring 1 to 4 mm. in diameter, which may 
appear as macules or papules. 

Myocardial Failure. Although modern 
treatment with penicillin is relatively recent, 
there are a number of cases on record of pa- 
tients who ostensibly had been cured of bac- 
terial endocarditis, but subsequently died of 
myocardial failure. Tliis myocardial failure is 
explained by progressive healing of the in- 
Qammation of the valvular lesions with sub- 
sequent progressive disturbances in function. 

Tims, Ilovcnblalt and Luewc (1943) liclievcd 
that death in 2 of (heir patients w.as caused by 
cardiac failure iritidcnl to aortic valvular insuffi- 
ciency. Games and Tinsley (1940) concluded 
that their p,ilicnts died in cardiac failure whicli 
was pninanly Uic result of the extreme valvular 
damage. On llic otlier iund, ffifdciirand and 
Priest (1947) attributed the c.iusc of death in 


their patients to extensive myocardial lesions. 
Jones and associates (1047) also stated that 
cardiac damage caused by the infection is the 
cliief cause of failure. Ficse (1947) empliasized 
that cardiac failure is common in subacute bac- 
terial endocarditis. Eighty per cent of 40 un- 
treated patients had evidence of cardiac failure 
at autopsy. He stated that cardiac failure, after 
otherwise successful treatment, depends on vari- 
ous factors; the most important are the previous 
heart reserve, the size of tlie heart, tlie patients 
age, tlie type of cardiac lesion, and the height of 
tlie fever. 

In the older literature it was usually stated 
that patients with rheumatic endocarditis eventu- 
ally succumb to heart failure, while patients with 
subacute bacterial endocarditis die of the infec- 
tion. This statement is obviously not true. If the 
myocardium is studied carefully by means of 
many microscopic sections, it is remarkable how 
many changes one encounters. In a study of 40 
patients who died with subacute bacterial endo- 
carditis before the era of modem treatment, 
Buchbinder and Saphir (1939) found that 18 of 
these, or 45 per cent, clinically revealed evi- 
dences of heart failure and, at necropsy, severe 
chronic passive hyperemia. The frequency of 
heart failure, as eUcited clinically and as verified 
at autopsy, was 75 per cent. Since the infection 
is amenable to cure and since the acute and sub- 
acute valve lesions may heal, it seems evident 
that a patient who survives the infection may 
gradiully develop disturhoiices in function of the 
valves with resulting hypertrophy of the heart 
and, thus, subsequently succumb to heart failure. 
This b particularly so because of the severe wide- 
spread damage to the heart muscle, which had 
occurred in the more acute stages. It is easy to 
understand that die multiple small infarcts within 
the myocardium, which have been discussed be- 
fore, produce pcnnanenl damage to Uie myo- 
cardium. Necrotic muscle fibers in the he.irt 
do not regenerate, but are replaced by scar tissue. 
On the other lund, it is conceivable that the 
myxicardiU’s. particularly if it involves prindpally 
the interstitial tissue, may occasionally subside 
without permanently d.imagtng the heart Mod- 
em treatment is designed to combat the infection, 
but cannot possibly liave any effect upon the es- 
tabiished infarcts, since necrosis of muscle fillers 
and subsequent orgaiiiz.ition .md scar foniiation 
are irreversible processes. Thus, patients with 
subacute bacterial endocarditis despite treatment, 
may still have multiple small infarcts in their 
myocardium. Since infarcts arc usually sm.ill. 
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they may not present clinical evidence of myo- 
cardial damage. Likewise, an infection that 
consists principally of an intersbtial acute myo- 
carditis may remain clinically silent. However, 
if a patient with such a myocardial lesion should 
subsequently develop any disease, even if it be 
trivial, which produces an additional strain on 
the heart, and particularly if he should develop 
myocarditis or recurrence of the endocarditis with 
myocardial damage or coronary sclerosis, his 
myocardium may gradually fail. 

Causes of Death in Acute and Subacute 
Bacterial Endocarditis. Patients with bac- 
terial endocarditis may die as a result of se- 
vere septicemia. They may succumb as the 
result of embolic phenomena, particularly of 
emboli in the cerebral arteries with resulting 
encephalomalacia and cerebral hemorrhage. 
They may develop large coronary emboli. 
Mycotic aneurysms may develop and death 
may result from a rupture of the involved 
blood vessel. Complicating nephritis may 
cause death. If such a nephritis is of the so* 
called embolic type, patients usually do not 
show evidence of uremia. However, if the 
nepliritls is diffuse, death in uremia may 
ensue. 

Libman and Friedberg mentioned that deatli 
may be caused by a large vegetation acting like a 
ball-valve thrombus and occluding the orifice of a 
valve. Kidd (1935) mentioned unsuspected death 
in bacterial endocarditis as the result of myo- 
cardial aneur^’sm of the conduction system. Un- 
expected death was reported by Munck (19-16) 
in 18 patients with valvular disease; 1 patient 
had an acute and 2 patients, subacute bacterial 
endocarditis. Montz and Zamcheck (1846) also 
reported instances of unexpected death. 

Although little attention has been paid to 
morphologic and clinical evidence of myocar- 
dial damage, from the foregoing it is clear 
that a number of patients succumb from myo- 
cardial failure as a result of the following 
three conditions; (I) multiple infarcts of the 
heart, (2) acute myocarditis and (3) progres- 
sive valvular impairment 

BACTERIAL ENDOCARDITIS SUPERIMPOSED 
O.N pnE-E.XlSTlNC VALVULAR 
DEPORMITIES 

As has been stated before, bacterial endo- 


carditis may be engrafted upon valves which 
are deformed, as the result of an old endo- 
carditis (Figure X-29), of a congenital anom- 
aly or, in the case of the aortic valve, of 
syphilis. 

Bacterial Endocarditis Superimposed on 
Old Endocarditis. Such an old endocarditis 
is the result of a rheumatic endocarditis, or 
of a nonspecific endocarditis. The old inflam- 
mation might have produced either an in- 
sufficiency of the valve or a stenosis of its 
orifice. In the presence of severe stenosis of 
its orifice, the mitral valve is rarely the seat 
of subsequent bacterial endocarditis. Often 
so-called bicuspid aortic valves, usual})- the 
result of an old endocarditis, and calcareous 
aortic valves, may be the seat of bacterial 
endoc-irditis. Reference to tlie coincidental 
occurrence of recent and old endocarditis has 
been made previously. 

Koletsky (1943) reported that among 50 
hearts with bicuspid aortic valves, he found su- 
perimposed bacterial endocarditis in 8. In 4 the 
bacterial dise.-isc was acute and in 4 subacute. A 
careful histologic analysis disclosed that 7 of the 
bicuspid aortic valves were deformed as a result 
of acquired lesions, and only 1 was of congenital 
origin. He pointed out that every one of these 
hearts showed definite stigmata of rheumatic 
fever. 

Bacterial Endocarditis Superimposed on 
Congenital Heart Disease. Abbott (1926) 
emphasized that acute and subacute bacterial 
endocarditis were serious complications of 
cardiac anomalies. 

Of 555 htiarts with congenital anomalies, 98 
(17.6 per cent) presented .an endocarditis. Of 
these, 40 per cent were defects of the b.asc of 
the interventricular septum. Browm (1939) 
pointed out that the risk of infecti\e endocarditis 
is definitely greatest in the so-called cyanotic 
group of p.itients. He stated that the greatest 
frequency of infective endocarditis is found asso- 
ciated with p.itent ductus arteriosus and bicuspid 
aortic vahe. 

Vegetations do not necessarily develop just 
at the site of the anomalies but rather at the 
site of the intracardiac trauma (see page 
728). Tliis is particularly Ironic out in defects 
of the membranous portion of the intenen- 
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TABLE X-13 


Frequency of Bacterial Endocarditis in Various Congenital Anomalies,* in Patients Under and Over 
Two Years of Age (Gclfman and Levine, 1942) 


I 

Type of Defect \ 

Total 

Sumber of 
Patients, 
All Ages 

Number of 

Instances of 

Bacterial 1 

Eiulocanhtis Percentage 

Number of Number of 

Patients ocer Imtances of 

Tu-o Years Bacterial 

Old Endocarditis Percentage 

Interatrial septal defects 1 

179 

0 

0 1 

45 

0 

0 

Intcrvciitncuiar septal defects 1 

1&4 

17 

10.4 1 

i 31 

13 

41.9 

Patent ductus artenosus 

1 134 

4 

34) 

1 

4 

286 

Congenital bicuspid aortic valve 

63 

11 

17.4 

52 

11 

21.2 

Congenital pulmomc stenosis 

1 43 

8 

18.0 

1 17 

5 

29.4 

Coarctation of aorta 

1 “ 

1 

34) 

10 

1 

lO.O 

Congenital bicuspid pubnoiuc valve 

21 

0 

0 

9 

0 

0 

Congenital pulmonary atresia 

15 

0 

0 

2 

0 

0 

Cor tnloculare biatnatum 

13 

1 

7.7 

2 

1 

50.0 

Congciutal aortic stenosis 

11 

0 

0 

3 

0 

0 

Congenital tncuspid stenosis 

9 

0 

0 

1 

0 

0 

Congenital mitral stenosis 

7 

0 

0 

3 

0 

0 

Congenital subaortic stenosis 

2 

1 

50.0 

2 

1 

50.0 

.Maladte de Koger, uncomplioated 

44 

10 

22.7 

14 

S 

57.1 

Tetralogy of Fallot 

10 

- 

123 

7 

2 

28 6 


• No case was listed if the single defect was either ( I ) a patent foramen ovale in a pabent under one year of 
age unless it was 1 cm or more in diameter, and completely or partially undefended to allow true admisturo of 
venous and arterial blood, (2) a patent ductus artcnosiis before the first postnatal month, unless tlie patency 
was abnonnally wide; (3) an anomaly of die coronary artenes. the aorta or Its branchu, the pulmonary ar- 
tunes, or die great vdas, or (4) fenestration of the semilunar cusps. 


Iricular sepUun, in which condition the vege* 
tations arc located on the septal Ic'aflct of the 
tricuspid valve, since this leaflet is exposed 
to trauma by Uie blood stream flowing from 
the left to the right ventricle. 

Furlong (1941) listed Uic cardiac anomalies, 
according to the frequency of their involvement 
in bacterial endocarditis, as (1) bicuspid aortic 
v.ilves, (2) patent ductus artenosus, and (3) 
interventricular septal defects. W'ilh regard to the 
associated findings of acute bacterial endocarditis 
and bic-uspid aortic valve, it must be remcmbcrcil 
that a number of reported so-called congenital 
bicuspid aortic valves are nut "congenital’’ but 
are acqtiircvl, ic., of iiilbniinatory ungm (Ko- 
leUby. 1943). 

Cclfinan and Levine (1912) found, among 
31.U23 autopsies, 153 instances of congenital 
heart disease involving persons of all ago, 181 
of whom were over two years old. Bacterial 
endocarditis was superimixistxl on the conguiiital 
defect ,33 limes (0 0 jicr cent) in the whole 
group and 30 times (16.G (kt cent) in the group 
of patients who were over two years of age. 
Twenty-five of the 181 hearts with coiigeiitUl 
dtfiels vvcie fuithcr complicated by rheumatic 
infieliiii). Table .\,13 is taVen from Celfnuii ami 


and Levine’s arUclc, to show the type of congeni- 
tal anomaly involved by endocarditis. 

Among Abbott’s (1927*28) 200 recorded casc$ 
of coarctaiion of (he aorta, there were 14 with 
mycotic aiicribs and mycotic aneurysms. In Cclf- 
man and Levine’s series, no instance of acute 
endocarditis was found on interatrial septal de- 
fects. Abbott stated, in a communication to O. A. 
Abbott (1941), tliat she had encountered, among 
850 congenital intracardiac defects, only one 
instance of subacute bacterial endocarditis siipcr- 
iinposcd on a lower atrial defect Saphir (1933) 
found a recent verrucous (rheumatic) endocardi- 
tis at Uic margin of the foramen ovale on its right 
alrial surface. There was also present an acute 
verrucous endocarditis superiinpused on an old 
endocarditis of the mitral valve. Geiger and 
Anderson (1947) reportetl an imtance of an 
iiilcratrial septal defect and mitral stenosis, com- 
plicated by bacterial endocarditis. They also 
referred to 2 other cosc-s in the literature. 8u$s- 
man and Price (1952) encountered siiliactite bac- 
terid endocarditis alxuit a patent foramen ovale 
in an otherwise iioniial heart. It may Iw of inter- 
est to mciitiun here an instance of a {lustopcraUvc 
acute bactcri.ll endoemhtis (gram-positive diplo- 
L-occi) supcrimpowvl on a congenital interatrial 
septal defect in a dog (O. A. Ablwlt, I9-II). 
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More and more instances are appearing in the 
Uterature of cures of acute and subacute bacterial 
endocarditis (endarteritis) in which the baclenal 
lesion was supenmposed on a patent ductus arte- 
riosus. Cure is accomplished by surgical ligation 
of the ductus {Vesell and Kross, 1946, 2hegler, 
1946). The difficulties in deciding whether to 
operate concern the medical skill, not only in 
diagnosing the condition, but also in ruling out 
the simultaneous presence of acute endocarditis of 
one of the valves. A number of instances are on 
lecord in which the acute endocarditis or endar- 
teritis had involved, not only the region of the 
congenital anomaly, but also one or more valves 
(Furlong, 1944, Antenucci and Eckhardt, 1942). 

Bacterial Endocarditis Superimposed on 
Syphilitic Aortic Valve. Libinan in 1917 
discussed the infrequency with wliich sub- 
acute bacterial endocarditis attacks valves 
previously damaged by syphilis. Rosenberg 
(1940, consult for literature) in a critical 


analysis, stated that up to 1940 there were 
reported only 10 proved instances of bacterial 
endocarditis superimposed on syphilitic aortic 
valvular disease. 

WrigJit and Zeek (1940) reported 5 cases of 
bacterial endocarditis superniposed on syphilitic 
valvular disease. They definitely ruled out a con- 
genital anomaly or rheumatic type of valvulitis 
as the primary disease They also stated that tliey 
had encountered 7 additional instances of acute 
bacterial endocarditis associated with syphilitic 
aortitis but without syphilitic involvement of the 
aortic valve. It is of interest to mention here 
Forster's (1939) report of an instance of Salmo- 
nella suipestifer endocarditis superimposed upon 
a gumma of the myocardial wall. There was also 
a syphilitic aortitis, but the endocarditis had not 
involved the aortic valve. Kolelsky’s (1942) ob- 
servation of rheumatic stigmata in 4 hearts with 
combined syphilitic heart disease and acute bac- 
terial endocarditis has been mentioned previously. 


NONBACTERIAL (INDETERMINATE) ENDOCARDITIS 


Gross and Friedberg (1936) separated 
forms of endocarditis which they regarded as 
of nonbacterial origin. At least up to tlie 
present time, neither a bacterium nor any 
other infectious agent has been demonstrated 
to cause “nonbacterial thrombotic endocar- 
ditis” and "atypical verrucous endocarditis,” 
the so-called Libman-Sacks endocarditis. 

Nonbacterial Thrombotic Endocarditis 
Associated Condition. Nonbacterial throm- 
botic endocarditis has been known under the 
terms marantic endocarditis, terminal endocar- 
ditis, endocarditis simplex, and endocarditis 
minima. Gross and Friedberg (1936) empha- 
sized that the various types of nonbacterial 
thrombotic endocarditis cannot be distin- 
guished by the histologic appearance of the 
lesion. For tliis reason they classified 47 cases 
of nonbacterial tlirombotic endocarditis ac- 
cording to the association of the latter with 
some significant clinical or clinicopalhologic 
condition. Thirty-two of their 47 patients had 
cachectic and infectious diseases associated 
with chronically defonned r’alves, usually of 
rheumatic origin. Allen and Sirota (1944) 
reviewed the morphogenesis and significance 


of nonbacterial thrombotic endocarditis and 
termed this condition “degenerative verrucal 
endocardiosis.” They studied material in 50 
such instances. The cause of death and the 
age at death in these 50 cases are given in 
Table X-14. 



Figure X-30. .VoHlMclcrjal tlirombotic indocurditii. 
Note presence of fibrin \mUi few pol>inorplioiiuclejr 
leuloc>1es and binplioQtcs. H<.matoi>Un and eo-Jii. 
X23a. 
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TABLE X-14 

Cause of Dealh and Age at Death in 50 Unseleclcd 
Cases of Active ‘Terminal Endocarditis” 
(Allen and Sirota, 1944) 


A. Cause of Death 

N'umher of 
Cases 

Malignant neoplasm 

14 

Congestive heart failure 

10 

Major operation 

7 

Pneumoma 

4 

Acute or subacute glomeniloncplmlis 

2 

Pulmonary embolus 

2 

Acute suppurahve pyelonephritis 

2 

Congenital polyposis of gastrointestinal 
tract 

2 

Ulcerative colitis 

2 

Blood dyscrasia 

2 

Coronary occlusion 

1 

Periartentis nodosa 

1 

Congenital heart disease 

1 

B Age at Death 

I-IO 

1 

U-20 

7 

21-30 

2 

3M0 

5 

41-50 

8 

51-60 

11 

Above 60 years 

16 

Gross Features. Tlie most striking and 


characteristic macroscopic feature is the pres- 
ence of vegetations which are frequently 
somewhat larger than those associated with 
rheumatic endocarditis. The vegetations do 
not involve the mural endocardium or the 
pockets of the valves as do those in atypical 
verrucous endocarditis. The most common 
t>'pe of verrucous lesion is the so-called pyra- 
midal ridge. Tliis lesion consists of narrow 
discontinuous bands of yellow confluent de- 
posits, superimposed on and firmly attached 
to a ridge-like thickening at the line of clo- 
sure of a generally thickened valve. Fre- 
quently, irregular clusters of discrete or con- 
fluent, pinhead-sized yellow verrucae are 
superimposed on Uie ridge-like thickening, 
giving a coronal effect. Also, slightly larger, 
conglomerate lesions, pea-sized or even larger, 
are found. Tlie tendency to involve the com- 
missures of the mitral valve or of the aortic 
or pulmonic valves and, only rarely, the 
nodull arantii of tlie aortic valve, is cmplu- 
sized. Usually the mitral valve is involved. 

In Cross and Friedberg’s series, the mitral 
vnUc w.as invoKed in all cases but one; the 


aortic valve, 11 times; the tricuspid, 5 times; and 
the pulmonic, hvice. In Moore’s (1946) series, 
the aortic valve was the seat of the lesion 23 
times; the mitral valve, 98; the pulmonic, 4; and 
the tneuspid, 11 times. Often, previous valvular 
deformities were present which were usually in- 
terpreted as old rheumatic endocarditis. 

Microscopic Features. Microscopically, the 
vegetations consist of agglutinated blood 
platelet thrombi (Figure X-30), often with 
early evidence of organization. Along the 
edges of the vegetation, a lining endotheliuin 
is usually recognized. Gross and Friedberg 
(1936) stressed, as the most remarkable fea- 
ture, the paucity or absence of inflammatory 
cells. Only at tlie base of tlic verrucae is 
there usually a slight cellular proliferation 
with rare capillaries. Polymorphonuclear leu- 
kocytes are not present and rarely are lympho- 
cytes or plasma cells encountered. Neitlier 
tile atrial nor the ventricular endocardium is 
involved. Allen and Sirota (1944) believed 
that tlie valvular lesions are characteristically 
hillocks of degenerated, swollen valvular col- 
lagen. occasionally with an admixture of 
varied amounts of serum, fibrin, platelets and 
red blood cells, seemingly derived from per- 
meable or eroded blood vessels of tlie valves. 

Interpretation. It is interesting that Allen 
and Sirota did not regard tliese lesions as 
thrombi, but believed them to be primarily 
degenerative and not inflammatory in nature, 
and hence, avoided use of tlie affix “itis.” Also, 
tliey did not believe that these lesions arc 
necessarily terminal, In fact, tliey stated that 
excrescences of Lambl (see under Tumors) 
are axamples of such healed lesions. They 
also suggested that these lesions appear to 
be an attractive medium for ensnaring and 
propagating bacteria present in the general 
circulation, and thus constitute an important 
morphologic basis for the development of 
bacterial endocarditis. Nonbactcrial throm- 
botic endocarditis is often reported as an in- 
cidental postmortem finding in many diseases 
and is obviously without appreciable clinical 
significance. ^VluIe it does seem improbable 
that the verrucae themselves arc of rheumatic 
origin, this possibility should be Ixinie in 
mind. It is also possible that in some of these 
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instances the endocarditis might have been 
caused by some toxic agent. Friedbcrg and 
Gross (1936) particularly emphasized the 
occurrence of nonbacterial thrombotic endo- 
carditis associated with acute thrombocyto- 
penic purpura. 

The outstanding clinical findings in these 
patients were fever, purpura, epistaxis, bleed- 
ing of the gums, severe anemia, low blood 
platelet count, retarded clot retraction, a pro- 
longed bleeding time and a rapid downward 
course. In each instance the disease was clin- 
ically thought to be a general infection, even 
though blood cultures were sterile. At au- 
topsy the spleen was enlarged in all 3 of their 
reported cases. In 2 cases, there was organiz- 
ing pericarditis and in the third case, there 
were widespread vascular lesions. Singer and 
associates (1947), who reviewed 12 instances 
of thrombotic thrombocytopenic purpura, 
found endocarditis associated with this con- 
dition twice. 

Atypical Verrucous Endocarditis 
(Libman-Sacks) 

Libman and Sacks in 1924 described a 
valvular and mural endocarditis which they 
termed atypical verrucous endocarditis. There 
were peculiar valvular and mural lesions 
which differed in morphology and localiza- 
tion from those encountered in acute or sub- 
acute bacterial endocarditis and rheumatic 
endocarditis. Tliese vegetations were free 
from demonstrable microorganisms and at- 
tempts to grow bacteria from the blood 
proved unsuccessful. Because of the unusual 
character of the endocardial lesion and the 
presence of the verrucae, the cases were 
designated “atypical verrucous endocarditis.’’ 
Among their 4 cases the tricuspid and mitral 
valves were involved 4 times, the pulmonic 
and aortic each twice. The mural endocar- 
dium of the right atrium was involved twice, 
that of the right ventricle once, of the left 
atrium once, and of the left ventricle four 
times. The vegetations on the mitral valve 
were situated for the most part on tlie line 
of closure but extended generally below and 
above the latter and also involved the free 
margins. Tlie individual verrucae measured 


from 1 to 4 mm. in diameter and had, in 
places, a rather broad attachment to the 
valve. In each case the inflammatory process 
had spread from the ventricular aspect of the 
posterior leaflet of the mitral valve and the 
line of attachment of the latter, downward 
along the mural endocardium of the posterior 
will of the left ventricle. The lesions on the 
tricuspid valve were smaller than those af- 
fecting the mitral valve. Isolated areas of 
mural endocarditis were found quite com- 
monly. Microscopically, the vegetations were 
capped by blood platelet thrombi, showing 
various degrees of hyaline changes, and in 
places the vegetations were covered by endo- 
theb'um. Witliin the deeper layers, there were 
focal or diffuse cellular infiltrations, chiefly 
of round cells in three hearts, and predomi- 
nantly of polymorphonuclear leukocytes in 
the remaining heart. Scattered among the 
inflammatory foci were numerous small hem- 
orrhages. The valves in several instances 
showed diffuse fibrous thickening, similar to 
that resulting from previous attacks of endo- 
carditis, In the myocardium there were nei- 
ther Aschoff bodies nor any lesions similar to 
those encountered in either acute or subacute 
bacterial endocarditis. 

Gross (1940) reported the results of a study 
of 27 hearts showing nonrheumatic verrucous en- 
docarditis, 23 of which were from patients with 
disseminated acute lupus erythematosus. The 
valves of all of these hearts were studied regard- 
less of whether they showed gross endocardial 
lesions. On microscopic examination he found 
lesions in all of the 23 hearts. These were present 
particularly in tlie valve rings, valve leaflets, valve 
pockets, mural endocardium and pericardium. 
Among these 23 hearts, lesions were observed in 
the mitral ring 11 times; in the tricuspid, 12; in 
the pulmonic, 8; and in the aortic ring, -1 times. 
The gross and microscopic appearances of the 
lesions were similar to those described by Libman 
and Sacks. Cross emphasized that the \errucae 
occurred frequently, were generally widespread, 
and wTjrc often present in the pockets of attacli- 
ment of Uie chordae tendine.ie to the vabe, along 
die chordae thcmsclv cs, and on Uic chorda! attach- 
ments to die papillary muscle (“pocket lesion"). 
No gross ulcerations or perforations of the valves 
were found. .Microscopically, (he earh’e.st lesions 
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ed of cellular proliferations and degenera- 
banges on the surface of the \aKe. The 
rating cells sometimes appeared to be en- 
ial cells, but more often they were fibro- 
or large mononuclear cells, 
nphreys ( 1948) , also, stated that the cndo- 
I lesions sometimes were difficult to detect, 
hearts which she studied, the lesions had 
le almost completely organized. She stated 
hey may be far from obvious, if they are 
ad spread on the valvular surfaces or if 
are liidden beneath the cusps or in the 
r regions between the muscular trabeculae. 

ler lesions Libman and Sacks found, 
af their 4 cases, an organizing Bbrinous 
irditis. Tliey also reported the presence 
patients of diffuse glomeriilonephritis 
1 was aaite in one and subacute in the 


Baehrand associates (1933) described striking 
vascular lesions in the kidneys and other organs. 
Klemperer and associates (1941) particularly 
stressed the so-called “wire-loop” changes in the 
renal glomeruli. Libman and Sacks had already 
noted tliat 2 of their original 4 patients bad an 
eruption of the face, which resembled acute dis- 
seminated lupus erythematosus. Klemperer and 
associates studied 20 cases of lupus erythematosus 
and, interestingly enough, found this type of 
endocarditis in 12 (60 per cent). In 8 (40 per 
cent) these 20 cases, the lesions were recog- 
nized on gross exammation and in 4, only on 
microscopic examination. These authors empha- 
sized that dissemmated lupus erythematosus is 
founded, morphologically, on a well-defined series 
of alterations of the collagenous tissues, and that 
the alterabons also form the basis of the atypical 
\erTucous endocarditis. 


EXPERIMENTAL BACTERIAL ENDOCARDITIS 


spite many studies of experimental pro- 
on of bacterial endocarditis, principally 
e rabbit and dog, Hadfield and Garrod 
r) have remarked that little lias been 
d to our knowledge of the disease. 

e earlier literature is reviewed by Ribbert 
4). In the older expenments, the various 
s m the experimental animals were injured 
a probe, and streptococci or staphylococci 
injected intravenously. Orlli (1886) thought 
injury of the valves was the predisposing 
;nt. Later, Ribbert produced bactenal en- 
rdilis by tlie intravenous injection of staphy'- 
ci mixed with finely ground particles of 
o. Horder (1908-09) produced endocarditis 
bbits by intravenous injection of streptococci 
ned from a pabent with subacute bacterial 
carditis. Rosenow (1912) reported evperi- 
al endocarditis following injection of bac- 
tliat caused the disease. He attributed the 
carditis to embolism of the vessels of the 
?s. In regard to so-called elective localization 
leptococci, as postulated by some investiga- 
Karsner (1955) stated that there is no con- 
ing evidence that organisms have a spedal 
ity for Uie endocardium- MacXcal and asso- 
s (1939) produced endocarditis in 27 of 57 
lils by repeated large intravenous doses of 
itococci derived from patients with bacterial 
xarditis. Later MacXeal and a.ssociatcs 


(1943, 1944, 1945) in similar experiments, found 
cocci early, widely distributed in the superficial 
cells of the endocardium. Large v'egetations, 
most often on the mitral valve, were found in rab- 
bits surviving more than a few days. 

It is interesting that Kinsella and .Muether 
(1938) were unable to produce endocarditis in 
dogs by injecting streptococci. Only after tlie 
valves had been injured mechanically were they 
able to produce endocarditis by intravenous or 
oral administration of the organisms. Friedman 
and co-workers (1938) reported Uie production 
of infected vegetations on the leaflets of the car- 
diac valves in dogs, after the insertion into the 
cardiac cavity of a small, hollow bakelite capsule 
filled with blood agar culture of Sir. viridans. 
They encountered the vegetations in 4 of 13 
dogs. Loevve and associates (1946) also at- 
tempted to show that only a particular type of 
Str. viridans produces bacterial endocarditis 

Much attention has been focused on the 
preparatory injection of a substance thought 
to predispose tlie experimental animal to the 
development of endocarditis. Tlie preliminary 
injection of vaccine, casein, or other substance 
usually administered subcutaneously or intra- 
venously, is followed, after a varying period 
of time, by an intravenous injection of viru- 
lent bacteria (Thomson, 1933; Dietrich, 
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1937). (See also Pathogenesis of Rheumatic 
Disease, page 649.) 

Because of these experiments the research 
of Blahd and associates (1939) is particularly 
noteworthy. Following one or more injections 
of streptococci, isolated from tlie lung of a 
dog that died from pneumonia, these investi- 
gators observed bacterial endocarditis in 40 
per cent of 25 dogs which had not received 
any preparatory treatment, and in whiclr the 
heart valves were not previously injured. In 
fact, in 4 dogs endocarditis developed after 
a single intravenous injection. It was sug- 
gested that the use of a virulent strain, iso- 
lated from the same species, contributed to 
the positive results. From the literature in 


general, it would seem that several factors 
are involved in the development of endocar- 
ditis. However, the experiments of Blahd and 
associates indicate that the presence of mul- 
tiple factors is not essential, since virulent 
organisms alone may cause acute bacterial 
endocarditis in a previously healthy animal. 
Dick and Schwartz (1946) confirmed that 
bacterial endocarditis may be produced in 
dogs by a single injection of organisms with- 
out previous injury to the cardiac valves. Al- 
tliough it is clear from these references that 
acute bacterial endocarditis can be produced 
in various ways in the experimental animal, 
typical subacute bacterial endocarditis lias 
not been produced. 


SYPHILITIC LESIONS 


Syphilis of Aortic Valve 

If syphilitic aortitis occurs at the root of 
the aorta it may cause narrowing or closure 
of the mouth of one or both of the coronary 
arteries and, because of the involvement of 
the aortic valve or aortic ring area, insuffi- 
ciency of this valve. (See Syphilitic Aortitis, 
page 906.) 

Heller (1899) and Chiari (1904), in their 
classic descriptions of syphilitic aoititis, staled 
that the syphilitic process of the aoita may in- 
volve the aortic valve, causing insufficiency of 
this valve. However, it was not until 1920 that 
Liipu reported the results of a rather extensive 
microscopic study of the valve area. 

Gross Lesions. Few lesions are as charac- 
teristic grossly as syphilitic involvement of 
the aortic valve ( Figure X-31 ) . Normally, the 
free edges of adjacent aortic cusps are at- 
tached at points on the intima of the aorta, 
called commissures. In syphilis, the commis- 
sures are widened. Tliis separation of llie 
cusps at the commissures may involve an 
area 1 or 2 mm. or more in width. Com- 
monly hyaline plaques, often triangular in 
shape, arc present in the regions of the com- 
missures. Sucli a separation or widening of 
the commissures is pathognomonic of syplii- 


lis. It is obvious tliat the widening of the 
commissures must interfere wi'tJi the proper 
closure of the valve during diastole, and that 
such a valve must be insufficient. The loca- 
tion of the leak is within the region of the 
widened commissure. Often, too, the more 



Figure X-31. S>i>liiIiUo aortitis and aortic insuili- 
dcficy. Note lurruvvini; of ostium of ngltt coronary 
artcf}', s>plul<tic aortic valvulitis and separation of 
cusps at coaunissurcs, (WCGU, 45 A CCS.) 
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;ure X*32. Extreme widening of the conimu^urcs. 
s pointer is directed to the sinus of Valsalva cor- 
ponding to the posterior aortic cusp wiuch is al- 
st completely obliterated. Note marked separation 
the cusps at commissure between the postenor and 
tit aortic cusps. Hie interventricular septum pre- 
sents several diastolic endocardial pockets. 

ntrally located portions of die free margins 
the cusps show dtickenings, eversion, roll- 
5 or curling, and sometimes retraction. Tlie 
jacent aorta almost invariably is the scat 
the characteristic syphilitic lesions, witli 
ryisg Diimheis oS depr£‘s^eiJ scoj:^ 
inkles or grooves, combined vviUi varying 
grees of intimal fibrosis, foci of hyaliniza- 
m and calcification. Often, too, the root 
the aorta or certain regions of the ascend- 
g aorta show aneurysmal dilatations. The 
pudi of one or both coronary arteries is 
ten narrowed. Sometimes the syphilitic 
ocess is observed only in the pro.ximal seg- 
ent of the ascending aorta. 

Microscopic Changes. Saphir and Scott 
.927) studied an apparenUy very early case 
syphilitic aortitis, wdth involvement of the 
irtic valve. In this early instance, only 
idenmg and no hyalinization of tlie com- 
issures was encountered. From a liisto- 
gic study of this case and of 70 more ad- 
mced cases, they concluded that very early, 
ihesions occur between the intima of the 


sinus of Valsalva and the corresponding lat- 
eral and provimal portions of the aortic cusps, 
and tliat these adhesions cause separation of 
the commissures. Histologically, the intima 
of the structures of die sinus of Valsalva and 
the corresponding lateral portions of the 
cusps first showed degenerative and later, in- 
flammatory changes. Coincident widi the 
inflammation, a number of blood vessels ex- 
tended from the adventitia dirough the in- 
tiina to die involved commissures and lateral 
portions of die cusps. Newly formed vessels 
also extended from die base of the cusps to 
their lateral and proximal borders. Fibro- 
blasts, endothelial Icukocy’tcs and lymipho- 
cvtcs were the predominating types of cells. 
In later instances, hyalinization of die intima 
in die region of the commissures was often 
cncoimtercO. Histologic examination of die 
more central portions of die cusps, which 
grossly disclosed thickening and rolling, 
showed only fibrosis and hyalinization, with 
very few cellular elements and no newly 
formed blood vessels. Saphir and Scott be- 
lieved that dicsc areas of thickening in the 
center of the cusps were caused by the con- 
tinuous mechanical pressure of the regurgi- 
tating blood, after the insufficiency of the 
valve had been established. The centrally lo- 
cated margins of the cusps in early cases were 
neither thickened nor rolled. 

Pathogenesis. If it is true that widening 
of the commissures is primarily die result of 
adhesions between the lateral portions of the 
aortic cusps and the adjacent aortic intima 
of the sinus of Valsalva, one would ex'pect that 
the process sometimes would advance to die 
more central portions of the cusp and corre- 
sponding intima of the aortic wall of the sinus 
of Valsalva; that the adhesions would not 
necessarily be confined to the commissures 
but might extend toward die center of one 
or both adjacent cusps, with consequent ad- 
hesions between the cusps and die aortic in- 
tima of the corresponding sinus of Valsalva 
over a wide area. Such adhesions would lead 
to severe narrowing of the respective sinus 
of Valsalva, or perhaps even to obliteration 
of die sinus, or die transformation of the 
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sinus into a blood-filled cavity with resulting 
extreme regurgitation of the valve. 

Interesbngly enough, 2 such instances liave 
been encountered by Saphir and Stasney (1933). 
In 1 of these (Figure X-32), one sinus of Val- 
salva was actually transformed into a blind cavity 
and in the other, a part of the sinus had almost 
completely disappeared because of widespread 
adliesions between the aortic intima and large 
portions of the cusp. These authors found only 8 
similar cases in the literature. Particularly pertj- 
nent is one described by Rokitansky and reported 
by Maresch (1931). It was labelled, as translated 
from Latin by Maresch, as follows. "A dilated 
and hypertrophic heart with the large vessels 
from a 50-year-old woman. At the root of the 
dilated and thickened aorta, the right valve, be- 
cause of adhesions to the vessel, appears absent 
and the mouth of the coronary artery obliterated." 
Jason (1941), who also studied syphilitic defor- 
mity of the aortic valve in 27 hearts, did not 
emphasize differences of the central and lateral 
portions of the cusps. He concluded that all of 
the valve distortions appeared to have been 
caused by two processes: (a) a destructive in- 
fiammation of the aortic wall resulbng in destruc- 
tion and dislodgement of the attachments of the 
cusps at the commissures, and (b) a reparative 
fibrosis. However, it would seem difficult to ex- 
plain the extreme involvement of the aortic valve 
in syphilis, as related above, on tins basis. Just 
why there is a predilection of syphilis for the base 
of the aorta and the region of the commissure is 
difflcuft to explain. Sapiur and Scott (1027} be- 
lieved that this area of the aorta shows more vasa 
vasorum than any other region of the aorta. This 
IS in agreement with Spalleholz. Syphilis is a 
primary disease of the vasa vasorum and, theie- 
fore, has greater significance in areas containing a 
large number of vasa vasorum. It appears in the 
vast majority of cases that syphilitic valve lesions 
occur only witli involvement of this segment of 
the aorta. Spirochetes have been demonstrated 
in the aorbe valve involved by syphilis. SiU and 
Raskd (1935) reported the lesion in 2 adults, 
in 1 of whom numerous spirochetes could be 
demonstrated by Kanzler’s method. Only a few 
spirochetes were found in the heart of the second 
pabent. 

Gumma of Aortic Valve. Invasion of tlie 
heart valves by gummata is also described in 
tlie literature. Richter (1936) found in the 
literature only 8 adequately described in- 


stances of gummatous endocarditis of the 
aortic voice, resulting from invasion of the 
cusps by a syphilitic process in the root of 
tite aorta or from a gumma of tlie interven- 
tricular septum. He described an instance of 
gummatous endocarditis of die aortic valve 
in which the Treponema pallidum was dem- 
onstrated. In this instance, a congenital bi- 
cuspid aortic valve and subaortic stenosis also 
were present. 

Cases are on record of combined syphilitic 
and rheumatic aortic valvulitis (Figure X-28). 
Lisa and associates (1942) reported 9 such 
instances. 

Tliere are also many instances of syphilitic 
aortitis without separation of the commis- 
sures but with severe dilatation or "streteJt- 
mg" of the root of the aorta, including the 
sinus of Valsalva, with resulting insufficiency 
of the aortic valve. This stretching of the 
aortic ring is tlie result of the syplulitic 
process in the adventitia and media of the 
aorta itself. 

Patients with syphjbbc aorbe insufficiency and 
stenosis of the mouth of one coronary artery often 
succumb unexpectedly. Mardand (1930) found 
at autopsy that, in 101 cases of sudden death 
caused by syphilis of the aorta and heart, aortic 
regurgitabon was the predominating lesion in 36 
cases, and stenosis and atresia of the coronary 
osba in 15. 

Syphilitic Coronary Arteritis 

Histologic Changes at Mouth of Coronary 
Artery. Such changes have been studied by 
Burch and Winsor (1942). The adventitia of 
the coronary arteries showed an accumula- 
tion of small round cells, particularly about 
the vasa vasorum. The inflammation usually 
begins (hJoritz, 1931) about the vasa vasorum 
in the adventitia of the vessels and extends 
along the smaller vessels into the media and 
intima. The media becomes infiltrated with 
lymphocytes and small round cells, which re- 
place tlie healthy muscle and elastic tissue. 
Tlie intima is greatly tliickcned, as a result 
of the formation of succulent vascular inflam- 
matory plaques ivhicb occlude (he ostia of 
the coronary arteries in the regions wliere 
they pass through tlie aortic wall. Such exu- 
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dative, edematous lesions may encircle the 
aortic root, forming the so-called “girdle of 
Venus” (Leary, 1940). When the coronary 
ostia are involved, usually only the first 3 
mm. of the arter>' are affected, and beyond 
this point tlie \’essel is wider and remains 
patent tliroughout its entire length. 

Sypliilis of Mitral Valve. Syplulis of the 
mitral valve has been a much disputed sub- 
ject in the older literatme. Tlic fact that s>'ph- 
ilitic aortic insufficiency' may be present in a 
patient who also happened to have an old 
inflammatory lesion of the mitral valve with 
or without functional disturbances, does not 
at all imply tliat the mitral lesion is also 
syphilitic. 

On the contrary, it is probable that such a 
mitral lesion is invariably comcidental, (he result 
of a nonspecific infianunaUoa or of a rheumatic 
infection. 

Blackman (1935) stated that extensive syphil- 
itic lesions of the mitral valve have rarely been 
described. In the 2 hearts reported by Dtackmnn. 
syphilitic changes were continuous with syphilitic 
lesions at the root of the aorta and Uic aortic 
valves, and were present in the membranous sep- 
tum of the heart and die aortic leaf of (he mitral 
valve. Crossly, the lesions consisted of a diffuse 
leathery thickening of these areas. Microscopi- 


cally', gummatous necrosis or dense vascular scars 
with i)crivascular round cell infiltrations were 
found. It IS interesting that only the aortic leaflet 
of the mitral valve was involved. It must i>e 
emphasized that there are only two extremely 
rare possibilities for involvement of the initnil 
valve in syphilis. Either a gumma may be present 
in the mitral valve or the adjacent myocardium, 
with secondary extension into a leaflet, or the 
syphilitic process may extend from the base of 
the aortic valv’c downward to the aortic leaflet 
of tlie mitral valve. 

Such instances, however, arc so rare that 
it may he stated that syphilis practically 
never involves the mitral valve. 

Syphilis of Pulmonary' and Tricuspid 
Valves. Sypliilis may, extremely rarely, in- 
volve tlie pulmonary valve; such instances arc 
always associated with syphiUt/c pulmonary 
artcnlis. 

Plengc’s (1920) second cose showed involve- 
ment of the pulmonary valve. Another clcar-cut 
instance was reported by De N'avasquez (1942). 
There was a syphilitic pulmonary arteritis and the 
pulmonary valves disclosed typical widening of 
the commissures. Gummatous involvement of 
the pulmonary and tricuspid valves, in addition 
to tlie mitral valve, h.nve also been reported 
(Kichler. 1936). 


CONGENITAL (FETAL) VALV(IL.\R ENDOCARDITIS 


In the older literature there are a number 
of reports of so-called fetal endocarditis ( Fig- 
ure X-33). 

Ribbert (1924) maintained that such an endo- 
carditis could occur duruig the last month of 
gestaUon and only after the valves had been well 
formed. He thouglit that the occurrence of sutli a 
fetal endocarditis was rare. Though fetal endo- 
carditis, as characterized by the presence of a 
verrucous vegetative inflammation, lias never 
been observed, he asserted (hat it might be recog- 
nized in an end-stage by the presence of fibrous 
thickening in tlie valves. He emphasized great 
difficulties in interpreting older valvular lesions 
in infants, and that often one cannot dedde 
whether they are the result of an old endocarditis 
or of a congenital malformation. Ribbert pointed 
to the relatively frequent combination of so-called 
endocarditis and malformation of the heart. He 
stated that, either during the fetal penod or 


shortly after delivery, the mflnmniatory proc- 
esses were probably superimi>oscd upon a con- 
genitally malformed valve. Cappelli (1933) noted 
microscopic diangcs in many fetal hearts, which 
he interpreted as valvular endocarditis. However, 
P. Cross (1941) thought that the significance of 
these observations appears rather dubious in view 
of the frequency (76 per cent of 67 unselected 
cases) with vvluch these lesions were found. Cross 
stated that a careful analysis of Uie cases reported 
in the literature reveals that myocardial scars or 
myocaixlial fibrosis, prereiiuisites for the diag- 
nosis of fetal endocarditis, was noted in 78 per 
cent of the cases listed as fetal endocardibs. On 
the other Lind, these lesions have been tliought 
to represent non-inflammatory clianges. A num- 
ber of writers noted that the papillary' muscles 
show'ed the most marked lesions m “fetal car- 
diac inflammations.'' These observations may* be 
matched by reports of similar alterations which 
are regarded as non-inflammatory. V'alvular ex- 
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crescences, often termed vegetations, were noted 
in 11 of 53 cases designated as fetal endocarditis, 
and in 4 of 23 cases in which Uiis diagnosis was 
made m the material collected by Gross. 

In the few instances in which the valves 
were examined histologically, the excres- 
cences were described as composed of em- 
bryonic connective tissue. In not a single in- 
stance was there unequivocal evidence of 
inflammation. Thus, Gross concluded that the 
occurrence of fetal endocarditis has never 
been established. The macroscopic and micro- 
scopic abnormalities which have been re- 
garded as criteria for the diagnosis of fetal 
endocarditis, have been observed also in the 
presence of congenital cardiac defects and, 
after study, have been interpreted as non- 
inflammatory lesions. The valvular changes 
seen in these cases are better explained on 
the basis of a developmental defect, since 
they show no inflammatory residua. From 
examination of a large number of hearts with 
various congenital anomalies, and deformities 
of valves, we must also agree with Gross' find- 
ings. 'The red gelatinous material, simulating 
broad-based, smooth vegetations which is 
occasionally encountered in infants' hearts 
(Figure X-33), constitutes the remains of a 
myxomatous mesenchymal tissue and cannot 
be regarded as organizing vegetations. True 
residua of inflammation are never present. 

McDonald (1950) described valvular throm- 
botic vegetations in a ne\vborn. These were in- 
terpreted as bland thrombi which had formed on 
surface irregularities in the development of val- 
vular hematomas, or as a result of hypothetical 
rupture of blood cysts found on the cardiac v'alves 
of the newborn. The possibility was also sug- 
gested tliat this lesion may be identical with tlie 
exudative type of verruca found in degenerative 
veiTucal endocardiosis described by Alien and 
Sirota (see page 751). 

BoJimig .and Klein (1953) ex.amined the heart 


valves of 29 stillborn and newborn infants, and 
found glossy nodules in 5. Microscopically, they 
described a serous type of inflammation. They 
believed that serous endocarditis is common 
among malformations of the heart valves, but re- 
marked tliat these changes in the valvular appa- 
ratus occur in the absence of bacteria. 

White-pink, apparently edematous, nodules 
ill the region of the attachment of the chordae 
tendineae to the atrioventricular valves are 
occasionally found in children and are re- 
ferred to as iwduli albini. They consist of 
myxomatous material and may be regarded 
as remnants of portions of the original endo- 
cardial cushion. Tliey are of no clinical sig- 
nificance. 



Figure X-33. So-callwl coiigeiutal ciiilocanlitiv of 
pulmonic valve. Tins is not a true endocarditis, but 
the valves still show matinal constituting tlic original 
endocardial ciisJiion. 


PARIETAL ENDOCARDIAL FIBROSIS (SCLEROSIS) 

Coiigeiiitai Endocardial Fibroelastosis (FigureX-34) in infants’ hearts, with or vviili- 
Gross (1941) devoted considerable atten- Tbeso lesions had 

lion to opaque, glistening, svliite or yellow- '»=■■ dassilied as fetal inaamination by some 
white Ibiclcnings of the parietal endocardium bnesligators, and as dovclopmcnlal anom- 
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Figure X-34. Congenital fibroelastosis of left scntriclc m 18>montli>old boy. Heart 
weighed 133 Cm, compared to nontial aserage weight of 52 Cm. (Courtesy of Dr. 
Walter A. Str>kcr.) (WCGH, 58 P 06.) 


alies by others. He emphasized tliat diffuse 
endocardtitl fibrosis is dev'oid o( in£atninator>' 
residua and is best explained as simple hyper- 
plasia of the endocardial fibroelastic tissue. 
The decision as to tvbelher this is secondary 
to circulatory changes or is a primary de- 
velopmental defect is easier to mahe in those 
cases in which such endocardial sclerosis is 
found unassociated wth valvular defects. 
Sucli cases are to be found in the literature 
(see Gross). Thus, Gross classified these 
parietal endocardial changes, not as an in- 
flammatory lesion, but as a developmental 
defect. Sano and Anderson (1942), in dis- 
cussing endocardial flhrosis in infants, spoke 
of “endocardial hyperplasia" which they en- 
countered in 3 instances. They were im- 
pressed with the large amount of elastic or 
fibroelastic tissue within the while endocar- 
dium, as demonstrated by special stains. 

Weinberg and Himelfarb (1943) reported on 
two infant siblings, the heart of one having a 
diffuse gray-white thickened endocardium con- 
fined to the left vciitritle, while the heart of the 
other had additional tiny foci of endocardial 
thickenings in the right atrium and ventricle. The 


first infant also had a severely narrowed ascend- 
ing aorta proxima] to tlie obliterated ductus ar- 
teriosus. 

Microscopically, the thickening of the en- 
docardium was produced mainly by an in- 
crease of elastic fibers and partly by col- 
lagenous fibers. They applied the term fibro- 
elastosis (Figure X-35) to tliis lesion. The 
occurrence of fibroelastosis in siblings and 
the absence of a history of any infection in 
tile mother during the period of pregnancy 
militate against the concept of fetal endocar- 
ditis as an jntra-uterine infection, and support 
the suspicion of an inherent developmental 
defect. 

The most generally accepted term for this 
condition is fibroelastosis. Tliomas and asso- 
aates (1951) found among 10,000 autopsies, 
24 cases of chronic heart disease with hyper- 
trophy of uncertain cause. Twenty' of tliesc 
showed abnormal degrees of fibroelastosis. 
They remarked that in some instances of so- 
called congenital hypertrophy of the heart, 
the underlying disease probably vvas fibro- 
elastosis. 

Weinlierg and Himelfarb thought Uiat the 
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Figure X-35 Congenital fibroelastosis of left ven* 
tncle, from heart shown in Figure X-34. Verhoeff- 
van Gieson X 100. (WCGH, 58 P 1-15.) 


endocardial fibroelastosis can explain the fail- 
ure of the heart. They felt that with the de- 
velopment of such a thick fibroelastic layer, 
one could postulate some interference with 
emptying of the arterioluminal vessels into the 
ventricle, because of constriction of their 
orifices by the elastic tissue. Thus, with the 
establishment of obstruction to the flow of 
blood, partial stasis may develop within the 
intramyocardial capillaries. This leads to some 
degree of anoxemia and eventually to myo- 
cardial damage and myocardial failure. 

Cosgrove and Kaump (1940) studied endo- 
cardial sclerosis in infants and children. Almost 
all of their pabents showed evidence of congeni- 
tal anomalies. They particularly stressed that the 
microscopic appearance of the valve rings^ with 
the myxomatous stroma and absence of lym- 
phocytes and polymorphonuclear leukocytes, calls 
to mind congenital rests. Although myocardial 
lesions were present, they resembled tnfarcbons 
rather tlian inflammatory lesions. Tliis appear- 
ance, together with the relatively complete occlu- 
sion of the smaller arterial and venous channels, 
emphasizes the probability of the congenital na- 
ture of primary endocardial sclerosis. 

Craig (1949) desenbed congenital endocardial 
sclerosis in 37 instances of congenital heart disease. 
In the majonly of these cases, there was an asso- 


ciated malformaUon of tlie valiTS. It ivas noted 
that tliis lesion occurred more commonly in males 
than in females and was found much more often 
in the left ventricle than in the right \entncle. He 
discussed the various theories of causation of 
endocardial sclerosis and refuted all of them. It 
seemed most likely to him that both the valve 
lesions and the endocardial lesions were the re- 
sult of abnoimalities of development rather than 
of an infectious process. Myocardial degenera- 
tion and fibrosis were frequently present m the 
subendocardium. This was thought to be the 
result of anoxemia. 

Prior and Wyatt (1950) expressed the opinion 
that endocardial fibroelastosis may consb’tute a 
developmental disorder of mesenchymal tissue 
and hence may be classified with congenital car- 
diac malformations. They suggested the teim “en- 
docardial dysplasia” to replace “fetal endocar- 
ditis” and “endocardial fibroelastosis," both of 
which liave misleading connotations. Johnson 
(1952) found fibroelastosis in hearts which 
showed various congenital anomalies and sug- 
gested anoxia as a cause. Streseman (1955) re- 
ported the condition in 4 infants, and believed 
that a congenital metabolic disorder was the un- 
derlying cause. Thomas and associates (1954) 
concluded that endocardial fibroelastosis of in- 
fancy and chiJdliood occurs on a congenital basis. 
They staled that the disease rarely occurs in the 
.adult and that it is then also probably congenital, 
despite tbe lack of specificity of fibroelastosis and 
despite the time interval between birth and onset 
of symptoms. This may be true, inasmuch as the 
lesions in infants and in adults disclose no mor- 
phologic differences. 

In this connection, it may also be men- 
tioned that in certain instances of congenital 
anomalies of the heart, particularly in (hose 
which cause deviation in the direction of the 
normal flow of blood, there is often a diffuse 
thickening of the endocardium (Taussig and 
Semans, 1940). 

In summary, the white endocardial plaques 
in fibroelastosis of infants consist of both con- 
nective tissue and elastic lamellae, probably 
arc the result of developmental anomalies, 
and are not caused by inflammation. Clin- 
ically, the heart is large, niiiniiurs are alisent 
or nonspecific in nature, and cyanosis is usu- 
ally absent; the appearance of myocardial 
failure witli c>’anosis is l.itc. 

Fibroelastosis in Adolescents.' Evidence 
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Figure X>3(3. Endocardial fibrosis of nghi alrmrn and tricuspid valve, associated witli 
s>ndroinc of malignant carcinoid tumor The leaflets of die valve arc shortened and 
thickened and the chordae tendincae are sliortencd and fused (WCGH, 57 P 321.) 


that some patients with endocardial fibro- 
elastosis may survive beyond infancy was 
presented by Auld and Watson (1957) who 
reported several instances from the literature 
and observed fibroelastosis in a 15-ycar-old 
boy. He bad been well until about 2 years 
before death when be developed congestive 
heart failure. 

Fibroelastosis in Adults. Fibroelastosis has 
also been encountered in adults. Guraieb and 
Rigdon (1956) found only 24 cases in adults 
reported from America and England. He at- 
tributed the fibroelastosis in bis patient, a 
.‘JS-v ear-old while man, to a congcni^al mal- 
fonnatioii. 

The interesting condition, endocardial 
fibrosis ( fibroelastosis, cndom> ocardial fi- 
brosis. and endomyocardial necrosis) of 
adults in various parts of Africa, is little 
understood. Autopsies in Uganda (Williams 
ct al, 1954), performed on certain patients 


who died m heart failure, showed only endo- 
myocardial fibrosis. Sometimes the fibrosis 
was so extensive as to obliterate tlie apical 
portion of the heart. Davies and Ball (1953), 
from a study of 32 autopsied cases, concluded 
that endomyocardial fibrosis is one of the 
commonest causes of heart failure in Africans 
in Uganda. A similar condition was tliought 
to be prevalent in South Africa ( Becker et al., 
1953), but was later regarded as idcnlic.il 
willi endomyocardial necrosis encountered in 
East Africa. Tliomas and associates (1954) 
believed that endom>’ocardial fibrosis or per- 
haps belter, endomyocardial necrosis, occur- 
ring in East Africans, is different from the 
usual endocardial fibrosis or fibroelastosis. In 
endomyoc-ardial necTOsis there is principally 
a i>atcby endocardial thickening and, micro- 
scopically, destruction of the original endo- 
canliuin and adjacent myocardium with re- 
placement by vascular fibrous tissue. The 
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elastic fibers remain as broken, irregular 
masses, in contrast to the intact proliferating 
tissue in endocardial fibroelastosis. 

Fibrinoid degeneration and necrosis in the 
subendocardial regions have been described. 
This has sometimes been so severe that the 
term “collagenosis” has been used. Gray 
(1951) thought of an unrecognized parasite 
as a possible cause. O'Brien (1954) studied 
endocardial fibrosis in the Sudan. He believes 
that malnutrition, undernutrition, and syph- 
ilis do not play a causative role. Eosinophilia 
was present in only 2 of his 7 cases. He 
pointed out that the disease occurs com- 
monly in Africa among Negroes, Arabs and 
Europeans alike, and that the cause of the 
condition is still unknown. 

Acquired Fibrosis 

Diffuse Parietal Endocardial Fibrosis (Scle- 
rosis). In the diffuse variety of endocardial 
sclerosis, on opening tlie left ventricle, the 
endocardium presents a more or less diffuse 
white or ivory white appearance and, when 
incised, discloses a thickness of one or two 



Figure X-37A. Section from nght atnuni of heart 
shown m Figure X-36. A loose fibrocollagcnous Ussue 
appears to be superimposed upon intact endocardium, 
the thickness of the supeninposed tissue in areas being 
greater than the combined tliickncss of the undciljing 
;n>ocatdium and epicardium. Wrliocff-i’aa Cicson. 

X16. (Ween. 57 P 321.) 


millimeters. The endocardial thickening may 
involve also the papillary muscles. A number 
of causes are postulated for diffuse endocar- 
dial sclerosis, the predominating ideas con- 
sidering tliem to be the result of ( 1 ) primary 
lesions of the myocardium, (2) hypertension, 
(3) congenital anomalous origin of the coro- 
nary arteries, (4) inflammatory conditions, 
and (5) endocardial fibrosis associated with 
carcinoids. 

1. Endocardial thickening may be the re- 
sult of primanj lesions of the inijocardium. 
In many instances of large old infarcts of the 
myocardium, the overlying endocardium is 
while and thickened. Such thickening may 
extend over large areas and is not necessarily 
confined to the region of the infarct. Tliere 
are two explanations for this endocardial 
thickening. According to one explanation, as 
a result of the occurrence of infarcts, aseptic 



Figure X-37B. Highir magnification of subendo- 
cardial fibrous tissue shown in Figure X-37A. .Vote 
abundant pale ground-bubslancc, tiun clongatisi 
spindle (X'Us and general resemblance to m>’xoi)iatoiis 
tissue. fIcinaloT)'Jii» and tosin. X IW. (WCCfl, 
57 P 321.) 
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Ki^jure X*3S. Suction of a cii^p of pi>linonjr>' %jIvc> 
from hrart &lioun in Figure X--30 Tlic sinus (S) is 
almost obhtcralvU b}' Cbrnus hwie \\iucli conus tliu 
holding siiifiicu (H) of thu NaUc. Only scant fihro. 
collagenous tissue is present on the deformed sur. 
face (D) of die xahu. Vcrliocf!*\an Ciesoii. X25. 

mural eiulu&irditis develops and this undcr> 
goes healing and eventually forms white scar 
tissue. Tlic endocarditis currespands to the 
pericarditis observed in hearts with myocar. 
dial infarcts. Such a pericarditis is not neces- 
sarily circumscribed but may be diffuse. An- 
other e\planation for such an endocardial 
fibrosis is that it constitutes the end stage of 
organized mural thrombi wliich had been 
present adjacent to the infarcted area. Such 
endocardial thickenings, extending over larger 
ureas, :ac so significant that they should sug- 
gest the possible occurrence of old infarction. 
There arc no clastic lamellae in these lesions. 

2. A number of ca.\es are on record of 
diffuse endocardial sclerosis involving par- 
ticulorly the endocardium of the interventric- 
ular septum. Such instances are thought to 
l)c the result of a moried pcruianenf increase 
in the iijilolic arterial blooil pressure (see 
Uih!>crt, 102t). However, such a cause lus 
never Inxm provc“ti even (hough in Anicdaiul 
disturbances of the various valves, circum- 


scribed areas of Uiickening are often inter- 
preted as being the result of eitlier systolic 
or regurgitating diastolic blood currents and 
pressure (see page 767). Yet, there are cases 
of endocardial fibrosis on record, particularly 
in children, without associated valvular ab- 
normalities or clianges in the coronary ar- 
teries or myocardial lesions. Since this endo- 
cardial sclerosis is usually found in hyper- 
trophic hearts, hypertension has been sug- 
gested as its cause. 

Taussig and Remsen (1935), in tlieir report 
of essential hypertension of a 2-) car-old child, 
referred to the enJocartfiaf fiiu'ng of the left ven- 
tricle .IS “smooth but slightly thickened.'* Also, 
in one of Abbott's (1928) cases of coarctation of 
tlic .lorta, mention was made of an cndocaidium 
(lut had a thick “sugar-icing.'* 

3. Levine (1934) reported a uniformly and 
diffusely thickened and opaque endocardium 
in a 10-mont)i-old infant. Tlie heart was 
hypertrophic. Tlicrc was narrowing of the 
descending brand) of live left coronar>' ar- 
tery and coarctation of the aorta of the in- 
fantile type. No inOaminatury reaction was 
seen in the heart. *11)15 and other similar in- 
stances raise the question whether the endo- 
cardial fibrosis, in these cases, constitutes a 
congenital anomaly per sc, as discussed 
abovc^ or whether it is the result of the hyper- 
tension consequent to coarctation of the aorta. 
Endocardial thickening, u.sually associated 
with cardiac hypertrophy is almost invariably 
present in eases in which the left coronary 
artery arises fom the pulmoiuiy artery. Refer- 
ences to the pertinent literature up to 1932 
may be found in the c«n]munication by liland 
and assodales (1933). 

Similar c.ises have been observed by Tliomas 
and .usociates (1950); they suggested the possi- 
bility (hat some uiikiiowii agent caused liic eiido 
cardial fibrocLstosis and tbc calcific aiterial dis- 
ease which was also present In their cases. Soinff 
(1942) eneouiiterct! many dilatctl blood vessels 
tn tlic heart and intcrpretexl tliese ns a persist- 
ence of embryonic sinusoids, brought about by 
die lack of suiTiciciit aunstonvosis betweeu llwj 
right and Uio left coronary nrtenes. Bland and 
associates stated that die lack of adequate vas- 
cular supply to tlie myocardium seemed so severe 
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as to have caused not only myocardial fibrosis, 
but actually aneurysms of the heart. Subsequent 
case reports by Soloff (1942), Proescher and 
Baumann (1944) and Eidlow and Mackenzie 
(1946) described instances with hypertrophy of 
the heart, fibrous replacement of the myocardium 
and severe thickening of the endocardium of the 
left ventricle. 

4. Inflammation was thought to be the un- 
derlying cause of diffuse endocardial fibrosis 
as reported by Comeau (1937). Both of his 
cases had evidence of severe myocardial dam- 
age. In one particularly, there was diffuse 
and focal lymphocytic infiltration with giant 
cells and granuloma-like lesions. He empha- 
sized that in a group of cases of diffuse parie- 
tal endocardial sclerosis, a compensatory pro- 
tective change in the endocardium is second- 
ary to an organic subendocardial "weakness.” 
Such a mural endocarditis obviously is the 
result of an extension of a primary myocar- 
ditis to the adjacent mural (parietal) endo- 
cardium. The endocardial sclerosis is the final 
result of the mural endocarditis in these in- 
stances. 

LoiHer (1947) described "endocarditis pari- 
etalis fibroplastica,” in which the parietal endo- 
cardium of both ventricles is Uiickened but the 
valves are normal. This entity is often accom- 
panied by eosinophilia, particularly in its early 
stages. Because occasionally streptococci were 
cultured from the various organs (so-called dis- 
sociated streptococci), and because in one case 
Lohlein’s nephritis was encountered, Loffler be- 
lieved this disease to be somehow related to 
subacute bacterial endocarditis. Egger (1944) 
described a similar condition under the term 
“endocarditis obliterans” and linked it to endar- 
teritis obliterans (Buerger’s disease). In Egger’s 
case the associated clinical findings were severe 
dyspnea, cyanosis, enlargement of the liver, 
edema of the lower extremities, ascites and hy- 
drothorax. The differential leukocyte count dis- 
closed an eosinophilia of 15 per cent. Tlic mural 
endocardium of both the right and left ven- 
tricles was severely thickened and covered with 
thrombi. The lumen of the left ventricle was 
narrowed to the diameter of the lumen of the 
ascending aorta. The valvular apparatus was in- 
tact and the coronary arteries were unclumgcd. 
Microscopic evoinination disclosed subacute and 
chronic inflammation, with predominance of 


lymphocytes and plasma cells in both the endo- 
cardium and adjacent myocardium. Perivascular 
inBammatory cells were frequent and granulation 
tissue and young connective tissue were present. 
Despite a history of rheumatic fever, Egger 
thought that the inflammatory disease of the myo- 
cardium and the mural endocardium should be 
classified as allergic. Lennox (1948) reviewed 
the literature and gave data on 6 such instances. 
He described, in a 53-year-old woman who had 
eosinophilia and died of status asthmaticus, an 
extensive cellular infiltration of the endocardium 
of the left ventricle. He thought that a second- 
ary mural thrombosis followed by organization 
would exactly duplicate the end result of Loffler’s 
endocarditis. Popp and Zandanell (1955) re- 
ported an instance and reviewed the literature. 
Their patient also had an old valvular endocar- 
ditis, mural tlirombosis and fibrosis of the myo- 
cardium with inflammatory cells. In addition, the 
patient had syphilitic aortitis. 

5. Endocardial fibrosis associated with ma- 
lignant carcittcid tumor. Lembeck (1952) ob- 
served that argentnffine tumors (carcinoid) 
contain large amounts of serotonin (or enter- 
amine) which is apparently responsible for a 
clinical picture of intermittent cyanotic flush- 
ing, Buctuations of blood pressure, diarrhea, 
and “asthma.” At autopsy in a number of 
cases with intestinal argentaffine carcinoma 
with metastasis, endocardial fibrosis of the 
right side of the heart, of the pulmonic valve 
( Figures X-36 to 38 ) , and of the tricuspid valve 
have been reported. It may be surmised that 
this fibrosis is most likely caused by an excess 
of serotonin in tlie blood, since the lesions are 
usually not seen in the left side of the heart 
(Waldenstrom and Ljungberg, 1935). 

Tliis is explained by the observation that 
the lungs remov’e serotonin by ovidizing it to 
llic inactive S-hydroxyindoIe acetic acid. 
Only when there is a right-lo-Icft shunt may 
the endocardium and valves of the left side 
of the heart become involved, as was shown 
in the case with the patent foramen ovale re- 
ported by McKusick (1956). It appears that 
tlic endocardial cliange is caused primarily by 
the malignant argentaffine tumor having large 
metastatic growth, often in the liver. 

Histologically, the pulmonary' valve has 
fibrosis or even carlilage-Iike fibrous scarring, 
with or without gross deformity. .Mono- 
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Figure X«3d. Multiple tocabzed areas of eodocarclial bbrosis. Old endo- 
carditis of mitral and aortic valves. 


nuclear cells and lyrnyhocytcs may be noted 
near the endocardial surface. Often the right 
atrium also is involved. The cord.ae tendineae 
may be considerably thickened. Coble and 
associates (1936) emphasized sclerotic lltick* 
ening of the cusps, often with fusion of the 
commissures. In their case, there was almost 
no inflammatory reaction. Tlicy thought that 
the high concentration of serotonin in the 
blood of the right side of the heart may alter 
the endothelium by increasing cellular per- 
meability and allowing deposition of platelets 
on the valve cusps, with subsequent fibrosis. 

Up to 1953, 23 probable cases had been re- 
ported (Goble ct ah, 1956). 

Circumscribed Parietal Endocardial Fibro- 
sis (Sclerosis). Circumscribed fibrous thick- 
enings of the endocardium, so-called ctrettm- 
scribed endocardial sclerosis, is common 
(Figure X-39). It is usually present in the left 
ventricle and often involves the endocardium 
covering the interventricular septum, but is 
.vlso occasioually found in the right ventricle 
and in the left atrium. It is sometimes diffi- 
cult to decide whether such localized endo- 


cardial fibrosis is the result of a preceding 
primary in/lnmniotion, an underlying infarct 
(sec page 702), or abnormal blood currents 
and eddies in functional disturbances of the 
heart valves. Of particular interest are the 
latter. Areas of circumscribed endocardial 
fibrosis are often present in association with 
insufficiency of tlie aortic valve. In such cases, 
the thickened plaques may be found any- 
where in the left ventricle with the exception 
of llie posterior wall and of the apical por- 
tions of the lieart. Most commonly they are 
present on llie interventricular septum, and 
not rarely on the endocardium of tlic aortic 
leaflet of llie mitral V’alve and bridging over 
tile trabeculae canieac. Ilecause such a cir- 
cumscribed endocardial fibrosis so often ac- 
companies aortic insuflicicncy, Zahn (1893) 
thought that these simple endocardial thick- 
enings were produced hy (he continuous irri- 
tation of the impulses of the regurgitating 
blood. He also observed circumscribed endo- 
cardial sclerosis in the left atrium in instances 
of insuflicienc)' of the mitral valve. How'cvcr, 
odiers (Ziegler, 1903; Aschoff, 1919) empha- 
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sized that circumscribed endocardial fibrosis 
(sclerosis) is often primarily inflammatory in 
nature, representing the end stage of acute 
mural endocarditis. Tliis view is supported 
b>’ the frequent finding of circumscribed en- 
docardial fibrosis in hearts which are the seat 
of old inflammatory valvular conditions. Yet, 
it is well known that rheumatic endocarditis, 
which probably is the most common cause 
of valvular deformities, does not cause ven- 
tricular mural endocarditis. Besides, circum- 


smbed endocardial fibrosis is often seen in 
instances of syphilitic aortic insufficiency 
while syphilitic inflammation does not involve 
the mural endocardium. Thus, the genesis of 
circumscribed endocardial fibrosis, at least in 
these instances, cannot be primarily inflam- 
matory, In histologic studies of such circum- 
scribed endocardial fibrosis, rarely will one 
encounter inflammatory changes ( Saphir, 
1930). The histologic changes will be dis- 
cussed below. 


ENDOCARDIAL POCKETS 


Endocardial pockets, imitating the sliape 
of valve cusps, are a striking finding in some 
cases of insufficiency of the aortic valve. They 
are most commonly situated on the intervene 
tricular septum of the left ventricle and are 
referred to in the older literature as Zahns 
(1895) or Schmincke’s (1908) pockets. They 
are often multiple with their openings di- 
rected toward the aorta. More rarely, pockets 
are observed just beneath the aortic valve 
with their openings directed toward the apex 
of the heart. In such instances there is also 
stenosis of the orifice of the aortic valve or an 
actual or relative narrowing of the aortic 
conus. Much rarer are endocardial pockets in 
the left atriutn; here the openings are usually 
directed toward the mitral valve which in- 
variably is insufficient. Tliough endocardial 
pockets are not rare, they liave received little 
attention. In the field of pathology, fe>v ana- 
tomic structures are so characteristic as to 
indicate a definite functional disturbance. The 
relevant literature is given by Saphir (1930). 
These lesions arise principally as circum- 
scribed endocardial thickenings, before they 
become fully established as pockets. While 
it is possible that some endocardial Uiicken- 
ings are the result of a circumscribed primary 
mural endocarditis, it seems much more likely 
that the primary endocardial fibrosis is the 
result of an abnormal regurgitating column 
of blood or perhaps pressure, willi the for- 
mation of eddies. In stenosis of the aortic 
orifice or of the conus of the left ventricle, it 
is possible that the friction of the systolic 
blood stream and pressure produces me- 


chanical irritation of an area situated at the 
entrance into the stenosed region. (The conus 
aorticus, often called conus arteriosus sinister, 
is the most cephalic portion of the left ven- 
tricle located just inferior to the aortic valve; 
Krasso, 1925.) 

Diastolic Pockets. In insufficiency of the 
aortic valve, the continuous impact of the re- 
gurgitating diastolic column of blood exerted 
upon a localized area of young connective 
tissue may well undermine this tissue and 
produce a pocket with its opening directed 
toward the aortic valve (Figure X-40). Ing- 
ham and Henthorne (1938) stated that, for 



Figure X-40. GrtiJjJiscnbt’iJ tijdoojrtlidJ l)jkJ>rn»nx' 
ami diastolic iwcVct duractcrtstic of iiisufliLiciic)' of 
aortic valve. 
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Figure X-41. Atrial pocket facing open foramen 
ovale. 


want of a fuller e.xplanation of the cause of 
these lesions, tlie theory of mecliauical irrita* 
tion of the endocardium caused by abnormal 
blood currents is accepted as the most logical. 
Krasso (1925) named such pockets diastolic 
pockets. Diastolic pockets are found more 
often in hearts with sypliilitic aortic insuiB* 
ciency than in hearts with insufRciency of the 
aortic valve from otlier causes. Because the 
insufHcienc>' of tliis valve resulting from syph- 
ilis is brought about by the separation of the 
cusps at the commissures, the patli of the re- 
gurgitating blood is narrow and seemingly 
more rigid (Kaewel, 1923) than in the insuffi- 
ciency which results from retraction of the 
cusps. In some instances Only one or two 
pockets are found; in otliers, actually rosvs of 
3 or 4, sometimes at different lev’els. This majr 
indicate a gradual increase in the degree of 
insufficiency. Saphir emphasized that the 
presence of diastolic pockets on the interven- 
tricular septum of the left ventricle is pathog- 
nomonic of insufficiency of the aortic valve. 

Systolic Pockets. Sometimes pockets are 
found on the inter\entriailar septum, their 
openings directed ton'ards tlie apex. Xrasso 
(1929) called such pockets si/stolic pockets. 
It seems that the continuous pressure exerted 
upon the entrance of a slenosed aortic conus. 


or upon the mural endocardium just below a 
stenosed aortic valve orifice, may undemaine 
a localized area of early fibrosis and produce 
a systolic pocket. In Saphir s (1930) series, 
systolic pockets were encountered more often 
in instances of relative stenosis of the aortic 
conus in hypertrophied and dilated hearts. 
Systolic pockets are also found in the left 
atrium above the mitral valve, in association 
with insufficiency of this valve. The opening 
of die pockets is directed towards the mitral 
valve. Atrial pockets are much rarer than ven- 
tricular pockets. 

HeUerstein (1947) concluded that prolonged 
regurgitation of blood and the resulting pressure 
are the most significant factors in the dex'elop- 
ment of these endocardial pockets. 

Microscopicalltj, Ingham and Henthorne 
(1938) found llie cusps of these pockets or 
pseudovalves to be composed of die loose 
form of adult connective tissue peculiar to 
normal heart valves. Tlie - subendocardial 
elastic tissue was split to form lamellae on 
bodi die inner and outer surfaces of the 
pseudovalve and also provided a fine elastic 
meshwork for die connective tissue structure. 
Tliere was no evidence of inflammatory re- 
action at the base of this pocket. A definite 
hyaline Uiickening of the endocardium was 
found close to it. They emphasized that the 
pseudovalve or pocket had every appearance 
of a normal young heart valve. HeUerstein 
(1947) also described reduplication of the 
elastic fibers above and below the pockets 
and extension of the clastic lamellae from 
die endocardium into the pockets. He, too, 
remarked on die absence of any vestiges of 
inflammation. Saphir, however, in a few 
pockets demonstrated blood vessels and re- 
sidua of inflammation. 

Signi/iconce. Thus, it would seem that the 
presence of pockets materially aids in tlie 
diagnosis eitlicr of insufficiency of a x'aixe or 
of stenosis of a valve orifice or aortic conus. 
Tlie original young connective tissue forma- 
tion is seldom primarily the result of a mu/al 
endocarditis, but mucli more often the result 
of mcclianical irritation. Once circumscribed 
young connective tissue is formed, continu- 
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ous pressure and mechanical irritation will 
cause a secondary excavation and tlie forma- 
tion of a pocket or pseudovalve. Depending 
upon the direction of the irritating blood col- 
umn and mechanical trauma, the pocket xvill 
show an opening directed either toward the 
valve or away from it. 

Wilke (1910) and also Borst (1919) stated that 
such pockets are manifestations of functional 
adaptation. Functional adaptation, however, im- 
plies that the part involved adapts itself to new 
functional demands and actually fulfills the func- 
tions demanded. These endocardial pockets only 


resemble pockets of the aortic valve. Even though 
diey are brought about by the force of the blood 
stream and are often multiple, they can have no 
function (Karsner, 1955) because they are small, 
and hold only an insignificant amount of blood. 
To fulfill a function, it would be necessary that 
many be present, that the)' be large and close 
enough to each other to allow their cusps to 
touch, during diastole, as aortic cusps do. This, of 
course, holds only for diastolic pockets in aoitic 
insufficiency. 

Systolic pockets cannot possibly be inter- 
preted as having any function whatever. 


SUBAORTIC STENOSIS 


There is perhaps a relationship between 
endocardial sclerosis, systolic pockets found 
on the endocardium of tlie interventricular 
septum just beneath the aortic valve, and the 
so-called "subaortic stenosis” of the left ven- 
tricle (Figure X-42). Some reviewers (see 
Giuenwald, 1947) of cardiac malformations 
mention the occurrence of subaortic stenosis 
in the outflow tract of the left ventricle and 
classify it as a congenital abnormality ("con- 
genital subaortic stenosis”). While it is true 
that subaortic stenosis has repeatedly been 
found in association with malformations of 
the heart, this is not tlie rule and did not hold 
/or d jueJj instances dcscrihed by Gcnenn'a)d. 
In subaortic stenosis the endocardium cover- 
ing the aortic outflow tract, at a varying dis- 
tance below the valve, is diffusely thickened 
and gray-white. Tlie tliickening is often semi- 
circular and projects into the ventricular cav- 
ity, causing stenosis of tlie aortic outflow 
tract. Frequently (and in all instances re- 
ported by Gruenwald), the lower border of 
the thickened endocardium is more or less 
sharply defined and partly undennined, form- 
ing one or several pockets witli openings di- 
rected toward the apex (systolic pockets). 

Gruenwald concluded that subaortic stenosis 
may constitute a primary maldevelopmciit and 
may be the result of a fetal inilammation (see 
page 758) with subsequent congenital abnormal- 
ity, or may have a postnatal origin. With regard 
to a primary maldevelopment, no compelling em- 
bryologic explanation of sucli a malformation has 


yet been given, though Keith thought it might 
represent a remnant of the bulbus cordis. With 
regard to possible fetal inflammation, it wd) be 



Figure X-42. Subaortic stenosis. Note fibrous of 
endocardium bcnratli patent intmentricuLi sciitimi 
of pars mcinbranac'ca. uiUi systolic pocLils. 
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recalled that Gross (1941) presented sufBdent 
evidence to refute congenital inflammation as the 
cause of endocardial fibrosis. 

Many instances of reported subaortic ste- 
nosis are associated with lesions in the aortic 
valve, causing stenosis of its orifice, or hyper- 
trophy and dilatation of tlie heart from other 
causes, which may lead to a relative stenosis 
of tlie aortic conus. Two of Gruemvalds 
hearts disclosed obvious stenosis of the aortic 
orifice (rheumatic); another heart, "slight 
fusion of two cusps of the aortic valve.” If 
there is fusion of two cusps, the cucumference 
of the valve orifice must be narrowed and 
stenosis is present. Another heart had “ar- 
teriosclerosis" of the aortic valve with calcific 
plaques, and still another was "se\’erely hyper- 
trophic and dilated.” Thus, it is clear that 
some hearts witli subaortic stenosis also show 
lesions which may give rise to circumscribed 
endocardial fibrosis (sclerosis), with subse- 
quent formation of systolic endocardial 


pockets. In all of Gruenw’ald’s 6 patients, the 
heart showed, not only subaortic stenosis, i.e., 
annular or arched circumscribed endocardial 
sclerosis, but also systolic pockets. Thus, it 
would seem at least possible, if not probable, 
that subaortic stenosis is an exaggerated, cir- 
cumscribed, endocardial sclerosis, caused 
either by meclianical trauma (Sternberg, 
1930) or, rarely, by mural inflammation with 
secondary formation of systolic pockets. It 
should not alwaj's be classed with congenital 
malformations of the heart. On tlie otlier hand, 
it is conceivable tliat certain malformations, 
such as bicuspid aortic valve and coarctation 
of the aorta (Enzer, 1927), may provoke a 
functional abnormality or stenosis of the 
aortic conus which, in turn, causes subaortic 
circumscribed endocardial fibrosis (stenosis) 
with secondar>’ formation of systolic pockets. 
So-called subaortic stenosis may also be com- 
pUcated by what lias been interpreted as sub- 
acute bacterial endocarditis or by acute bac- 
terial endocarditis (Walsh et al, 1943). 
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DIAGNOSIS OF MYOCARpmS 

F ormerly when myocardial fibrosis, the 
result of coronary artery disease, was not 
distinguished from primary inflammatory dis- 
ease of the myocardium, “chronic myocar- 
ditis” NVRS diagnosed often and. was au ac- 
cepted cause of death on official death 
certificates. After the morphologlists Jiad 
convinced the clinicians of the advisability 
of limiting this term to conditions showing 
evidence of true primary inflammation of the 
myocardium, myocarditis became a rare diag- 
nosis. Because of renewed interest in the 
myocardium in a number of infectious dis- 
eases and careful morphologic studies of the 
myocardium, the patliologist now recognizes 
that true myocarditis is not a rare disease; 
that it may develop in most bacterial and 
many virus diseases; that occasionally it may 
appear as a special, perhaps primary, disease 


entity; and that it may cause death. In (he 
light of these anatomic studies, the clinical 
diagnosis of myocarditis is now being made 
with increasing frequency. 

In this chapter, myocarditis in general will 
be discussed principally from an eliologic 
point of viexv. For a review of the older litera- 
ture, consult Monckeberg (1924) and Kirch 
(1927). 

Incidence. Few references arc available 
regarding the incidence of myocarditis. 

Marcuse (1947) reported 36 instances of non- 
spectfle myocarditis among 3S00 autopsies. The 
diagnosis was based on the microscopic cvamina- 
Uon of routine sections, and on the aserage, only 
2 blocks were cut in each c.ise. He excluded 
rheumatic heart disease, bacteria! endocarditis, 
acute pericarditis, p>emic abscesses in the in>o- 
cardium. specific gramilonus and specific infec- 
tions tliat arc knouTi to came inyucardial lesions. 
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such as diphtheria and scarlet fe\’er. Brow’n and 
Hunt (1940) found acute myocarditis micro- 
scopically in 58 hearts from 623 routine consecu- 
tive autopsies. Albert (1938) studied the hearts 
of 113 cluldren with various acute infectious 
diseases and noted myocarditis in 46. At Michael 
Reese Hospital, among 5626 autopsies from 
which routine histologic sections were e.xamincd 
(Saphir, 1942a), myocardibs was found 240 
times (4.3 per cent). Among 1000 other con- 
secutive autopsies at the same institution, when 
more than the usual number of blocks (about 23) 
were taken from each heart for microscopic sec- 
tion (unpublished study), myocarditis was ob- 
served 90 times (9.0 per cent). A total of 1402 
cases of myocarditis was reported from the Armed 
Forces Institute of Patliology by Core and Saphir 
(1948). As Moritz and Zamcheck (1946) stated, 
the total number of autopsies recorded at the 
Armed Forces Institute of Pathology between 
January, 1942 and January, 1946, when practi- 
cally all of these 1402 coses were observed, 
amounted to more tlian 40,000. Of Uie 1402 
hearts, 130 had rheumatic disease, while more 
than 90 per cent were nonrhcumatic. 

Table X-15, taken from Gore and Saphir, 
indicates the frequency of myocarditis in as- 
sociation with various diseases and clinical 
conditions. 

Blankenhom and Call (1956) found 108 cases 
of "myocarditis" among 3141 autopsies (3.4 per 
cent). However, in 31 of these 108 cases the 
diagnosis was "myocardosis.” This term is now 
used more often than formerly (Wuhrmann, 
1950) to denote degenerative lesions of the myo- 
cardial fibers rather than true inflammation. It 
is usually tliought that clinically myocardosis can- 
not be disbnguished from myocarditis. The sufiiv, 
osts, indicates either “a state oF’ or "increase )n 
produebon” (Jaeger, 1950). However, because 
the latter meaning is so often employed, vve do 
not recommend use of the suffix, osis, to denote 
degenerative clianges. 

Age Distribution. Among the 90 instances 
of myocarditis mentioned above, which were 
found in 1(X30 consecutive autopsies, only 
eight were associated with endocarditis. The 
age distribution was as follow's: 

Number of 

AgeinYears Cates 

Less fiian 1 3 

I-IO 12 

11-20 3 


21-30 8 

31-40 11 

41-50 12 

51-60 10 

61-70 20 

71-80 8 

81-90 3 


It is interesting that 31 instances were encoun- 
tered in the age group from 61 to 90 years, an age 
period in which myocardial changes resulting 
from vascular disease arc extremely common. 
There were 47 males and 43 females. Among Mar- 
cuse's (1947) 36 pab’ents, 26 were males (72 
per cent) and 10 females; the percentage of 
mates in his entire autopsy material of 3800 
cases -was 65, The ages ef Vhese patients ranged 
from 1 montli to 80 years. Twenty-two patients 
were below iJie age of 40, and 8 of these were 
less than 15 years old. 

Unexpected Death from Myocarditis. 
There are a number of communications on 
record stressing unc.xpcclcd deatlis from myo- 
carditis. 

Wuhrmann (1939), m his monograph, com- 
mented on unexpected deatlis in patients vvitli 
myocarditis. Among GO patients studied by 
Saphir and co-workers (1944) 9 had died unex- 
pectedly. Single instances of unexpected dcatli 
have been reported by Helwig and Wllhelmy 
(1939), Coulter and Marcuse (1944), and many 
others. Montz and Zamcheck (1946) reported 
death from acute heart failure in M soldiers with 
acute and subacute (isolated) myocarditis; 10 of 
the 14 died within a few minutes after an un- 
expected symcopal attack. Glalthaar (1948) ex- 
pressed the behef that foci of inflammation 
around vital branches of the coronary arteries or 
williin the conduction system may be responsible 
for cardiac symptoms as well as for electrocardio- 
graphic changes and occasionally also for sudden 
death. Boemke (1948) found Uiat, among 1816 
German soldiers who died suddenly in World 
War II, myocarditis was responsible in about 
5 per cent. 

CLASSIFICATION^ 

Brown and Hunt (1940) classifled myo- 
carditis as acute, syphilitic and tuberculous. 
Acute myocarditis was subdivided into non- 
specific and rheumatic types. 

Marshall (1942) classified infective myocardial 
disease into (1) specific myocardibs (rheumatic 
fever, tuberculosis, gumma); (2) nonspecific. 



TABLE X-JS 

Associated Disease or Clinical Condition in 1042 Cases of Myocarditis 
(From Gore and Saphir, 1947a) 
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toxic (diphllieria and other fevers); (3) septic; 
and (4) isolated myocarditis. Candel and Whee- 
lock (1945) classified infectious myocarditis as 
(1) specific myocarditis (rheumatic fever, tu- 
berculosis, syphilis), (2) nonspecific myocarditis 
(a) of knowm etiology, as diphtlieria, tondllitis, 
typhus, bronchiectasis, or clinical entity of un- 
determined etiology’, such as infectious mono- 
nucleosis, (b) of unknown etiology (Fiedler’s 
myocarditis); and (3) septic myocarditis (sep- 
ticemia and associated subacute bacterial endo- 
carditis). 

Lustok and associates (1955) classified invo- 
cvarditis as acute, reciinent, or cbrojuc. The 
acute form is either fulminating, witli sudden on- 
set and fatal termination, or benign. The benign 
form may be symptomatic or asymptomatic, m 
the latter case, it may be discovered by electro- 
cardiographic or roentgenographic examination. 

For didactic purposes, a classification of 
myocarditis is presented in Table X-16. 

TABLE X-16 

Classification of NtyocardUis 
"Fetal myocardibs” 

Myocarditis following infectious and contagious dis- 
eases ( as bacterial, vims, fungous, helminthic ) 

With endocarditis 

Without endocarditis 
Isolated myocarditis 

Diffuse (sometimes the result of hypersensitivity) 

Granulomatous (cause as yet unknown) 

Speafic myocarditis * 

The defect in such a classification is im- 
mediately obvious. It is not free from the 
criticism of overlapping. Tlius, gonococcal 
and meningococcal myocarditis may or may 
not be associated with endocarditis; and rheu- 
matic myocardits may be classified as a spe- 
cific myocarditis or as a form of myocarditis 
that may follow endocarditis. 

The above classification is in part etiologic. 
Jaffe (1944) believed that such a classifica- 
tion in relab'on to accompanying infection 
was valuable clinically but rather unsatisfac- 
tory patliogenetically. He suggested that in 
the light of genesis only two groups of myo- 
carditis can be distinguished: (1) those in 
which tlie organisms are actually present in 

* "Specific" indicates changes which histologicaUy 
ore so characteristic tliat a diagnosis of tlie cause can 
be made from the morphologic picture alone withoul 
recourse to bacteriologic studies, e g., rheumabc, tu- 
berculous, sypluhbc (gummatous). 


the myocardium and produce tissue reactions; 
such cases include myocarditis of septicemia, 
tuberculosis, and gummas; and (2) those in 
which the myocardium is free from the or- 
ganisms but is indirectly influenced by the 
organisms at distant sites, as in diphtheria. 

JafTc often remarked that myocarditis occurs 
fre<{uently. Thus, in 5000 autopsies performed in 
Venezuela, he encountered 500 cases of injocar- 
ditis (1940). Most of these disclosed the same 
Iiistologic picture. He emphasized that only the 
muscle damage is a direct consefiucncc of the 
underlying disease. Tlifs damage iiuy he caused 
by various extrinsic agents, such as bacteria or 
parasites, or by intrinsic agents, as in metabolic 
disturbances. He further stated that it is a ten- 
able assumption that the body may react similarly 
to various causes, especially if the etiologic agent 
affects the parenchymatous cells or organs, and 
if these damaged cells produce further reaction 
as a result of faulty secretion and absorption of 
products of cellular disintegration. Furthennore. 
in many illnesses the pathologic process may be 
the result, not of a single transitory insult, hut 
often of continued and repeated insults. Thus, 
another factor is added, namely, the allergic re- 
action of the individual, which in itsdF gives rise 
to various tissue changes. He concluded that 
chronic myocarditis is to be regarded os a unifonn 
process in which there is, primanly, damage to 
the cardiac muscle fibers and, secondarily, mesen- 
ch)'mal alterations with cellular infiltrations. This 
process, although purely infiamniatorj', must be 
distinguished from all tliose m>ocardial inilamma- 
tions in which organisms arc present in situ; it is 
Uie result of the aller^'c re.iction of the previ- 
ously damaged cardiac muscle. 

This concept of m)ocarditis will be further 
discussed in relation to isolated myocarditis. It 
may be mentioned here that so-called allergic 
myocarditis or myocarditis in hypersensitivity 
presents microscopically a more or less well-de- 
fined entity (Rich and Gregory, 1943a and b; 
French, 1946) which often is quite character- 
istic microscopically, and which does not always 
confonn to Jaffe’s description. 

FCTAL MVOCABOmS 

Reports of fetal (congenital) myocarditis, 
except in congenital syphilis, are exceedingly 
rare. Sucli reports are found chiefly in the 
older literature (Abbott, 1926) and usually 
are concerned with myocardial changes in 
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hearts showing congenital anomalies. Cross 
(1941) stated that the valvular clianges in 
so-called congenital endocarditis (see page 
759) are not the result of inflammation, but 
signify the persistence of an early develop- 
mental stage of the involved valve. He also 
added that myocardial lesions seen in such 
hearts are not inflammatory in origin but 
represent healed, bland infarcts. Saphir and 
associates (1944), in studying 78 congenital 
anomalies of various types, exclusive of minor 
anomalies such as a patent foramen ovale and 
patent ductus arteriosus, found an increase 
in connective tissue in several hearts but no 
inflammation, either acute or chronic. 

It is known that many children with se- 
vere congenital cardiac anomalies get along 
fairly well, though occasionally one may die 
unexpectedly. Intriguing as it may be to as- 
sume that myocardial changes are the direct 
cause of death in these children, a careful 
histologic study of sucit hearts usually dis- 
closes no evidence of any anatomic lesions in 
the myocardium to which death can be at- 
tributed. 


One rather unusual instance was reported by 
Monson (1948), in which a child with tetralogy 
of Fallot died during a short-circuiting operation. 
At autopsy, death was attributed to myocarditis. 
Froboese (1932) found severe myocardial fibrosis 
in a 6-month-old infant, which he interpreted to 
be the result of a congenital myocarditis (fibrosis 
myoeanla congenita). There weie no congenital 
anomalies. 

A number of examples of myocarditis have 
been reported in newborn infants, which were 
thought to have been caused by a maternal infec- 
tion vvitli Coxsackie virus (Javett et al , 1956). 
See also page 810 

Recorded instances in the literature of so-called 
idiopathic enlargement of the heart are definitely 
not the result of inflammatory changes of the 
myocardium. Some of these have been found 
associated with “status thymicoIympbaticus”wbiIe 
others are classified as glycogen infiltration (von 
Gierke’s disease). (See also fibroelastosis.) 

From a review of the literature and from 
studies of the myocardium of a number of hearts 
with congenital anomalies observed in this labo- 
ratory, It must be concluded that (with the ex- 
ception of myocarditis in congenital syphilis) fcUl 
or congenital myocarditis, if it occurs at all, is 
extremely rare. 


MYOCARDITIS IN INFECTIOUS DISEASES 


Acute Nasopharyngitis and Acute Tonsil- 
litis. Tile literature contains reports of myo- 
cardial damage resulting from tonsillitis. 
Most of these, however, are clinical, some 
presenting changes in the electrocardiogram 
as evidence of myocardial damage. 

Wuhrmann (1939) regarded chronic tonsillitis 
as a type of infection that may be responsible for 
myocarditis. Scherf and Boyd (1939) empha- 
sized repeatedly that commonly focal infections, 
such as those of chronic tonsillar infection, cause 
myocarditis. Scherf (1940) reported 5 noiifatal 
cases in which myocarditis followed acute tonsil- 
litis. He stated that in his experience tin’s com- 
plication occurred in 10 to 15 per cent of such 
cases. Candel and Wheelock (1945) mentioneda 
patient with peritonsillar abscess m their series 
of nonfatal cases and described I fatal case with 
autopsy in which myocarditis followed acute ton- 
sillitis. 

In a study of (he pertinent material available 


al the Anned Forces Institute of Pathology, re- 
ported by Gore and Saphir (1947b), tliere were 
35 instances of nonrheuroatic myocarditis in asso- 
ciation with upper respiratory infections. The 
portal of entry in 12 of these was acute tonsillitis 
and in 23, acute nasopharyngitis. Septicemia w.as 
not believed to be of etiologic importance, since 
significant visceral alterations were absent in all 
35 cases. Conjiiebactcrium diphlhcriaa was ab- 
sent from the culture material and diphtheria h.ad 
been excluded clinically in each insUncc. The 
cause of death was cardiac failure in all cases. 
Fifteen of the patients iiad died unexpectedly. 
Crossly the hearts were soft, flabby and friable, 
and the myocardium was pale, gray or streaked 
with gray, or mottled vvitli red or yellow. Pctc- 
cliial heinorrhages were found subepic.irdially 7 
times and dilTusely scattered throughout the myo- 
cardium 3 times; nnirai ventncnlar thrombi were 
encountered in 1 c.ise, and 5 hearts were regarded 
as grossly normal. 

Histologically, the inflammatory cellular re- 
sponse was predominantly and charncfcristicaily 
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urc X-43 Myocarditis in patient with orRanizini; 
rumonJa. Note the many monocylic telK. Iron- 
licnialoxybn X300 


nonuclear. In the most cellular zones, lym* 
jcjtes outnumbered the other elements which 
luded mononuclear cells larger tlun K-mpho- 
es svith densely stained nuclei, polyinorpho* 
7lear leukocytes and Aschoff cells Aschoff 
Is, though Uiey constitute iwrts of the Asch- 
body, are often found in sanuus types of 
ocarditis and per se are neither ciiaraclcrislic 
any specific lesion nor are the\ pathognomonic 
rheumatic fever. They are cluractcrized by an 
undant, faintly basoplulic cytoplasm, a hghlly 
ined oval nucleus, a thin sharp nuclear mem- 
me and a charactenstic arrangement of the 
romattn in the form of a central bar or node 
im which webhke processes extend toward the 
riphery. Aschoff cells are also known as "myo- 
tes," because of Anitschkow’s (1913) original 
lerpretation, and as myocardial reticulocytes 
Ehrlich and Lapan, 1939). 

Endothelial leukocytes (histiocytes) and Ascli- 
: cells were frequently found in small accumu- 
bons about a few intensely acidophilic, homo- 
neous muscle fibers, and sometimes infiltrated 
e intersbtial tissues more diffusely, especially 
ibendocardially about the orifices of the thebe- 
m vessels. The focal cellular accumulations 
ound a few necroHc muscle fibers appear^ to 
present a \ ery early and rapid morphologic 
lange which Gore and Saphir termed an "ex- 
osive lesion.” Plasma cells and eosinopliils were 
und in varying numbers, and in older lesions 
jroblasts were observed. Mast cells were pres* 
it, as they are normally, but apparently they 
d not participate to any extent in the inOamma* 


lory reaction. Bacteri.-i were absent from all sec- 
tions examined. The inflammatory cells were 
accompanied by exudation of vari.iblc qu.iiititic5 
of protcin-rich fluid in the intcrsUUal tissue. 
Lustok and associates (1935) reported tfiat 13 of 
tlicir -15 patients with myocarditis gave 4 history 
of acute respiratory infection, fii the series of 
Beiigtsson and associates (1951), the incidcnci? 
of myocarditis among 798 patients with acutd 
hemarrhagic tonsillitis, on the basis of clinical 
observations, was .3.9 per cent. 

It IS ihtis evident that myocarditis is occa' 
sioiially associated with acute nasopharyngitis, 
acute (oiivillitis, and infections of the upper rcs' 
piratory tract in general Vet, reportctl autopsy' 
cases arc exceedingly nire; Caiidel and Wlicclock 
(1945) hclievcd that their report of acute non- 
specific invocarditis following acute tunsilitis was 
the first recorded case proved by autopsy’. 

Pneumonia. Relatively few references arc 
found in modern literature to myocarditis in 
pneumonia. 

Stone (1922) examined microscopic sections 
of the myocardium in 34 cases of lobar pneu- 
monia and 37 cases of bronchopneumonia. Poly- 
morphonuclear leukocytic and round cell infiltra- 
tions were found in 8.9 per cent, and outspoken 
interstitial myocarditis in 2.9 per cent of tlie pa- 
tients with lobar pneumonia. Among the patients 
with bronchopneumonia, polymorphonuclear Icu- 
kocyiic and round cell infiltrations otourred in 
10.8 per cent and interstitial myocarditis in 2.7 
pcT cent Newbwff ^1914), Licbmarm (1915), 
Berry (1920), Roesler and Soloff (1935), Swift 
and Smith (1937), and Spuhicr (1942) re- 
ported isolated instances of myocarditis in pneu- 
monia. Saphir and Amromin (1948) studied 67 
hearts of patients with bronchopneumonia in whom 
the inSammation of the lung liad involved at least 
one entire lobe. Twenty-six or 38.8 per cent of 
these revealed infiammatory changes sufficient to 
vvarnml the term "myocarditis” (Figure X-43); 
15 of the 26 were classified as acute myocarditis, 
3 as acute serous, and 8 as subacute myocarditis. 
The outstanding clinical criteria pointing to the 
diagnosis were found to be: disproporb'on be- 
tween the pulse rate and the temperature, drop 
in the arterial blood pressure, cyanosis out of 
proportion to the apparent pulmonary involve- 
m^t, and unexpected death. Six of these 26 
patients exhibited electrocardiographic abnor- 
malities. 'The authors emphasized the necessity 
of examining multiple sections of the myocardium 
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either to establish or to disprove a diagnosis of 
myocarditis. Among 240 instances of myocarditis 
studied by Saphir (1942a), myocarditis was 
found in association with lobar pneumonia 7 
times, and with bronchopneumonia 19 times. 

Myocarditis is also occasionally encountered 
in so-called acute laryngotracheohronchitis. Saphir 
(1945a) reported unexpected death in 5 chil- 
dren. The autopsies disclosed severe laryngeal 
edema and edema of the epiglottis and subglottis, 
with absence of any obstructing (pseudolinein- 
brane. Grossly, the hearts were dilated, and 
microscopically the myocarditis was principally 
interstitial in distribution. The most commonly 
encoimtered inflammatory cell was the lyinpho- 
c)'te. Neutrophils were rarely present. Three of 
these 5 instances disclosed, on microscopic exami- 
nation, early bronchopneumonia which was not 
recogm'zed grossly. 

Fatal myocarditis also occurs in bronchiectasis. 
Jex-Blake (1920) mentioned th.it 3 of 110 pa- 
tients with bronchiectasis died of heart failure. 
He apparently referred to right ventricular hy- 
pertrophy with ultimate right heart failure. Ogil- 
vie (1941) stated that myocardial damage occurs 
as a late result of chronic sepsis. Chafee and asso- 
ciates (1942) described myocarditis in a patient 
who died suddenly after an asthmatic attack 
The myocardium was massively infiltrated with 
eosinophils, polymorphonuclear leukocytes, a few 
lymphocytes, and plasma cells, and also con- 
tained small foci of necrosis. Bronchiectasis was 
found in 152 of 6257 autopsies (Saphir, 1943). 
Mj'ocarditis M’as encountered in 8 of tliese 152 
autopsies. In 3 the myocarditis was recent, but 
complicated by mjocardial fibrosis in 1 of the 
cases, and associated with an aneurysm of the 
heart in anotiier. Subacute myocarditis and true 
chronic myocarditis were each present twice. 
Three of these 8 patients had died unexpedeilly. 

Whooping Cough (Pertussis). The older 
literature includes whooping cough as a causa- 
tive factor in myocarditis (Kirch, 1927). 

Obemdorfer (1914) demonstrated myocarditis 
in a 7-year-old girl who died unexpectedly a few 
weeks after having contracted whooping cough. 
There were m.iny infiltrations of round cells 
throughout the m>ocardium. Among 27 instances 
of myocarditis reported by Vischcr (192J), 1 p.a- 
tient with whooping cough had an interstitial 
myocarditis with predominating lyanphocytes and 
a few leukocytes and pl.isma-hkc cells. Brick 
(1913) studied microscopically the hearts of 7 


patients with whooping cough. In 1 (Case 7), a 
few leukocytes and small accumulations of round 
cells were present; in another (Case 12), occa- 
sional leukocytes were encountered througliout 
the myocardium. In general, hypertrophy of tlie 
right ventricle was the main cardiac abnormality. 

Influenza. Myocarditis from virus infection 
will be discussed later. The literature contains 
a number of instances in which myocarditis 
was thought to have been the result of infec- 
tion with Haemophilus influenzae or of infec- 
tions loosely called "flu" or “grippe.” A num- 
ber of these reports are not detailed enough 
to warrant the conclusion that the myocarditis 
had been caused by a definite organism. 

Of 27 persons with fatal influenza (virus infec- 
tion?) in the epidemic at Camp Deveiis in 1918, 
reported by Wolbach and Frothingham (1923), 
the myocardium of only 1 revealed small areas of 
cellular infiltration, consisting chiefly of mono- 
nuclear cells vvitli a few polymorphonuclear leu- 
kocytes and mast cells, Schmorl, according to 
Kirch (1927), was the first to refer to myocarditis 
in patients dying during Uie epidemic of “grippe” 
in Europe in 1918. Miller .ind Brandi (3923), 
and DeSanto .and Wliitc (1933) described myo- 
cardial changes in a llaemophtlus haemohjilcus 
infection. Lichty (1937) found myocarditis 
caused by a hemolyti'c parainfluenza bacillus. 
Craven and associates (1940) reported myocar- 
ditis in 2 instances of endocarditis caused by 
Haenwphtlus jiarainfluenzae. 

Diphtheria. Myocardial damage is a well- 
known and sometimes fatal complication of 
diphtheria. Tlie literature up to 1940 has been 
reviewed by Saphir (1942). 



Figure X-44. Tnic chronic injocanlitn. N'cile die 
fibrosik asvMcutcd with the >niUininatiir>’ cells. Iron- 
han.vto\>Iin. .V 250. 
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Figure X*45 (left). Early hyaline necrosis of myocardium in diphlbena- Section is from the 
heart of a guinea pig that died 27 iiours after intrapentonea] injection of %iTuleiJt culture of Cory- 
ncbactcnum dip/it/icrfue. Hcmatovyhn and eosin. X 450. (WCGH, 40 P 379.) 


Figure X'46 (nght). Il>aline necrosis of myocardium in diphtheria. Patient died 14 da>s after 
onset of phai>ngitis. Note absence of true iollammation. Kemato\>bn and eosin. X 150. (WCCH, 
45 P 191 L.) 


Ch’in and Huang (1941) gave a general re- 
view of tlie liistologic lesions of the m>ocardium 
in diphtheria. Warthin (1924) presented an 
analysis of the findings in 17 diphtheritic hearts, 
stating that the essential lesion was to.'dc paren- 
chymatous hyaline degeneration or necrosis (Fig- 
ures X'45 and 46), often with fatty infiltration. 
He indicated that a reparathe in&ammatory proc- 
ess (myocarditis) develops later. Whether the 
term “myocarditis” is justified, m speaking of a 
reparative infiammation, is quesbonable. Unfor- 
tunately, other investigators have used the term 
myocarditis, not to denote simple reparative in- 
flammation, but to signify a primary m>ocardial 
inflammation in diphlhena. Nuzum (1919) de- 
scribed an eosinophilic myocarditis in diphtheria. 

Gore (1948) reported the findings from au- 
topsy records and microscopic slides of 221 fatal 
cases of diphtheria, of vvhicli 205 were available 
for study. M}ocarditis alone was encountered in 
09 inst.mccs. Myocardib's vvitli neuntis was re- 
ported 44 times, the presence of neuritis being de- 
termined solely from the clinical records, whereas 
the diagnosis of m>ocjrditis was luscd on micro- 
scopic findings. Cross cardiac abnormalities were 
reported in 71 per cent of the cases. Dilatation of 
the cliambers, flacddit>’, pallor, and '“streakiness” 
of the m)ocardium, noted singly or in combina- 


bon, were the changes most frequently reported* 
The extent of the microscopic changes varied 
from severe involvement with large and multiple 
areas of muscle damage to minor changes with 
only occasional small foci of involvement. Ne 
organisms were demonstrable microscopically ib 
any of the sections e.xamined. Gore emphasized 
\hal the diphdieritic infection produces a v-arjing 
degree of parench>mal damage, manifested •>* 
segmental hyaline, granular and fatty degenera* 
tion of the muscle fibers. The secondary inflam- 
matory response of the stroma appears, at first, to 
consist largely of locally developed liistiocytes, 
but it is soon augmented by an influx of plasma 
cells and l>mphocytes. Degenerated muscle is 
destroyed, leaving gaps and defects in the myo- 
cardium vvlucli, if the length of survival permits, 
heal by fibrosis (Figure X-47). The muscle 
showed only abortive regeneration. Statements 
by Anitsclikovv (1913), Heller (1914) and War- 
thin (1924) to the effect that tlicrc is tnie muscle 
regeneration were based on Anitschkow's belief 
in the myogenic character of the “myocyte," a 
cell now generally regarded as a histiocyte. 1” 
onc-third of the cases, tlie manifestations of myo- 
carditis appeared at a bine when the patient 
seemed to be well on the way to convalescence. 
The interv.al between clinical manifestation of 


MYOCARDITIS 


787 



Figure X-i? (upficr). .\i>ocarJi«nj in di'i^Uicria. Area ol netroiM iv being organized 
and replaced by young fibrous tissue. X125. (Courtesy of Anned Forces Institulc of 
I’albology. Ace. 152,452.) 


Figure X-48 (iou-er). ilcaliug of arcsis of myocanlial necrosis m <lip}itl)fna, willi early 
fibrosis. X90. (Courtesy of Armed Forces Institute of Pathology. Acc. 143,672.) 



788 


PATHOLOGY OF THE HEART 


diphtheria and the onset of cardiac s>inploms has 
been designated as "die deceptive intenal” of ap- 
parent improvement. 

Greene (1946) believed diat the mjocardial 
changes in his case were caused by a combina- 
bon of sulfonamides and diphdieria toxin. He 
thought diat cloudy swelling, simple necrosis, and 
granular fragmentabon were characterisbc of 
myocardial involvement in diphthena, and that 
the intersbbal reachon, the round cell and poly- 
morphonuclear leukocjbc infiltrations and the 
fibroblashc proliferation were secondary. On the 
other hand, the presence of large pale mononu- 
clear cells vvidi eosinophilic cytoplasm was be- 
heved to be representabve of sulfonamide medi- 
eabon. He concluded that die usual hazards of 
sulfonamide therapy are increased when the 
heart is already damaged by dipbdieria or other 
toxins. 

Myocarditis has also been reported as a 
complication of cutaneous diphtheria (Solo- 
mon and Irwin, 1947). 

Kay and Livingood (1946) found evidence of 
myocardibs in 4 patients among 140 with cutane- 
ous diphtheria, 1 of the 4 died. These authors 
were impressed widi a definite parallel relabon- 
ship between the seventy of the cutaneous lesions 
and development of cardiac complicaUons. 

As a result of the myocardial changes in 
diphtheria, fibrosis and hyalinization may en- 
sue (Figure X-48). Occasionally, instances 
of calcification of tlie heart muscle fibers have 
been reported. 

Ceelen (1919) stated that the toxin of Coryne- 
bacterium diphtheriae may produce parenchym- 
atous degeneration and, at times, even caJcifi- 
cabon of the myocardium. He observed partial 
calcificaUon of the fibers of the right bundle 
branch and also calcificabon within the myocar- 
dium. Kratzeisen (1920) noted deposition of cal- 
cium within the diseased muscle fibers of the 
heart of a pahent who died of diphtheria. Edel- 
stein (1946) observed massive calcificab'on with 
ossificaUon in the myocardium of an lI-)'ear-old 
boy. Though no definite etiology for this lesion 
was evident, it seemed that either diphtheria or 
infection witli Iluemophilus influenzae produced 
degenerative changes and necrotizing lesions of 
the heart muscle with secondary calcification. The 
heart was the only organ in the body which 
showed calcificabon. 


Heart block is often encountered in diphtheria. 
Only Kocher’s study (1947) will he mentioned 
here. At autopsy, he found, in a diphtlierib'c pa- 
bent with complete heart block, diffuse destruc- 
tion of muscle fibers wiUiin tlic interventricular 
septum. Hicse fibers were surrounded by infiltra- 
tions of neutrophils, lymphocytes, monocytes and 
a few plasma cells; tlic process liad c.ttcndcd into 
the junctional tissues between the atrium and 
ventricle. 

Also on record arc a number of reports of myo- 
cardial changes in experimental animals injected 
witli toxins of C. diphtheriae. Cukelberger 
(1936) produced myocardial lesions in 21 of 28 
guinea pigs by injecting diphtheria toxins (0.0006 
Cm. per 100 Cm. of body weight). 

Sayers (1958) observed a patient who, 12 
years previously, had had a severe attack of diph- 
theria with myocardial involvement, and then 
developed myocardial insufficiency, and finally 
died in congestive heart failure at the age of 41. 
Crossly Uie myocardium showed no changes but, 
microscopically, some sections had large areas of 
fibrosis and other secdons had fine strands of 
fibrous tissue situated between myocardial fibers. 

Scarlet Fever. Sloeber (1935) examined 
the hearts of 22 patients who died of scarlet 
fever. Tlie ages ranged from 5 montJis to 23 
years, except for one patient who was 50 years 
old. Six hearts had no microscopic changes, 
and in 4 tlie changes were minute. The other 
hearts disclosed various amounts of cellular 
infiltration. Particularly prominent were 
faintly-stained large oval cells without recog- 
nizable cytoplasm and large nuclei which 
showed fine ramification of the cliromalin. 
Tliese cells were obviously Aschoff cells. Hem- 
orrhages in the conduction system may be the 
cause of une.\pected deatli in scarlet fever. 
Stoeber also remarked that Uie same patient 
may Iiave scarlet fever and rheumatic fever 
and both tyjies of myocarditis. The latter 
remark is interesting and recalls Schmorl's 
findings (1914) of typical Asclioff bodies in 
the heart of a 2-year-old child who died of 
scarlatinal myocarditis. 

Fahr (1921), apparently stimulated by 
Schmorl's statement, studied the hearts of 9 pa- 
tients who died as a result of scarlet fever. In 4 
patients the diagnosis of myocarditis had been 
made clinically. In not a single instance were 
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rheumatic nodules (Aschoff bodies) found in the 
myocardium. However, minute granulomata 
were present, particularly around the small blood 
vessels. These nodules weie much smaller than 
Aschoff bodies and no giant cells \v ere seen. Four 
of the 9 hearts also had endothelial cell piohfera* 
tion of the endocardium in the form of small 
nodules. In 3 other hearts only a few such 
nodules were found, and in 2. they were absent. 
Kirch (1927), discussing Fahr’s studies, con- 
cluded that the rheumatic nodules (Aschoff 
bodies) are specific lesions, occurring in no other 
disease, and must be well separated from the 
nodules seen in scarlet fever. Fahr (1930), a few 
years later, studied the heart in II cases of 
scarlet fever, and m 1 instance found a severe 
myocarditis. The most commonly encountered 
change was subendocardial proliferation in the 
form of minute nodules. 

Magladery and Billings (1936) emphasized the 
difference in intensity of myocardial involvement 
in various epidemics of scarlet fever. Among 37 
Cases of scarlet fever, tliey found 29 with myo- 
carditis which sometimes was of mild degree. 
However, by using the oxidase reaction, they 
clearly demonstrated an incre.'ise of granulocytes. 
In 1 heart, they encountered perivascular infil- 
trations which resembled Aschoff bodies, this 
heart also had acute verrucous endocarditis. 

Brody and Smith (1936) studied the visceral 
lesions in scarlet fever and related streptococcal 
infections; in a series of 44 patients with scarlet 
fever and of IS patients with possible scarlet 
fever the hearts were examined microscopically. 
They stated that lesions of varying seventy oc- 
curred in over 90 per cent of the hearts, the cluef 
cell being some form of round cell. These lesions 
fell into three overlapping types: (I) either a 
focal or a diffuse interstitial infiltration of Uie 
myocardium, having no apparent distribution 
willi reference to the cardiac blood vessels and 
usually seen in conjunction with either of the 
following two types; (2) an infiltration, either 
in or about the smaller coronary arteries (arteritis 
or periartentis), in which the invading cells were 
mononuclear, although in some cases there was a 
slight admixture of neutrophilic polymorplionu- 
clears and rarely eosinophiis; (3) the commonest 
type, consisting of a subendothclial infiltration 
which sometimes occurred bencalli (he endocar- 
dium of the ventricular chambers but was most 
striding in the walls of the thebesian vessels. On 
tlie basis of clinical observations, Bengtsson and 
associates (1951) diagnosed myocarditis in 3.9 
per cent of 3069 patients with scarlet fever. 


In summary, it seems tliat myocarditis not 
rarely is associated with scarlet fever. Tlie in- 
flammation is characterized principally by in- 
volvement of the interstitial tissue, although 
the cardiac muscle fibers may be replaced by 
inflammatory cells. Tlie cells most commonly 
encountered are lymphocytes which may be 
distributed perivasciilarly in tjie form of mi- 
nute nodules. Circumscribed proliferations of 
cudotlielial cells are encountered relatively 
often in subendocardial regions. 

Meningococcal Infections. To judge from 
the relevant literature, myocarditis is rarely 
caused by meningococci. Case reports of 
meningococcal endocarditis disclose an ac- 
companying myocarditis more often than 
might be expected. Reports of meningococcal 
myocarditis in the absence of endocarditis, 
however, are quite rare, possibly because the 
myocardium is not carefully enough exam- 
ined. 

Sapbir (1936) examined the heart m 10 in- 
stances of meningc-coccemja and reported inyo- 
cardiUs in 2. The myocarditis was characterized 
by hemorrh.agic exudate witli the presence of 
endothelial leucocytes and a few polymorpho- 
nuclear leukocytes, some of which contained 
gram-negative diplococci. Ferguson and Chap- 
man (1948) examined the heart in 16 cases of 
acute fulminating meningococcal infections and 
described inflammatory ceils in tlie m>ocarcIium 
in 12. The inflammatory exudate consisted of 
varying numbers of mononuclear leukocytes; in 
addition, occasional foci of necrosis w'cre en- 
countered. Epstein and associates (1947) also 
wrote on inenmgococeal myocarditis. 

Moritz and Zamcheck (1946) studied 350 
cases of fatal meningococcal mfeclions reported 
by the Armed Forces Institute of Pathology. In 
110 of these patients death occurred wilhm 24 
hours after the onset of iiicap.ici(a(irig symptoms. 
My-ocarditis (myocardial exudation) was ob- 
served in 37. In 14 instances postmortem exami- 
nations disclosed no significant pathologic changes 
other tlian myocarditis. It is apparent from the 
histologic studies of these hearts that the diag- 
nosis of myocarditis usually referred to an exuda- 
tion of polymoryihonuclcar leukocytes superim- 
posed on a monocytic reaction which might be 
focal or diffuse, and sparse or dense. 

It is well known that patients with men- 
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ingococcemia having tlie so-called Watef- 
house-Friderichsen sijudrome may die unes- 
pectedly. No pertinent references are found 
m tlie literature to the association of menin* 
gococcal myocarditis with tliis syndrome. 
However, when reports of Waterhouse- 
Friderichsen syndrome are scrutinized, it »s 
found tliat myocarditis is sometimes described 
even though such reports do not include 
“myocarditis” in tlieir titles. ( See Saphir, 
19-19.) Because there are few references in 
tlie literature to myocarditis in the Water- 
house-Friderichsen syndrome, the following 
significant cases will be quoted. 

In an instance of the Waterhouse-Fndenchsen 
syndrome, Herbut and Manges (1943) found, 
immediately beneath the endocardium of the left 
\entricle, several sharply circumscribed hemor- 
rhages \\hich microsajpically were composed of 
normal and laVed erythrocytes. Occasionally the 
capillary walls and the immediately adjacent con- 
nective tissue Nvere permeated wtii polymorpho- 
nuclear leukocytes. Small collections of polymor- 
phonuclear leukocytes, dissociated from blood 
vessels, were also seen between the muscle fibers 
and in the supporting connective tissue D’Agati 
and Marangoni (1943) studied the heart m 5 
cases; in all 5 patients tlie microscopic dianges 
were of a nonspecific character, similar to tliose 
found in otlier infectious diseases and in septice- 
mias. Ikeda and Rosenthal (1943) reported 2 
instances; in I they recognized a focal collection 
of polymorphonuclear leukocytes which, they 
stated, miglit lead one to suspect focal myocar- 
ditis. Newman (1945) recorded 3 instances of 
this syndrome. In the first, foci of neutrophilic 
leukocytes and a few large mononuclear cells 
were scattered widely through the myocardmin. 
in a second case, the myocardium contained many 
polymoqihonuclear leukocytes m (he interstitium 
and a rare zone of myocardial necrosis. Holman 
and Angcrine (1946) reported fulminating men- 
ingococcal septicemia in 2 patients, 1 having def- 
inite signs of circulatory collapse. One of these 
patients died and tlie autopsy- disclosed widely 
disseminated areas of edema, capillary engorge- 
ment and degeneration of nuiscle fibers. The sec- 
ond patient survived, but electrocardiograpluc 
changes were noted. Jn a review of 29 autopsied 
cases of meningococcal infection, they stated that 
acute myocarditis was found microscopically' in 7. 
and was associated with septicemia in 6 of llicsc 
7 patients. 


Kinsman and assodates (1946) stated that the 
cause of the circulatory collapse, which is such a 
prominent phenomenon in this disease, has been 
the subject of much speculation. It seems unrea- 
sonable to place the entire blame on the exhaus- 
tion of hormonal supply which is associated with 
the adrenal lesions, even though the latter are 
usually of high degree, as in the fatal c.ises re- 
ported here. In certain instances, inj'unes of 
other organs may be responsible to a greater or 
lesser degree. In one of their patients, there was 
pulmonary edema and bilateral hydrothorax, con- 
sistent wnth circulatory failure of cardiac origin. 
On microscopic examination of the heart, degen- 
eration of muscle fibers and polymorphonuclear 
and mononuclear leuhocytic infiltrations of the 
connective tissue were observed. It was believed 
that the myocardial changes were sufiicient to 
have caused circulatory collapse. Wasserman 
(1946) stated that the viscera, aside from the 
adrenal glands, usually show no significant patho- 
logic lesions, with the exception of acute cloudy 
swelling of the myocardium, the Iddneys and tlie 
liver. Rappaport and Zuckerbrod (1945) re- 
ported a patient who had a fulminating menin- 
gococcal infection and stated Uiat myocarditis 
had been proved by electrocardiography. Gorm- 
sen (1955) studied 3 cases of myocarditis in 
memngo»>ccemia. In this connection, Black- 
Schaffer and associates (1947) were able to pro- 
duce occasional foci of acute myocarditis and 
necrosis in experiments designed to determine 
whether a relationship exists between the lesions 
of meningococcal purpura and the Shwartzman 
phenomenon. 

Saphir (1949) found myocarditis in 4 patients 
with Waterhouse-Friderichsen syndrome. Two of 
Uiese patients were dead on arrival at the hcspital 
and die other 2 died 4 and 7 hours, respectively, 
after admission. Hemorrliages in (lie skin and 
throughout both adrenab were found in all 4 
patients. 

It is important to note that at times myo- 
carditis may be associated with meningo- 
coccal meningitis or meningococcemia, and 
that such associated myocarditis, with result- 
ing myocardial failure, will seriously influence 
the prognosis in meningococcal meningitis, 
not only because of myocardial failure, but 
because the myocarditis is seemingly tlie re- 
sult of an overwhelming infection with men- 
ingococci. 

From a review of these case reports of 
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Waterhouse-Friderichsen syndrome, it thus 
appears that myocarditis has been occasion- 
ally noted as a complication. A fall of blood 
pressure, coincident with gallop rhythm, had 
been observed in 1 of these patients, and in 
another myocarditis was recognized clinically 
by means of electrocardiographic changes. 
Myocarditis, believed to Jjave been suffidcnt 
to cause circulatory collapse, had been noted 
in a third instance. 

Among the 97 instances of myocarditis in 
clhidren studied by Saphir and co-workers 
( 1944 ) , there were 4 in which myocarditis was 
associated with meningitis. In 2, myocarditis 
and meningitis were caused by Haemophilus 
influenzae, in 1 by streptococci, and in an- 
other by pneumococci. 

Gonococcal Myocarditis. Gonococcal myo- 
carditis, in the absence of gonococcal endocar- 
ditis, is extremely rare; myocarditis, however, 
is often found in association with gonococcal 
endocarditis. Focal necrosis with abscesses 
seems to be the most commonly encountered 
lesion (Williams, 1938). 

Sabathie (1933) stated that in some instances 
of gonococcal endocarditis, a primary abscess was 
found in the interatrial or interventricular septum 
and that the valves were involved secondarily. 
Bang (1940) remarked that the possibility exists 
that gonococcal myocarditis may be a cause of 
chronic cardiac disease. As Bang emphasized. In 
textbooks on heart disease, gonorrlieal infection is 
rarely mentioned as a possible cause of myocar- 
ditis. In Candel and IVheelock’s (1945) clinical 
report of patients with m>ocarditis, 3 had acute 
gonococcal arthntis. 

Salmonella Infections. Myocarditis in these 
infections is rare, while degenerative changes, 
such as cloudy swelling and fatty degenera- 
tion, are reported more often. 

Kirch (1927) stated that myocardial clianges 
in typhoid fe\er arc far less common than one 
is led to believe from (he older literature. Maui' 
zer (1947) found, in 35 of 60 patients with 
typliofd fever, electrocardiographic abnormalities 
other than tachycardia and bnidycardia. In 18 
the clianges persisted during convalescence and 
in 1 they first developed during this period. He 
described cloudy swelling or hjaline degenera- 
tion of myocardial fibers with necrotic foci of 


minute size, and scattered or focal interstitial in- 
filtrations. He concluded that myocarditis is the 
cause of death in typhoid fever more often than 
is suspected. At the peak of the infection, the 
myocarditis is easily overshadowed by the pe- 
ripheral circuLitory disturbance, the clinical mani- 
festations of tins myocarditis, tachycardia and 
circulatory instability after exercise, do not be- 
come manifest until convalescence and then per- 
sist for a longer time, m most cases, than the 
electrocardiographic alterations. 

It may be of interest to point out in this con- 
nection that Comil and associates (1933) con- 
stantly found myocardial lesions in guinea pigs 
infected with the typhoid bacillus. The degenera- 
tive changes ranged from loss of the cross-stria- 
tions of the muscle fibers to severe cloudy swell- 
ing. Within the connective tissue a nodular or 
streaky exudate, essentially formed by histiocytes, 
w.as present. These lesions were typically pen- 
vascular Edema, hyperemia and small hemor- 
rhages were also encountered. The electrocardio- 
gram showed disturbances of conduction. 

Wells (1937) recorded an instance of acute 
endocarditis produced by Salmonella parafi/phi B 
(Salmonella schottmuellcn) . The myocardium 
microscopically showed many small foci of acute 
inflammation with necrosis of muscle fibers. 
These often were located about fibrinous emboli. 
The myocardium was replaced in small areas by 
young fibrous tissue. Meyer and Howell (1938) 
also observed an instance of endocarditis caused 
by Salmonella paratyphi B in which the myocar- 
dium histologically presented foci of lyTnphocytic 
infiltrations with a few polymorphonuclear leuko- 
cytes and histiocytes. 

Nunes (1949) described a special type of 
myocarditis in typhoid fever, with presence of 
large mononuclear ceils having basophilic cyto- 
plasm and pale nuclei with a fine reticular ptit- 
tcra. These lesions were found principally’ in the 
interstitial tissue and often just beneath the endo- 
cardium or pericardium. They were most com- 
monly present in the hearts of patients dying 
early in typhoid fever with intestiiwl lesions 
characterized by medullary swelling. 

Kirch (1927) stated that myocarditis occurs 
occasionally in patients with dysentery’ of any 
\j.ncty. Knaack (19J5) reported (hat a 29-}c.ir- 
old-soldicr luid signs of myocarditis a few weeks 
after having siifFcreil .in attack of Jliss-Y dyven- 
teiy’. Tlicro was no autopsy. It in.iy bo of interest 
to mention here tJ).it Dnvenwy .and Ccxluy 
(1929) observed a patient who died suddenly. 
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presumably from myocarditis, after enterococcal 
infection. 

Brucellosis. Myocarditis occurs in brucel- 
losis more often than one would be led to 
expect from the literature. 

Amuchaslegui and Herrero (1948) described 
intersblial m>’Ocarditis in 2 patients in whom cleo- 
trocardiograpbic changes had been noted clini- 
cally. The m>ocarditis appeared in the course of 
infection with Brucella mehtens:s. Attention uas 
called to granulomatous lesions consisting of his- 
tiocytes, lymphocytes, plasma cells, fibroblasts, a 
few eosinophils and small capillaries These 
granulomata were similar to those occasionally 
occurring in the skm. 

Pyemias. Weiss and Wilkins (1937li) stated 
tliat abscesses of the myocardium are rela- 
tively rare and tliat the literature on this sub- 
ject is meager. Tliey remarked that, in most 
instances, such abscesses are metastatic mani- 
festations of an over\vhelming sepsis and that 
they are of more tlieoretic than clinical sig- 
nificance. 

Among the necropsy reports of tlie Department 
of Pathology at the Boston City Hospital, ab- 
scesses in the myocardium ^vere noted in 31 
cases, Avitb bacteriologic data as-ailable in 26. 
Staphylococcus aureus was responsible for sepsis 
in 20 cases, pneumococci in 2, Streptococcus viri- 
dans in 2, Streptococcus pyogenes in 1, and 
meningococci in 1. These authors gi\c detailed 
autopsy findings in a 73-yejr-old white man. The 
pericardial cavity was filled >vith blood and the 
right ventricle was ruptured below the base of 
the pulmonic valve; over this area the myocar- 
dium was pale gray-brown and showed a few 
small irregular yellow points. Histologic.illy, the 
ruptured area w’as surrounded by marked diffuse 
neutrophilic infiltration of the pencardinm and 
myocardium and acute necrosis of the heart 
muscle. The Gram-Weigert stain sliowed num- 
erous gram-positiie cocci in pairs and clusters 
in the abscessed area. Bacteriologic examination 
of the blood, obtained from the cardiac cavity, 
yielded a pure culture of Staphylococcus aureus. 
The authors referred to reports of 7 instances 
of rupture of tlie heart by abscess in which the 
descriptions were sufficiently detailed to rule out 
other condibons. 

Flaxman (1943) stated that among 14,160 
autopsies, myocardial abscesses were noted in 


29. This, offhand, does not seem a significant 
number. However, one must take into considera- 
tion that abscesses are often small and that a 
number of sections of the myocardium must be 
cut and examined to determine their presence. 
Tlius, statistical reports on tlie presence or ab- 
sence of abscesses in the myocardium, taken from 
routine autopsy records, do not give the true 
incidence. 

It may he of interest to mention here that, 
among the 654 cases of spontaneous cardiac rup- 
ture collected and analyzed by Krumbhaar and 
Crowell (1925), abscesses were mentioned in 
only 3 and myocarditis in 4. Of 92 additional 
cases of ruptured heart analyzed by' Davenpart 
(1928), the rupture was the result of an abscess 
in 2. Sossai (1946) also described an instance 
in which rupture of the heart was caused by in- 
flammation (abscess?) rather than infarct Mi- 
nute abscesses in the myocardium arc also en- 
countered in acute and subacute bacterial endo- 
carditis (see page 743). 

Tularemia. Myocardial changes liave also been 
noted in tularemia. Goodpasture and House 
(1928) described a moderate accumulation of 
large mononuclear cells about the xessels of the 
heart. Lilb'e and Francis (1936), in an exhaus- 
tive study on tlie pathologic cliaractcr of tulare- 
mia, with a review of the literature, reported on 
histologic studies of the heart in 14 cases. In 9 
it was substantially normal, except for a variable 
amount of transverse fragmentation of fibers 
Finely granular, cloudy, swollen and poorly cross- 
striated fibers were seen in 3 instances, and in 1 
a diffuse interstitial round cel] mfiltration vvas 
desenbed. 

Experimentally, they produced tularemia in 
the Belgian hare. Of 28 animals with acute 
tularemia, focal lesions composed of nuclear 
debris lying among intact heart muscle fibers 
were seen in only 1 animal. Among 61 rabbits 
with late acute and subacute tularemia, focal 
inflammatory lesions vv'cre present in 13. In 4 
of these, there were foci of lymphocytic infiltra- 
tion and of intersbbaJ caseous necrosis. In o 
others, similar necrotic foci were present, some 
of which, however, were surrounded by’ inter- 
stitial proliferations of fusiform fibroblasts or 
vacuolated epltheboid cells and more or less 
lymphocytic infiltration. One of these 14 rabbits 
disdosed a few granulomatous caseous foci in the 
wall of the left atrium. In the remaining 3 rab- 
bits, the focal lesions were typically granuloma- 
tous in character. Two of these 3 showed a few 
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small perivascular nodules of epithelioid cells or 
fibroblasts with little necrosis and some lympho- 
cytic infiltration. An area of dense interstibal 
proliferation of I’acuolated epithelioid cells with 
atrophy and degeneration of muscle fibers was 
found in the ventricular wall. Also present weie 
a few small foci of caseous necrosis and polymor- 
phonuclear infiltiation (see also page 800) 

Foshay (1940) reported on his own abundant 
material and also reviewed the hteiature. He 
stressed the importance of previous heait disease 
as causing prolonged disability and death. How- 
ever, cloudy swelling, loss of striations, fragmen- 
tation of muscle fibers and sparsely scattered 
focal cellular infiltrations between muscle bun- 


dles were associated with acute instances. These 
lesions were seldom severe or extensive and did 
not occur frequently. He thought that tularemia 
does not seriously damage the normal heart, but 
that it Seems likely that this severe infeebon 
causes latent coronary disease to become mani- 
fest. In a report by Stump and Quinn (1940), 
llie myocardium of 1 patient showed a slight 
increase of stroma and scattered small numbers 
of mononuclear cells, denoting active chronic 
myocaiditis. A second patient with tularemia 
had, as an incidental finding, a number of active 
Aschoff bodies and evidence of chronic inflamma- 
tion in the myocardium. 


MYOCARDIAL CHANGES IN OTHER CONDITIONS 


GloinerulonephrUis, UremiCy 
Pregnancy 

As early as 1879 Goodlurt implicated the 
heart muscle as the cause of cardiac failure 
in acute glomerulonephritis. 

WhitehiJl and associates (1939) found clinical 
evidence of cardiac insufficiency in 71 per cent 
of their series of 138 patients with acute ne- 
phritis, but microscopically the heait muscle w-as 
almost always leported as being nonnal or, at 
most, slightly edematous. Darrow (1941), how- 
ever, reported finding separation of heart muscle 
fibers, perivascular accumulations and diffuse sub- 
endocardial infiltrations of mononuclear cells and 
a few plasma ceifs. Gore and Saphir (1948) re- 
ported the association of m>ocardi|{s in 16 of 
160 patients who died of acute or subacute 
glomerulonephritis. They excluded cases of acute 
nephritis occurring subsequent to such illnesses 
as scarlet fever, typhus and septicemia. The 
hearts were usually increased in weight and the 
muscle was soft and pale, with mottling or streak- 
ing. Microscopically, the inflammatory foci were 
small and involved only portions of a given sec- 
tion. The serous components of the exndafcs were 
particularly conspicuous (Figure X-49). Tlie in- 
terstitial tissues were rendered more prominent 
by the presence of a faintly eosinophilic fluid 
and scattered inflammatory cells. Aschoff cclk 
(Anitschkow mjocytes) were often present but 
poljmoqihonucloar leukocytes were generally 
absent. Core and Saphir remarked th.it their 
figure. 10 per cent of 160 cases, contrast sharply 
with the high incidence of chnic.iI myocardial 
failure reported by others. They believed that 


the discrepancy is more apparent than real be- 
cause of the patchy distribution of the inflam- 
matory changes m the heart muscle and because 
routine sections of the myocardium wJjich they 
examined constituted but a small sample of tbe 
cardiac musculature. 

Bohn .and Feldmann (1947) also emphasized 
the relatively frequent occuncnce of myocarditis 
in patients with acute diffuse nephritis. .Myocar- 
ditis occasionally was the cause of death Among 
Cennaii soldiers during World War II. The myo- 
caidial infl.'immation may not become evident 
until the fourtli to sixth week of the nephritis. 

It is well known that patients with uremia 
often have changes in the electrocardiogram. 
Liischer (1921) found a hemorrhagic type of 
myocarditis associated with .acute fibrinous peri- 
carditis in a patient with typical urcinka^ and 
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Figure X-49. .\JyocarditK associaUtI xnlli Uffniia. 
Note tduna. .Most of mll.inimatury cells arc Ijiiipho- 
cytes ami a few resemble plasma cills. Ilemaloxyliu 
and eosin. X373. 
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termed this “uremic myocarditis.” Gouley (1940) 
stressed the existence of a specific uremic “myo- 
cardiopathy” but rejected the term "uremic myxi- 
carditis.” He found, histologically, only fatty 
changes of the muscle fibers with hyaline degen- 
eration and little or no cellular infiltration. Solo- 
mon and associates (1942) were unable to 
demonstrate any lesions characteristic of the 
uremjc state in the Ijearts of 50 patients who died 
in uremia. An unusual endothelial hyperplasia 
of the cardiac arterioles was present in 7 of 8 
patients with acute necrotising arterioliUs of the 
kidneys. On microscopic examination diffuse 
fatty degeneration with miliary myocardial ne- 
crosis was present. Acute interstitial myxicardilis 
was found in 31 cases. Langendorf and Pirani 
(1947) found myocardial changes that were re- 
lated to the hypertensive heart disease and, in 
addition, diffuse fatty degeneration, cloudy swell- 
ing of myocardial fibers and interstitial edema. 
While the fatty degenerabon was probably caused 
by concomitant anemia, the cloudy swelling and 
interstitial edema can be ascribed to the uremic 
mtoxicabon but cannot be regarded as diagnostic 
of uremia. They concluded that there was no 
evidence to support the existence of a specific so- 
called uremic myocarditis. The factors responsi- 
ble for the changes in the electrocardiograms of 
patients with uremia are believed to be dironic 
left heart strain, myocardial changes resulting 
from coronary artery disease, and diffuse peri- 
carditis, and changes in the electrolyte balance 
which give rise to hypocalcemia and hyperpoUs- 
semia. 

Most of the reports in the literature describ- 
ing myocarditis in pregnancy are clinical, with 
electrocardiographic changes. 

Thus, Walls (1947) reported myocarditis in a 
34-year-oId woman with a pregnancy of three 
montlis’ duration. The clinical diagnosis was toxic 
myocarditis. Szekely and Snaith (1947) clini- 
cally studied the heart m 19 unselccted cases of 
toxemia of pregnancy. They concluded that car- 
diac involvement is not uncommonly a complica- 
tion of toxemia of pregnancy, some of the unusual 
types of heart failure occurring late in pregnancy 
and in tlie early puerperium. Some women, who 
suffer postpartum vascular collapse, may actually 
have toxemia of pregnancy witli associated myo- 
cardial damage. 

Couley and associates (1937) reported death 
in 3 women from cardiac failure a short time 
following delivery. The myocardium of all 3 
contained moderate numbers of lymphocytes 


and macrophages, and occasional neutrophils and 
eosinophils. Teel and co-workers (1937) and 
Hull and Hafkesbriiig (1937) reported similar 
cases with postmortem evidence of my'ocarditis. 
None of tlieir patients had any valvular lesions. 

Wallace and associates (1946) reported elec- 
trocardiographic changes in women with toxemia 
of pregnancy and cardiac failure. They believed 
that the electrocardiographic changes simulated 
those occasionally observed in acute nephritis. 
They stated that focal myocardial necrosis, 
edema, and cellular infiltration secondary to tox- 
emia of pregnancy may give an electrocardio- 
graphic picture which simulates that of acute 
nephritis or of an atypical acute myocardial in- 
farct Melvnn (1947) noted that “postpartal heart 
disease” had already been desenbed by \'irchow. 
He pointed out that in autopsied cases, the heart 
was dilated, slightly hypertrophied, and had 
microscopic foci of necrosis. 

Fungous Infections 

Since the introduction of antibiotics into 
clinical medicine, yeast and fungous infections 
of the myocardium, particularly moniliasis 
and aspergillosis, have increased somewhat in 
numl>er. It has been said repeatedly that, 
following treatment with antibiotics, fungi 
that are ordinarily nonpathogcnic may be- 
come pathogenic after disappearance of bac- 
teria. 

Blastomycosis. Kirch (1927) pointed out 
that rarely tlie heart may be involved in gen- 
eralized blastomycosis. He cited the older 
literature but did not mention LeCount's re- 
port (1915) of a case in which about 1(X) 
miliary nodules were found in the epicardium 
and the histologic examination showed in- 
volvement only of the superficial jiarts of the 
myocardium. 

Stober (1914) studied systemic blastomycosis 
and desenbed lesions in the myocardium in liis 
Case 6, but in the summary of his report he men- 
tioned that myocarditis was found “in a few.” 
Coupal (1924) found several abscesses in the left 
ventricle and the left atrium. The abscess con- 
tained huge organisms. The wall of the abscess 
was made up chiefly of small mononuclear cells 
and basophilic giant cells, and was diffusely in- 
filtrated by young fibroblasb'c cells. MedUr 
(1927) reported instances of pulmonary blasto- 
mycosis, stressing llie similarity of this condition 
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lo tuberculosis. The heart on histoJogic examina- 
tion showed a small tuberculoid structure com- 
posed entirely of mononuclear leukocytes with 3 
yeast-like bodies, resembling Torula. Baker and 
Brian studied 2 instances of blastomycosis of the 
heart. In one patient, a firm nodule was present 
in the right atrium, the surface of which pre- 
sented smaller elevations and ulcers. Histologi- 
cally, )ust beneatli the inner surface of the nodule, 
in the wall of the right atrium, were caseous 
areas containing blastomycetes. The second heart 
showed large areas of necrosis contaimng numer- 
ous blastomycetes and comparatively few poly- 
morphonuclear neutrophilic leukocytes. Organ- 
isms were noted within tlie giant cells. Nfartin 
and Smith (1939), in a review of the literature 
on blastomycosis, stated that the heart was in- 
volved in 9 instances, the lesion having been 
found in the pericardium, myocardium and endo- 
cardium. They believed that it is possible for the 
cardiac lesions to develop by means of retrograde 
lymphatic extension. 

Aspergillosis. Grekin and associates (1950) 
found granulomata in the myocardium and in 
the subendocardial regions which contained 
sporulating hyphae of Aspergillus fumigatus. We 
have seen 2 instances of this infection in patients 
who had been treated extensively with penicillin 
for an upper respiratory tract infection. 

Actinomycosis. The rarity of cardiac actino- 
mycosis may be inferred fiom the report by San- 
ford and Voelker (1925) who reviewed 670 
cases of actinomycosis in the United States. In 
not a single instance was the heart involved. 

Kirch (1927) also stressed the rarity of this 
condition, suggesting that the infection may 
reach the heart either as a result of hematogenous 
metastasis in instances of so-called generalized 
actinomycosis or may extend to the ni>ocardium 
after a primary involvement of the neighboring 
structures. Primary actinomycosis of the organs 
of the neck also may extend to the mediastinum 
and thence to the myocardium. 

Kasper and Pinner (1930) cited 475 instances 
of actinomycosis, in 5 of svhich there w.»s a record 
of myoc.'irdial involvement. Edwards (1931), 
discussing actinomycosis in children, reported 
that the myocardium of a lO-ycar-old boy con- 
t.iined numerous minute abscesses, particularly 
within the right ventricular wall. The actinomy- 
cosis was primary m the bronchioles and ex- 
tended secondarily into the heart (see also page 
725). 

Cryptococcosis (Torulosis). Crone and associ- 


ates (1937) reviewed the subject of cryptococ- 
cosis. Among the organs involved in torulosis 
were the central nervous system and meninges, 
luugs, liver, spleen, adrenal glands, kidneys, 
testes, abdominal, thoracic and axillary lymph 
nodes, bone mairow and periosteum. The myo- 
cardium was not mentioned as a site of infection. 

Candidiasis (Moniliasis). Polayes (1940) re- 
ported an instance of subacute endocarditis with 
systemic moniliasis. A cauliflower-hke massive 
vegetabon, composed of monilia, leukocytes and 
fibrin situated on the posterior cusp of the aortic 
valve, bulged into the right atrial waU, perforat- 
ing at a point just above the medial leaflet of the 
tricuspid valve. Acute interstitial myocarditis was 
also present. 

Histoplasmosis. Histoplasmosis ( reticulo-endo- 
thelial cylomycosis) may cause myocarditis. In 
Crumrine and Kessel’s case (1931), the heart 
had a gelatinous coating with several vague 
white nodules suggestive of tubercles over the 
anterior surface near tlie base. However, micro- 
scopically the heart showed no orgamsm. Dodd 
and Tompkins (1934), reporting infection in an 
infant, stated that the parasites were demon- 
strated in all of the organs involved and in smears 
of the cardiac blood. Large mononuclear cells 
were found m practically all the tissues. The most 
conspicuous lesions were in the liver, lungs, 
spleen, lymph nodes and bone marrow. Hum- 
phrey (1940) reported 2 instances. In the first, 
microscopic examination of the myocardium re- 
vealed several large areas containing cells packed 
With organisms, numerous plasma cells and ap- 
parently immature lyTOphocytes. Some of these 
areas were so extensive as to cover a low-power 
field. The organisms (small coccoid dark-staining 
bodies with white haloes or capsules about them) 
were found in macrophages. In the second in- 
stance, no organisms were found in the sections 
of the heart. Kuzma (1947) described interstitial 
myocarditis with granulomatous are.'is in which 
there were macrophages coiita/nmg Histoplasnu. 
Mcnon and Hao Prasada (191.5) recorded the 
prescn«j of largo caseous .Tiid conglonicralo tu- 
berculoid lesions situated near the junction of 
tlie septum ivith the pars mcmhcanacea, which 
lud caused complete heart block; another lesion 
was present within the septum but situated closer 
to the apex. 

Coccidioidomycosis. Reingold (1950) found 
granulomatous myocardial lesions in 3 patients 
with dissemiiutcd imccidioidomycosis. In 1 heart 
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Figure X-50. Cocudioiclom>cosi$ of myocardium Hcma(o\ybn ojid cosin X37S. (Courtesy 
of Dr I. M. Reingold and The Williams and Wilkins Co.. Balumorc Reprinted from Am, J. 
Chn. Path.. 20.1W4. 1950 ) 


the organisms were found within the granulomato. 
(See Figure X-50.) 

For a discussion of myocarditis in parasitic 
diseases, see Chapter XL 

RJieiimatoid Arthritis 

Afyocarditis in rheumatic fever has been 
discussed in Chapter IX. Mention must be 
made here, however, of myocardial diangcs 
encountered in so-called rheumatoid artliritis. 
Unusual cardiac lesions associated with lliis 
disease were described by Baggenstoss and 
Rosenberg (1944). Focal collections of 
lymphocytes, plasma cells and reticular cells 
w'ere scattered tliroughout the interventric- 
ular septum. In 2 instances, evidence of 
healed rheumatic myocarditis was inferred 
from the presence of perivascular “onion-skin” 
scars. However, more characteristic changes 
were found in the endocardium. The pre- 
dominating structural unit of tlus inflamma- 
tory process ^v.as roughly spherical. The cen- 
tral zone consisted of an acidophilic, appar- 
ently necrotic tissue in wlUch, however, a 


distinct reticular or collagenous framework 
was still recognizable. Adjacent to the ne- 
crotic center was a zone of large, elongated, 
radially directed cells witli large pale-staining 
nuclei and faintly basophilic cytoplasm. Many 
cells were muUinucleated. The most striking 
features of these cells were their large size 
and their radial or palisade arrangement. 
Peripheral to the intermediate zone of pali- 
saded cells was a broad and imperfectly de- 
marcated zone of inflammatory reaction. 
These nodules are most often found in the 
endocardium, but occasionally extend into the 
m>x)cardium. (See also page 686.) 

In a report by Gruenwald (1948), the endo- 
cardium and muscular wall of the right atrium 
had been completely replaced in some areas by 
this granulation tissue. Mallory’s stain for colla- 
genous fibers and Gomori’s method of siher im- 
pregnation re\ealed large numbers of fibers in all 
layers of the granuloma. 

In a study of 16 patients with rheumatoid arth- 
ntis, Sinclair and Cruicksliank (1956) found 
widespread systemic involvement. Granulomata 
of the heart were encountered 5 times, rheumatoid 
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endocarditis was seen in 8 patients, and some 
combination of myocarditis, coronary arteritis or 
pericarditis was present in 5 patients all of whom 
showed clinical features of cardiac involvement 
The lesions in the myocardium were characterized 
by both granulomatous and nonspecific types of 
inflammation. The authors suggested that if 
tissues other than the joints are involved, the 
condition should ratlier be termed “rheumatoid 
disease.” They did not regard the changes en- 
countered to be characteristic of a collagen dis- 
ease. 

While not related to rheumatoid arthritis, 
the occurrence of myocardial changes in Lib- 
man-Sacks endocarditis, lupus erythematosus, 
dermatomyositis, and scleroderma may be dis- 
cussed here. For a fuller discussion of changes 
in the myocardium in Libman-Sacks endo- 
carditis, see Chapter on Endocarditis. 

Libman-Sacks Disease and Lupus 
Erythematosus 

Dermatomyositis and Scleroderma 

LibrnamSacks Disease. Libman and Sacks 
(1923), in their description of a special type 
of valvular and mural endocarditis, found that 
microscopically, the endocarditic process had 
invaded the adjacent myocardium rather 
deeply, with destruction and replacement of 
many muscle fibers, foci of round cell infiltra* 
tion and extreme fibrosis. 

Gross (1940) principally found vascular altera- 
tions in the blood vessels of the myocardium 
Granular plugs were often seen in the lumina 
of the myocardial arterioles and venules (platelet 
thrombi). Also present were foci of interstitial 
inflammation consisting of polymorphonuclear 
leukocytes, lymphocytes, macrophages and 
plasma cells. He also described changes in lupus 
erythematosus in which the principal cells in the 
myocardium w ere plasma cells and peculiar large 
mononuclear cells, in addition to numerous his- 
tiocytes and fibroblasts. Klemperer and associates 
(1941) stated that in lupus erythematosus altera- 
tions of the collagen are often encountered in the 
myocardium. The fibers appear suolleii and stain 
deeply with cosin, and usually infiltrations of 
lymphocytes are found. Fibrinoid degeneration 
and necrosis of the walls of small arteries arc also 
encountered, but myocarditis is not common. 

Humphreys (1948) found focal myocarditis 
in most of tlie 21 cases of lupus erythematosus 


which she reported. In tiie mildest cases, the 
lesions were indistinguishable from minor scar- 
nng of rheumatic or alheiosclerotic disease, or 
weae indetennin.'ite small exudative lesions of 
doubtful significance. Obviously, these may have 
been unrelated to the main disease. More signifi- 
cant were the fine scars, like those of small in- 
farcts, the increased density of collagen along 
many or most of the intermuscuhir septa, and the 
thickened sm.ill artenes. Fresh fibrinoid necrosis 
of collagen or of vessel walls was easily demon- 
strable in the more severe cases. In a considerable 
number of hearts, there was marked loosening of 
the fibrous substiuice and fatty degenerabon of 
myocardial fibers. No acbve rheumatic lesions 
were seen. 

Dermatomyositis. Kinney and Maher 
(1940) made an extensive study of 2 patients 
witli dermatomyositis (Figure X-51). In 1 of 
their patients, the muscle fibers of the left 
ventricle were separated by edema. An area 
of more severe edema, with interstitial infil- 
tration of lymphocytes, imperceptibly merged 
with the relatively uninvolved myocardium. 
Tliroughout this area were patches of muscle 



Figure X-31. .\I)oc.nrdilis aviociated with chronic 
dcnnaluinyosibs. .X 1-10. (WCCH, 53 I’ 369.) 
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Figure X-52. Mjocardibs m subacute bacterial enilo* 
carditis. Note perivascular infiltratioa of I>TOpho- 
c>'tes. Hematosylin and eonn. X200. 


fibers whicli were poorly stained and showed 
loss of cross-striation. Large numbers of small 
lymphocytes, together with a few monocytes, 
were present betw’een the muscle fibers and 
surrounding the blood vessels. Within the 
myocardium of the right ventricle were found 
occasional polymorphonuclear leukocytes, to- 
gether witli fibroblasts, proliferating capil- 
laries and muscular debris. In their second 
case, they found, in tlie myocardium of the 
left ventricle, infiltrations of lymphocytes with 
minimal degeneration of muscle fibers, accom- 
panied by an increase of fibrous connective 
tissue. 

Scleroderma. In this connection, it may be 
appropriate to mention myocardial changes 
tliat occur in cases of scleroderma, principally' 
because of the relationship between dermato- 
myositis and diffuse scleroderma, as discussed 
by Brock (1934). Weiss and associates (1943) 
reported in detail tlie postmortem findings in 
2 patients with generalized scleroderma. 
Tliese patients were part of a group of 9, all 
of whom had signs and symptoms of heart 
disease. Tlie authors concluded that both the 
clinical and patliulogic studies indicated that 
the sclerodermatous process is not confined 
to the skin but involves all organs. Tlie car- 
diac failure is caused by myocardial scarring. 
Tlie scars were unusually %'ascular and it was 
thought tliat they bore more rcsemblant^ to 
granulation tissue tlian to scars resulting from 
atherosclerosis or old myocardial infarction. 
No infarcts or deposits of hemosiderin were 
encountered. One of the hearts contained 


many fibroblasts but only an occasional lym- 
phocyte and mononuclear cell in a few' foci. 

East and Oram { 1947) also reported a case of 
scleroderma. Scattered throughout the myocar- 
dium were numerous areas of fibrosis. Tlie patient 
had complete heart block and died from heart 
failure. They believed that, for some unknown 
reason, the cardiac muscle fibers disappeared in 
patches and were replaced by new connective 
tissue. They remarked that their concept of the 
disease “might be summarized by the title of one 
of Strauss’ tone poems, Death and Transfigura- 
tion.” 

My’ocarditis in acute bacterial endocarditis 
and subacute bacterial endocarditis (Figure 
X-52) has been discussed in connection with 
the endocardial lesions. 

Isolated Myocarditis. Allergic Myocarditis 

Isolated myocarditis is one of the most in- 
teresting types of myocarditis. It is of un- 
known origin, not accompanied by endocar- 
ditis or pericarditis, and occurs in patients 
who have no primary disease that may be 
correlated with the myocarditis. It may be 
present in an apparently healtliy person who, 
more or less suddenly, develops progressive 
myocardial weakness and succumbs quickly. 

Clinically, the outstanding manifestab'ons are 
progressive myocardial failure with a weak rapid 
pulse, low arterial pressure, and an increase m 
the area of cardiac dullness. Electrocardiographic 
changes are often encountered but usually mis- 
mlerpreled. Precordia! pain may be present. The 
disease may occur at any age, although young 
people seem more frequently affected. Therefore, 
atherosclerotic heart disease can usually be ruled 
out. There is no history of rheumatic fever. The 
patients often die unexpectedly, as did 10 of 13 
patients reported by Saphir (19-12b). 

Nomenclature. Earlier writers have used 
llie terms “Fiedler’s myocarditis,” “interstitial,” 
“circumscribed,” "diffuse,” “isolated,” “idio- 
pathic,” “pernicious” and “granulomatous,” 
singly or in combination, to describe the dis- 
ease. Although Fiedler (1899) termed this 
myocarditis “acute interstitial,” it is clear from 
Fiedler’s report that Sclimorl, who studied 
the hearts of Fiedler’s cases microscopically, 
described parenchymatous changes also in 
some of tliese with outspoken necrosis. 'Tlie 
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2 cases reported by Ware and Chapman 
(1947), termed “chronic fibroblastic myocar- 
ditis,” may also be classified as isolated myo- 
carditis since they resemble those described 
by Boikan (1931) as pernicious myocarditis. 
However, these authors stated tliat it is pos- 
sible that the etiology of this myocarditis may 
be traced to some acute or clironic infectious 
disease. Scott and Saphir (1929), who were 
the first to report cases in the American litera- 
ture, referred to “isolated myocarditis.” 

The literature on this subject has been re- 
\'iewed previously. Among relevant reports may 
be mentioned those of Covey (1942); Didion 
(1943), Hertzog and Hayford (1947); Marcuse 
(1947), House (1948), Tedeschi and Stevenson 
(1951), and Williams and associates (1953). 
Isolated myocarditis has often been reported In 
children (Bluhdorn, 1924, Kenny and Sanes, 
1933; Maslow and Lederer, 1933; Lindberg, 
1938, Smith and Stephens, 1938, Greenebaum 
et al., 1941, Conlin and Mantz, 1953; and 
others). Saphir and co-workers (1944) referred 
to 41 such instances. Myocarditis was present in 
8 children who were among the 36 patients of 
Marcuse’s series, and House recorded its occur- 
rence in 4 children. Jones and Marshall (1948) 
and Raeburn (1948) foxmd this type of myocar- 
ditis in an 11-month-oId infant, and Drennan 
(1933), in newborn infants. 

Pathologic Features. Grossly, the liearls 
are usually enlarged and dilated. Kiss (1947) 
emphasized tlie occurrence of hypertrophy in 
hearts having myocarditis. The myocardium 
is pale gray, often tinged faintly yellow with 
fine gray or red streaks. Histologically, the 
lesions are either diffuse or circumscribed and 
principally interstitial in location, altliougli 
rarely the heart muscle fibers may be in- 
volved. In general, no characteristic cellular 
accumulations are present, nor does one par- 
ticular type of cell predominate (Figure X- 
53). 

Only Marcuse stated that he constantly found 
in Ills cases elongated cells uith distorted nuclei, 
morpljologically not identical UTlh Aschoff cells 
or Anitsclikow ni>oc>tes. Usually lympbocylcs 
and endothelial leukoc> tes arc tlic most com- 
monly encountered cells (Figures X-54 and 35). 
Polymorphonuclear and eosinophilic leukocytes, 
however, arc also present, and Sapliir Utouglil 


that mast cells, which are normally found within 
the interstitial tissue of the myocardium, seemed 
more numerous tlian normal. Transitions from the 
inffammatory cellular exudate to scar tissue aie 
often found. House's first case disclosed wide- 
spread and diffuse loss of cardiac musculature 
xvith moderate infiltration of polymorphonuclear 
leukocytes, lymphocytes, plasma cells, macro- 
phages and large mononuclear cells. The majority 
of the muscle fibers had been replaced by young 
granulomatous tissue. He suggested coronary oc- 
clusion as a possible factor, even though a care- 
ful examination did not reveal any such lesion. 
Because of the age of the patient (21 days), 
House abo considered an infectious process de- 
veloping jfi ittero. 

Isolated myocarditis has also been reported in 
infants and children (see Tedeschi and Steven- 
son. 1951; Williams et al., 1952; and Drennan, 
1953). Apparently in recent years, the number 
of such reports has increased, We also have seen 
an increase in the number of cases of isolated 
myocarditis in children. However, some of the 
reports probably represent viral myocarditis, e\ en 
though the causative virus was not demonstrated. 

Granulomatous Myocarditis. In other in- 
stances of isolated myocarditis, granulomas 
with giant cells are encountered {Figure 
X-49). Neither tubercle bacilli nor spi- 
rochetes can be demonstrated in these hearts, 
although a history of tuberculosis or syphilis 
may be obtained (Taussig and Oppenheimor, 
1936), In such instances, there usually are 
smaller or larger areas of necrosis at the pe- 
riphery of which many lymphocytes, eosino- 
philic leukocytes and a few endothelial leuko- 



FiguFC \-o3. Isolated myocarditis. Xotc that in- 
OainmaloTy ctrlh are mainly lympitocytcs and only a 
few arc “turdi.ic histiocyles.” Hi'iiulunylm and fosiu. 
X3:5. 
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cytcs are present, but there is no particular 
predominance of any of these types of cells. 
Likewise, tlie necrosis may be insignificant. 
The number of giant cells is conspicuous and 
their nuclei are arranged more or less toward 
tlie periphery. Some of tlicse ^ant cells re- 
semble those seen in tuberculosis, while many 
others are ty'pical muscle giant cells- Numer- 
ous circumscribed areas contain no necrosis 
but consist of I>Tnphocyles, eosinophilic leuko- 
cytes, and a few giant cells (Figure X-56). 
Tliese regions are richly vascularized, with 
thin-wallcd vessels. Tlie adjacent myocardium 
discloses a diffuse infiltration, predominantly 
of eosinophilic leukocytes and lymphocytes. 
Again, neither spirochetes nor tubercle bacilli 
are demonstrable. Because tlie lesions often 
contain many giant cells but no out^oken 
granulomas, the term “giant cell m) ocardilis” 
may be preferred to “granulomatous myocar- 
ditis." 

Earlier reports of this type of in)ocardiUs 
were made by Salty kosv (1905); Baumgailner 
(1915); and yon Gierke (1921); and relevant 
reports ha\e been given by Miller (1933); Slid 


(1936) who revievyed the literature; Magaer 
(1939); Hansrnann and Schenken (1938); Jonas 
(1939); Saphir (1942b); Kean and Hoekenga 
(1952), and Goldberg (1955). 

Other Conditions. In discussing Millers 
case, Liliie tetnasked that in 

mental tularemia a granulomatous inyt>' 
carditis is not infrequently found. This is 
interesting because the question immediately 
arises whetlier there may be other infectious 
diseases that also produce granulomatous le- 
sions. in yyhicli tlie causative organism cannot 
be demonstrated. Blastomycosis can be ruled 
out because blastomyceles are recognizable 
in sections. Sidorov (1935) reported a case of 
granulomatous myocarditis caused by Balen- 
iidium coU and demonstrated the organism- 

Trichinous myocarditis usually does not 
have a cbaxacteristic JiistoJogic picture, 21 I* 
though occasionally a stray young larva may 
be found in the myocardium (see Figures XI* 
3 and 6). Trichina larvae, however, never en- 
cyst in the my'ocardium (Gould; see page 
831). Histologically, the myocardium (Fig- 
ure X-o7) shows focal or diffuse infiltrations 
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of neutrophilic leukocytes, lymphocytes, and 
a few mononuclear leukocytes and plasma 
cells. Usually many eosinophilic leukocytes 
are also present, although their absence is 
occasionally stressed. In isolated (Fiedler’s) 
myocarditis, also, a predominance of eosino- 
phils may be rarely noted (Magner, 1939). 
The muscle fibers are degenerated or actually 
necrotic. The absence of the larvae, as stated 
above, does not preclude a diagnosis of trich- 
inous myocarditis. 

In a personal obseivation, small granulomatous 
lesions were found in the myocardium in a case 
in which TnehineUa spiralis >vas encountered in 
the diaphragm. Histologically, the changes in 
the myocardium lesembled those which aie seen 
in granulomatous myocarditis and in diffuse iso- 
lated myocarditis. Only the discovery of trichinae 
in the diaphragm prevented us from classifying 
this as isolated myocaiditis. Weller and Shaw 
(1932) also noted the similaiity of these two 
conditions, but Libman questioned the similarity 
of “eosinophilic” and isolated myocarditis, as le- 
ported by Smith and Stephens (1938). TIuis, it 
seems clear that if attention is focused on the 
heart only, not only trichinous myocarditis, but 


perhaps also other types, may well be confused 
with isolated myocarditis. On the other hand, 
the question must be raised if in some instances 
isolated, particularly granulomatous, myocarditis 
may not result from one of the known causes of 
inflammation. 

Myocarditis may be found m association with 
toxoplasnwsis (Figure X-58A and B). Since the 
parasites are usually not recognized in the sec- 
tions, tills form of myocarditis may be confused 
with isolated myocarditis. PauIIey and associates 
(1956) discussed focal myocarditis caused by 
Toxoplasma. They found that myocarditis may be 
the only sequela of an earlier infection. The myo- 
carditis shows no characteristic features, but only 
excessive interstitial fibrosis. In their cases the 
serologic test and tlie complement-fixation test 
for Toxoplasma were positive. (See also page 
829 and Figure XI-3.) 

Myocarditis m Chagas’ disease, in the absence 
of organisms, may be confused with isolated myo- 
carditis. Laranja and associates (1956) studied 
the clinical, epidemiologic and pathologic aspects 
of Chagas’ disease and presented the autopsy 
findings in 21 cases. The outstanding changes 
were dilatation and hypertrophy of the heart, par- 
ticularly of the right atrium and ventricle, focal 
endocardia] fibrosis, mural thrombosis, dissemin- 
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Figure X-30. Ciiitil cell graiiuIonMlotu mynconlitu. .\-l35. (Courto'y of Amur} 
Forcev Institute of Pathology, Acc. 83,4-18.) 
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Figure X<g7. Tnchinous m>ocaTd)tis. X175. (From Couid. S. £.: 
rric/iiHOStj, Tbuinas, 1943.) 


tiled inflammatory changes of the myocardium initial changes may be of serous infiammation, 

(with presence of I>Tnphoc>tes, plasma cells, similar to those foimd by Wenckebach (1934) in 

macrophages, eosinopluls and polymorphonuclear the beriberi heart, and described by Rossle 

leukocytes), and degeneration and fibrosis of the (1934), and Eppinger and associates (1935). It 

myocardium. A gratiulomatous form of myxKar- is thought tliat the serous exudate of this type of 

ditis was found in 5 cases. Leishmanial forms of myocarditis stimulates growtli of connecUie tis- 

Scliizoinjpanum cruzi were present in all cases, sue, and that marked fibrosis ensues, 
sometimes in macrophages. They were found with The myocarditis described by Boikaii (1931) 
ease in 3 cases and with diificulty in Uie re- and by Lindberg (1938) may perhaps hase 

inainder. Venous hyperemia and obhterati\e ^ovvii a “serous” component in its iniltdl stage, 

changes of the sirull and medium-sized brandies Smith and Furth ( 1943) remarked on the rcla- 

of coronary arteries were seen in some coses. |jon of isolated myocarditis to the benberi heart. 

These changes, together with the foc;il endocar- Eppinger and associates also mentioned bums as 

dial fibrosis obsiously blocking thebesian sons, possible causes of serous infLimrnatiou. Cases of 

were held responsible for myocardial ischemia and isolated myocardiUs are likewise reported in 

the conseqe-nnt fibrosis. which bums are suggested as die possible elio- 

It might he of interest to mention that u du-omc logic agent (Zuppiugcr, 1901; Kaufmami, 1922). 
typo of myocarditis, which probably falls into A number of attempts ha\c been made to 
the classification of isolated myocarditis, was de- identify isolated myocarditis as a type produced 
senbed in a young camel dial died unexpectedly by chemicals, sucli as sulfa drugs, and also as the 
(Stunzi, 1947). Tlic lesion consisted of scars with result of hypcrscnsUialy. Franz (1937) described 
necrosis, many giant muscle cells, and foci of cal- myocarchal lesions which he thouglit may lia\« 
cification. been the result of the administration of cpinepti- 

Lindberg’s rcixirt of isolated myocarditis is ri«e, or were possibly caused by hypersensitivity 

nutcwurtliy because of his suggestion tiiat the to epinephrine. SiU, as early as 1936, asked if 
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isolated myocarditis might not be classified as 
“idiosyncratic-allergic,” rather than as "idiopathic” 
in the sense of unknown origin. He described 2 
instances of myocarditis which followed adminis- 
tration of neosaharsan to patients with syphibs. 
Both showed an acute eosinophilic myocarditis 
with granulomatous lesions, neither tubercle ba- 
cilli nor spirochetes could be demonstrated. In 
reviewing the literature of so-called idiopathic 
myocarditis, he believed that there might be a 
few instances which were the result of hypersen- 
sitivity, particularly those having a history of 
urticaria or exanthematous skin lesion. Fiench 
and Weller (1942) described interstitial myocar- 
ditis, with many eosinophilic cells, in the hearts 
of 128 patients whose sole common factor was 
that one or more sid/onainide drttgs had been 
administered shortly before death. Wells and Sax 
(1945) reported an instance of diffuse isolifed 
myocarditis in which sulfadiazine was regarded 
as the etiologic agent Microscopically, neutio- 
phils predominated, and there were occasional 
eosinophils and monocybc phagocytes and rare 
lymphocytes. French (1946) described histo- 


pathologic lesions in the myocardium as the result 
of hypersensitivity to sulfonamide chemotherapy. 
The characteristic cell was the acidophilic histio- 
cyte, also found were variable numbers of other 
mononuclear and polymorphonuclear cells, both 
aadophilic and neutrophilic. These were either 
perivascular in distribution or diffusely distrib 
uted between the cardiac muscle fibers Necrosis 
was neither constant nor prominent, but did oc- 
cur in the more severe cases. Cellular infiltrates 
were present throughout the walls of capillaries 
and venules. Simon (1943) summarized the 
pathologic lesions that follow administration of 
sulfotiacnide drugs. 

Rich (1942) described a case of recent pen 
aiteritis nodosa with diffuse inflammatory cell in- 
filtration of the myocardium, composed of mono- 
nuclear and polymorphonuclear cells, including 
eosinophils. Tissue from the scrotum, remoi'ed 
18 days before death and prior to administration 
of a sulfonamide, was cx.imined on biopsy. There 
had been no evidence of aaite periarteritis within 
the scrotum at that tune, but at autopsy numer- 
ous v.iscular lesions were found m the tissue im- 



Figure X-58A (left). Toxoplasmosis. Note, m upper lift qiiaclr.mt of figure, a pscu»loc)sl tn cross sec- 
tion, wtdt almost no surrounding laRjmmatory rcjctton. A high ni.igniiication of tin's pssndocj’st is 
shown in Figure XI-3 on page 829. Tlic liglit half of die figure shows st.iUcretl and ftxal m)OC.ir(IiHs. 
150. (WCCH, 58 P 360.) 

Figure .\-58B (right). InfIanimalor>’ rcacUon in mjTKanlium adiaccnt to section of psnidocjst of Toxo- 
plasma gondii. X 1080. (Courtesy Dr. Cl>-de SwarUweldir.) 
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Figure X-S9. Tuberculoma of layocardjuin projecUog into cndocarcLum. 
(Courtesy of Peder Lund, Nfedical lUustradoo Laboratory. Veterans Hos> 
pital, Hines. Illinois.) 


mediately adjacent to the region of tlie scrotum 
from which tissue had been taken for biopsy. 
Because the periarteritis was obviously tlie result 
of the hypersensitivity to a sulfonamide, the myo- 
carditis was also thus interpreted. On the other 
hand, Merkel and Crawford (1942) found no 
evidence of myocarditis in 5 patients whose death 
was attributed to sulfonamide drugs. 

Tlie relationship of hypersensitivity and 
rheumatic carditis is discussed elsewhere. It 
might be mentioned in this connection that 
Rich and Gregory (1943b) and a nvimher of 
other investigators described in their experi- 
mental animals various myocardial lesions 
which were liighly suggestive of specific le- 
sions seen in the myocardium of patients with 
rheumatic fever. Tliey emphasized that these 
lesions are the result of hypersensitive reac- 
tions of (he anaphylactic type. While /( is true 
that some of these myocardial lesions do re- 
semble Aschoff bodies, myocardial changes 
described in isolated myocarditis in no way 
resemble those seen in rheumatic myocarditis. 


Furthermore, acute panarteritis, wliich also 
occurs as one manifestation of the anaphylac- 
tic type of hyriersensitivity (Ricli, 1942.ij Rich 
and Gregory, 1943a), is not a feature of iso- 
lated myocarditis. 

Waugli (1952) described myocarditis, com- 
bined with arteritis and granuloinati ui various 
organs, which apparently resulted from sensitivity 
to peniciUm. von Albertini and Gruinbach (1938) 
Found experimentally that virulent orgunisiras 
introduced into a partially immunized animal 
produced the same type of lesions as were pro- 
duced in the normal control anim.il wiUi similar 
organisms of less virulence. For that reason they 
diought that allergy was not significant in the 
etiology of endocarditis or myocarditis. 

In an experimental study, Cray (1949) found 
cardiac lesions resembling tliose seen in rlicumatic 
hearts and also those encountered in experimental 
anaphylactic hypersensitiMty, in a high percent- 
age of TOnlrol Suiss mice. Treatment with multi- 
ple parenteral injections of egg white failed to 
influence the incidence and the seventy' of these 
lesions. Because of tlie recent interest in experi- 
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mental myocardial lesions resembling myocarditis 
seen in rheumatic fever, it was emphasized that 
such lesions may be found in normal mice. 

Jaffe (19-16, 1955) has repeatedly stated that 
chronic myocarditis in the sense of isolated or 
Fiedler’s myocarditis is exceedingly frequently 
encountered in Venezuela. However, he believes 
that this myocarditis is the result of an allergic re- 
action against necrotic myocardial fibers. Because 
the reaction of the interstitial tissues against the 
muscle necrosis is always the same, even though 
various agents might have caused the original 
necrosis of the myocardial fibers, such types of 
myocarditis are morphologically identical. Thus, 
Jaffe stated that isolated myocarditis may be 
caused by syphilis, bilharziasis, necator infesta- 
tions and also benberi and Chagas’ disease. The 
original disease which had caused the myocardial 
necrosis may no longer be demonstrable but the 
myocardial lesions may remain (Jaffe). 

Marcuse (1947) mentioned the following 
as possible causes of isolated myocarditis: 
bacterial infection, virus infection, sensitiza- 
tion to various substances, drugs causing 
increased heart action, dietary deficiency 
including general malnutrition, potassium de- 
ficiency (see page 522), combined deficiency 
of potassium and vitamin B. Viral infection 
as a cause of isolated myocarditis has been 
suggested a number of times. (See Covey, 
1942; Finland ct al., 1945; Schmidt, 1948.) 

In an extensive study, Stoeber ( 1952) pointed 
out that Fiedler's myocarditis is principally inter- 
stitial in nature, while changes in the myocardial 
fibers themselves, especially necrosis of myofibers, 
are more characteristic of viral myocarditis. We 
also have repeatedly observed necrosis of isolated 
muscle fibers in viral myocarditis. On the other 
hand, in the granulomatous variety of isolated 
myocarditis, necrosis of myofibers is common. 
However, in viral myocarditis, granulomata do 
not occur. Reports of isolated myocarditis in 
more than one member of the same family (Blan- 
shard (1953) suggest the presence of a trans- 
missable agent. Such cases may be viral myo- 
carditis misdiagnosed as isolated myocarditis, 
again pointing to the difficulties encountered in 
the differential diagnosis betucen these two types 
of myocarditis. 

In wniinnry, isolated myocarditis is a type 
of myocarditis of unknown origin which is not 
accompanied by endocarditis or pericarditis. 


It occurs in patients who have no other dis- 
ease that may be correlated with tlie myo- 
carditis. This myocarditis may also be pres- 
ent in apparently healthy persons who, more 
or Jess suddenly', dev'eJop progressive myocar- 
dial weakness and quickly succumb. Ana- 
tomically, isolated myocarditis does not vary 
in histologic detail from the lesion that is 
occasionally encountered in the course of 
acute infectious diseases. A diffuse and a 
granulomatous type can be distinguished. 
The latter is much rarer, and morplioJogically 
resembles somewhat the granulomata of tu- 
berculosis and syphilis. Histologically, mus- 
cle giant cells are often recognized. AlthougJi 
nothing is known as to the cause of either the 
diffuse or granulomatous form, it is imperative 
in every instance to examine histologically 
other organs and structures besides the heart, 
in search of the causative agent, as in trichino- 
sis and tularemia. Hypersensitivity to various 
chemical compounds, certain vitamin deficien- 
cies, allergic reaction to either necrotic mus- 
cle fibers or some otlier agent, or a virus 
infection, have been regarded as responsible. 
However, it would seem w’iser to classify 
myocarditis of unknown origin, not as isolated 
myocarditis, but as “hyperergic” or "ehern- 
ical,” as the case may be. With increasing 
knowledge, the diagnosis of “isolated myocar- 
ditis” will become less frequent. 

Ttiberculosts 

Horn and Saphir in 1935 reviewed the 
literature on involvement of the myocardium 
in tuberculosis. Three main types can be dis- 
tinguished, namely, the nodular (Figure X- 
59), the miliary, and the diffuse infiltrative 
types. Tlie latter should be accepted only if 
tlie histologic changes are undoubtedly char- 
acteristic of tuberculosis, or if the tubercle 
bacillus can be demonstrated either by 
guinea-pig inoculation, culture, or staining 
methods. Otherwise, this form of tuberculosis 
cannot be distinguished from the so-called 
specific pnxiuctivo inyoc.irditis (S.iItykow, 
1914). For similar reasons, it is dilficuU to 
attribute to a tuberculous origin, fibrous myo- 
cardial lesions which may ho present in the 
heart of a person dying of tulnTCulosis. 
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Hence, the term “chronic interstitial tubercu- 
lous myocarditis” should be discarded. 

Horn and Saphir (1935) reported 
tuberculosis of the m>ocardium in 3 children, 1 
of whom also had a conglomerate tubercle of the 
heart. The literature discloses tliat most instances 
of miliary tubercles in the in>oc.irdiuin occur in 
cluldren. This mav indicate that it is easier to 
find miliary tubercles in the hearts of young per- 
sons dying of miliary Inberculosis because of the 
relatively larger are<is examined hislologically. 

Among 97 children with myocarditis studied by 
Saphir and associates (194-t), myocarditis was 
associated with tuberculosis 4 times. Actual tu- 
bercles were found in 2 infants. Both Iml diiftise 
miliary tuberculosis and I of them had tubercu- 
lous leptomeningitis. In 2 other cliildfcn, 2 
months and 6 years old, rcspccliiely, who also 
had diffuse miliary tuberculosis, the inflainm.'ilion 
in the myocardium was diffuse and nonspecific. 
These lesions were predommantly perivascular. 
Tubercle bacilli could not be demonstrated in 
these hearts and the myocarditis cannot be classi- 
fied as "tuberculous.” The clinical findings in 
these 2 uifants did not differ appreciably from 
those of the 2 previously mentioneil children who 
had tubercles in the myocardium, or from those 
of children who had the same type of generalized 
tuberculosis but no my'ocardial invoKcment. 

Nonspecific infiammatory cells obsened in the 
myocardium of tuberculous patients may resem- 
ble those seen in Aschoff bodies (Nfasugi ct al.. 
1937). Roberts and Lisa (1943) discussed the 
relationship of these nonspecific inflammatory le- 
sions to the lesions seen in rheumatic fever. It 
must be realized, first, tliat it is always yiossible 
to encounter tubercles and Aschoff bodies in the 
same heart and, second, that simply because a 
lesion resembles an Aschoff body morphologically 
IS no proof that the lesion in question signifies 
rheumatic fever. Apparently because of this re- 
semblance and because of tlie finding of tuber- 
cles and Aschoff bodies in die same licart, Masugi 
and his associates suggested diat rheumatic fever 
might be of tuberculous origin. 

Amersbach and assodates (1931) reported the 
presence of tubercle bacilli in tonsillar tissues in 
patients with recurrent rheumatic ardmtis. It 
seems probable that these authors were dealing 
with patients who had both diseases. 

It has also been suggested that morphologically 
nonspecific inflammation in the myocardium in 
tuberculosis may be the result of a secondary non- 
hiberculous infection. Tliis seems more logical 


because one occasionally finds myocarditis asso- 
ciated with other pulmonary lesions, such as bron- 
cliopiicumuiita and bronchiectasis. 

An unusual myocardial imolvcment was de- 
scribed by Jones and Tilden (1942) in an II- 
year-old girl willi tuberculous ccrvic.il lymphad- 
enitis, who died unexpectedly’. The autopsy 
disclosed conglomerate tuhcrcles in the myocar- 
dium. which had c.itised a tiiberculaus (mycotic) 
aneurysm at the base of the left vciilriclc. Dc.i(h 
resulted from nipture of the aneurysm and conse- 
quent hemoperieanlium. Tuberculous myocarditis 
with endocardial thrombosis .and subseiiucnt em- 
bolism from these thrombi luis also been reported 
by Beebe and Coleman (1915). The nodular 
variety of tuberculosis (tiibcrculonu) is the most 
frequent form (Figure X-59). Haiichwcrger and 
Rogers (1947), who reported such an instance, 
stated that Uiis form usually occurs .as yellow- 
gray, rounded, fairly firm nodules which may 
vary in size from less than a centimeter to that of 
au egg. Tlicy may be well defined or may merge 
with the surrounding parenchyma. The common 
site is the wall of the right atrium. Their ability 
to produce symptoms, of course, depends upon 
their size and location. With a few notable ex- 
ceptions, most of the reported ca-scs have been 
without subjective or objective signs of cardiac 
involvement. Rosenbaum and Linn (1948) also 
found, In the reported cases, that the wall of the 
right atnum is the most common site of nodular 
tuberculosis. They reported an instance of tuber- 
culoma of the interatrial septum of the heart. 

In a patient with paroxysmal ventricular tachy- 
cardia Schnitzer (1947) found, at autopsy, 
miliary tuberculosis of the myocardium involving 
the interventricular septum. 

Sarcoiffosis 

The myocardium may bo involved in 
sarcoidosis. Sapliir (1942a) lias referred to 
the older literature. Johnson and Jason 
(1944) thought that perhaps some of the 
cases reported as “granulomatous myocardi- 
tis” (isolated myocarditis; see above) inigbt 
have been examples of sarcoidosis of tlie myo- 
cardium. 

Scotti and McKeowm (1948) referred to 12 
such instances reported in the literature, and 
reported a case of their own. The epicardium or 
pericardium was involved 3 times, the myocar- 
dium alone 3 times and the pericardium and my’o- 
cardium 7 times. Three of these 13 patients died 
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unexpectedly. Grossly, the myocardium was dark 
brown and firm and showed no abnormalihes. 
Microscopically, nodules composed of epithelioid 
cells, lymphocytes, and occasional giant cells were 
found m the subepicardial fat. One of these 
nodules was adjacent to a coronary artery but 
did not inv’olve its wall. Multiple granulomas 
were present m sections of the myocardium of the 
left atrium, m the interventricular septum, and 
in the papillary muscles and the wall of the left 
ventricle. In some cases, small collections of 
l>mphocytes without other cellular components 
were also seen in the myocardium. Granuloma- 
tous lesions were also noted in lymph nodes, lungs, 
liver and the prostate gland. Unexpected death 
was attributed to the active lesions and to prom- 
inent fibrosis extensively involving the myocar- 
dium. Ricker and Clark ^1949), in a review of 
sarcoidosis, found the heart involved only twice 
among 195 cases. Stephen (1954) reported sud- 
den death of a patient with sarcoidosis which in- 
volved the myocardium. Peacock and associates 
(1957) reviewed 28 cases of sarcoidosis in which 
typical granulomatous lesions were seen in the 
myocardium, and added a case of their own. They 
emphasized that sarcoid nodules may be asso- 
ciated with heart block and may be responsible 
for unexpected death. 

Syp/u7w 

It is still controversial whether syphilis may 
involve the myocardium in the form of a non- 
specific subacute or chronic inflammation. 
Excluding congenital syphilis of the heart, 
gummas in the myocardium or gummatous 
myocarditis (microscopic gummas), the con- 
troversy centers about the possible occurrence 
of a diffuse myocarditis that may be brought 
about by the presence of tlie Treponema pal- 
lidum 

In 1932 Saphir reviewed the literature pertain- 
ing to so-called “clironic syphilitic myocarditis” 
and listed tlie characteristics of syphilitic mycxxir- 
ditis as recorded in the literature. A critical con- 
sideration revealed tliat, morphologically, this 
diagnosis could not be made in any of the re- 
viewed cases in the absence of gummas. lie sum- 
marized tlie findings in 130 hearts which liad 
associated syphilitic aortitis and insufficiency 
the aortic valve. The myocardium in these hearts 
showed no morphologic changes whicli could be 
interpreted as syiihilitic. All the cliaiigcs observed 


might be encountered in other conditions. In thi s 
study die findings of Warthin, who believed that 
syphilitic myocarditis is a frequent finding, vvere 
analyzed. Attempts were made to duplicate War- 
thin’s (1918) demonstration of spirochetes. (For 
references to Warthin’s extensive studies, see 
Saphir, 1932.) Using die autopsy material at the 
Michael Reese Hospital and employing first War- 
thins staining method and later a special tech- 
nique devised m the laboratory of this hospital 
(Garvin, 1938), a dihgent search proved futile, in 
none of these hearts were spirochetes found. Gore 
(1947) remarked that Warthin’s assertion that 
myocarditis is frequent in this disease has ac- 
quired a tenacious hold, with the result that phy- 
sicians are prone to make a diagnosis of syphilitic 
myocarditis. He concluded that there is an 
abimdance of irrefutable evidence tliat, except 
for a rare gumma, myocardial changes in car- 
diovascular syphilis can be attributed almost en- 
tirely to vascular changes: narrowing of the 
coronary ostia or atherosclerosis Gore (1947) 
confirmed these observations in a review of ma- 
terial available at the Armed Forces Institute of 
Pathology. 

As far as the patient w’lth syphilitic heart dis- 
ease is concerned, it cannot be overemphasized 
tliat in every case, sooner or later, the heart will 
be fatally damaged (Norris, 1937). From the 
point of view of the clinician, it does not make 
much difference whether the myocardial damage 
is the result of primary changes at the mouths of 
the coronary arteries resulting from syphilitic 
aortitis, or is caused by primary inflammatory 
changes in the myocardiatn itself. Hew'ev'er, it 
seems clear, from numerous reports and from 
clinical observations in general, that vvlien die 
blood supply of the heart is restricted, particularly 
if the interference is at the orifices of Uie coronary 
arteries, the resulting condition is more serious 
than that which is caused by an inikimmatory 
process in various foci in the heart muscle other 
tfian the conduction system. For this rc.ison, the 
older clinicians aptly said that the first failure 
of a syphilitic heart is usually the last. 

Saphir (1932) has pointed out that infiltration 
by round cells, even in a perivascular location, 
and occurrence of scarred arc.is in various typ(u5 of 
myocarditis are not of themselves patliognomoiiic 
of syphilis. Myocardial inflammatory cliangcs 
may occur in syphilitic patients, but the changes 
are not necessarily syphilitic in origin. 

§ikl (193G) stated that, in a patient showing 
symptoms of myocarditis and having a positive 
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Wassermann reaction, myocarditis may or may 
not be syphilitic, since it may represent a mere 
coincidence of some nonspecific process m a pa- 
tient with venereal infection. Even the apparent 
effectiveness of antisyphihtic therapy may be mis- 
leading. 

Reifenstein (1936) reported an instance of 
acute myocarditis simulating acute myocardial in- 
farction. He pointed out that patliologists have 
been unable to distinguish the fibrous changes 
found in the myocardium m known syphilis from 
the fibrous changes found in other conditions, in- 
cluding atherosclerosis. Tliis deficiency, as well 
as the failure to find spirochetes in the myocar- 
dium, has been used as evidence against War- 
tlun’s concept that a specific form of myocarditis 
is found in syphilis. Reifenstein felt that it was 
unfortunate that the discussion on syphilis of the 
myocardium had centered around the question of 
occurrence of a specific form of myocarditis other 
than the gummatous type. He stated that there 
is no question that gummata may occur in the 
myocardium just as m other organs or structures. 
The occurrence of gummatous myocarditis is ac- 
cepted generally, the only question is whether 
there is an acquired diffuse syphilitic type of 
myocarditis in the absence of demonstrable spiro- 
chetes in the myocardium. 

From the foregoing, it is clear that a number 
of clianges are found in the myocardium in syph- 
ilitic aortitis, particularly m those also showing 
aortic insufficiency and narrowing of the mouths 
of the coronary arteries. It is also clear that a 
number of pabents who have syphihbc heart 
disease (syphilitic aorbe insufficiency or coronary 
arteritis) have acute infeebous diseases which per 
se may cause a nonspecific typ® nf myocarditis. 

Clawson (1941) examined microscopically 5 
blocks from each of 103 hearts willi syphilitic 
aortitis. A few small fibrotic areas of the type 
commonly seen in hearts with coronary sclerosis 
were encountered. Also small proliferative in- 
fiammatory areas were noted in a few liearts and 
an occasional patch of lymphocytic infiltration 
was present in a relatively small number, but 
syphilitic myocardibs w'as not mentioned. Blocks 
from 71 hearts were stained by the Lcvaditi 
metliod and examined for spirochetes, Init none 
were found. 

Norris (1939) found gray or pale white, fairly 
well-defined spots within tlie wall of the left \en- 
tricle, surrounded by zones of hyperemia which 
he regarded as characteristic of syphilitic myo- 
carditis. Histologically he encountered infiltra- 
tions of lymphocytic cells, fibroblasts with an 


occasional giant cell and many plasma cells. 
There also were many new thin-walled blood 
vessels, a number of which were surrounded by 
lymphocytes. 

Mention must also be made of tfie so-callcd 
“enbear (malignant) syphilitic myocarditis of 
Warthin (1925). Corrigan (1941) studied this 
subject and review’ed the pertinent literature. She 
reported myocardial infarcts in 5 hearts in syphi- 
litic aortitis. In 2 the infarcts were the result of 
syphihtic changes in the aorta and at the mouths 
of the coronary arteries, and in 3 they were 
caused by concomitant coronary atherosclerosis 
and thrombosis. She stressed the histologic simi- 
larity between very recent infarcts (as indicated 
by the presence of polymorphonuclear leuko- 
cytes) and the “malignant syphilitic myocarditis" 
of Warthin. 

Jaffe (1946) believed that there is a form of 
diffuse "syphihtic" myocarditis which is not pro- 
duced by spirochetes but by a local allergic re- 
action, as has been mentioned previously. He 
stated that the diagnosis can be made only in 
the presence of other syphilitic lesions in the 
body. He emphasized that tills form of myocar- 
ditis is rarely observed m Europe and in the 
United States, but is frequent in Venezuela. He 
recognized three kinds of myocardial syphilis: 
(1) diffuse myocarditis; (2) gummatous myocar- 
ditis (microscopic gummata); and (S) gross car- 
diac gummata. 

Gummata m the myocardium are rarely re- 
ported. Saplur (1932) reviewed the literature 
for tlieir incidence. Clawson in 1941 found only 
5 instances of gummata in the myocardium in 
30,265 autopsies. Spain and Johannsen (1942) 
reported 3 coses of localized gummatous myocar- 
ditis. In 1 case the gumma liad impinged on 
both the tricuspid and pulmonary valves, and in 
another case the gumma had invaded the poste- 
rior leaflet of tlie nutral valve. Kobemick (1947) 
reported a gumma of the coronary artery' and a 
gumma of tlie heart. He stated that only 100 
cases of gummata Ivad been reported in the liter- 
ature. 

From the available literature and from per- 
sonal studies, it must be concluded that the 
entity “syphilitic myocarditis,” a diffuse syi^h- 
ilitic inflammation with the presence of 
spirochetes, in acquired syphilis, is e.\tremely 
rare, if it occurs at all. This does not mean 
tliat the final word has been spoken, but it 
indicates the need for further exhaustive stud- 
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ies closely linked with the problem of syphilis 
in general. Tlie hearts of syphilitic patients 
should be subjected to a careful search for 
microscopic lesions. Every method available 
for demonstrating spirochetes should be used. 
More thorough studies of the cultural char- 
acteristics of Treponema pallidum and ani- 
mal experiments are essential, always having 
in mind the possibility of producing specific 
myocardial changes and taking into consider- 
ation the immunologic state of the host. 

Weil’s Disease (Infectious Spirochetal 
Jaundice). Mollaret and Ferroir (1935) re- 
ported an instance of fatal myocarditis in 
Weil’s disease They found swelling of tJie 
heart muscle nuclei and chromalolysis. The 
interstitial tissue was infiltrated by lympho- 
cytes and polymorphonuclear leukocytes. In 
one region a necrotic focus was demonstrated. 
They particularly emphasized the extreme 
dilatation of the capillaries. Leptospirae were 
not found in the myocardium. 

Viral Diseases 

A number of reports have appeared of myo- 
cardial changes in diseases of viral origin. Ex- 
perimental work with various viruses, identi- 
fication of certain viruses in patients who 
subsequently died with myocarditis, and 
electrocardiographic changes in p<itlents with 
well-known viral diseases have shown con- 
clusively that myocarditis occurs in viral dis- 
eases. 

Silber (1958) reported the clinical features 
in 21 patients with viral myocarditis. The 
diagnosis was based on serologic tests or was 
made presumptively by exclusion of oilier 
recognized etiology. Because of the paucity 
of reports of demonstration of the vims in 
the myocardium, he concluded that it is not 
necessary that the virus actually be located 
in the myocardium in order for the infection 
to induce the myocardial inflammation. He 
also remarked that only a few viruses produce 
morphologic lesions that are diagnostic. 

While it is true that the tissue reaction in 
itself is not diagnostic, it has already been 
pointed out that isolated necrosis of induid- 
ual muscle fibers adjacent to an inflammatory 
exudate seems to be the most characteristic 


histologic feature of viral myocarditis. The 
mere fact that only a few cases have been 
recorded in which the virus was actually culti- 
vated from the myocardium should not lead 
to the conclusion that myocarditis in viral 
diseases may occur in the absence of the virus 
in the myocardium. It should rather serve as 
a stimulus forbore concentrated studies. 

Helwig and Schmidt (1945) isolated a virus 
from a group of anthropoid apes that had died 
from inlershtial myocarditis, and were able to 
produce myocardial lesions consistently in mice. 
Schmidt (1948) reported the isolation from a 
chimpanzee dying of interstitial myocarditis, of an 
agent that produced myocaiditis and encephalitis 
ill mice and hamsters and myocarditis in guinea 
pigs (virus of “encephalo-myocarditis"). He re- 
marked that the morphologic findings in Uie 
heart duplicated, to a remarkable degree, the 
myocardial lesions found in human heart muscle 
in several viral diseases. He also suggested that 
isolated myocarditis of man (Fiedler’s myocar- 
ditis) might be caused by a virus. 

Warren (1948) found, in serums from 17 pa- 
tients will so-called S-day fever which occurred 
among Army personnel stationed in and near 
Manila, appreciable amounts of specific neutraliz- 
ing antibodies for the virus of cncephalo-myocar- 
dilis. In this connection, the work of Pearce and 
Lange (1947) may be pertinent. They found 
that the incidence and seventy of myocarditis, in 
rabbits suffering from a variety of viral infections, 
are markedly increased when these animals are 
subjected to procedures that tend to decrease the 
amount of oxygen supplied to the heart. 

Lyon (1947) emphasized that, from a clinical 
point of view, importance should be attached to 
viral myocarditis connected witJi epidemic in- 
fective hepatitis, infectious inouonucleosis, yellow 
fever, varicella, dengue, poliomyelitis, atypical 
primary pneumonia, rubeola, nie.isles, mumps and 
iiifluenza-hke infections. Because of the benign 
character of the majority of these disc.xses, myo- 
cardial involvement is usually overlooked. Ungar 
(1948) deenbed "nonpurulent my ocarditis" in 
acute epidemic cjicepitalitis, the myocardium con- 
tahiiiig infiltrations mainly of lymphocytes and of 
relatively few polymoqihomiclcar leukocytes. 

Poliomyelitis. Myocarditis is frequent in 
poliomyelitis. Saphir (1915b) found myocar- 
ditis in 10 of 17 patients who died of polio- 
myelitis. Histologically, the inflanunatorv' 
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Figure X*60. Myocarditis associated with poUoniye- 
htis. PaUent died 12 liours after onset of symptoms. 
Note almost exclusive presence of polymorphonuclear 
leukocytes. Iron-hcmalosylin. X 300. 


cells consisted principally of HTHpliocytes and 
neutrophils; occasionally diffuse infiUralions 
of polymorphonuclear leukocytes were noted. 
In patients dying within the first week of the 
infection, Uic myocardium showed tnany ncu* 
troplfflic polymorphonuclear leukocytes (Fig* 
ure X-60), sometimes massively invading tltc 
myocardium. Later more and more mono* 
nuclear cells appeared (Figure X-61). In pa- 
tients dying 4 to 6 weeks after tlic onset of 
symptoms of poliomyelitis, the myocardium 
contained many lymphocytes and monocytes, 
principally in the interstitial tissue. 

Among 35 autopsies of xlctims of poliomyelitis, 
Ludden and Edwards (19-19) found myocarditis 
in 14. Tliey pointed out tliat proof lliat the car- 
diovascular lesions in acute poliomyelitis arc 
caused by the virus of poliomyelitis, "ili depend 
on the demonstration of the virus in the lesions 
and on the experimental production of such le- 
sions. (See also Saphir and ^VJe, 1942.) Lud- 
den and Edwards observed lesions similar to those 
whicli have been described in other infectious 
diseases and in Fiedler’s myocarditis. They as- 
serted that myocarditis should be suspected in 
every patient who is seriously lU with acute polio- 
myelitis. It is interesting to note that in one of 
their cases there was rupture of the right atrium, 
with resulting liemopericardiuni. Histologic study 
showed degenerative myocardial changes. The 
muscle fibers, particularly near the area of the 
perforation, showed loss of striation and few neu- 
trophils. Dolgopol and Cragan (1948) found 
focal myocarditis in 16 of 92 cases of poliomyeli- 


tis. Tlic incidence of myocarditis in 45 cases, in 
whicli multiple sections from c.icli heart were 
available, w.is 26.6 per cent. They thought diat 
cardiac failure was the immediate cause of dualh 
in at least 1 patients. From the evidence at hand, 
it seemed probable that these lesions were pro- 
duced by die vims wiiicli caused puliuinyclilis. 
W’lictlier or not tills assumption is correct, it is 
apparent tlut myocarditis occurs frcrpicntlv in 
poliomyelitis. Spain and .assoc-ialcs (1950) found 
myocarditis in 12 of 1 1 patients vvitli poliomye- 
litis It IS noteworthy (hat in one of these tl>e 
iny'oearditis was diagnosetl clinically. They be- 
lieved tliat the myocarditis was caused by a virus. 
Abnonnal electrocardiograms were found by 
Laake (1951) in 31 per cent of patients vvith 
pulioinyciitis, and by Ullackcr (1054) in 21 of 
02 cliildrcn vvitli Uic disease. Jungeblut and ffd- 
waids (1951) isolated tlic virus of poliomyelitis 
from ihc heart of 2 patients with polioinycUtvs, 
thus proving that the myocarditis was .actually 
caused by a vims. 

The ciiccpltahmyocardilis virus Is apparently 
abo responsible for disease in man. Kodi (1950) 
was able to dcmoiistrato an infectious ag<<’>tt 
(virus) ill the blood scrum of 1 patient, hi ik® 
cerebrospinal fluid of a second, and in the blood 
serum and fcccs, and in the liquid Uiat was usod 
to wash out an c.vr in a third patient. Neutraliz- 
ing .intibodics were found in the serum of po* 
Uents who recovered. Thb virus produced con- 
vublons and paralysis when injected in mice and 
rodents. In the patient who died, autopsy dis- 
closed interstiUal myocarditis, but Uie brain vvas 
not examined. Xoch believed that this virus be- 
longed to Uie enecplialomyocarditis group of 
vimscs. Saphir (1952) reported 3 instances of 
infection presumably caused by Uiis virus. Fof a 
hbtorical review of this virus, see Gajdusek 
(1955). 

Myocarditis has been found associ.ited with 
Coxsackie virus infections, as in Bornholm’s dis- 
ease. This virus is closely related to that of en- 
cephalomyocarditis. Epidemics of tin's disease 
liave been reported in maternity homes, and tlic 
virus has actually been isolated from tlie heart 
muscle of a newborn infant by Javett and asso- 
ciates (1956). Microscopically, the myocardium 
has been seen to be infiltrated with large mono- 
nuclear ceUs, histiccy les and an occasional poly- 
morphonuclear leukocyte. 

Saphir and Cohen ( 1937) reported 5 instances 
of myocarditis in infancy* w'hich tliey ihouglit vvas 
of viral origin because of necrosis of isokalcd 
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muscle fibers. Since 3 of these infants died 
shortly after birth, it appeared that the myo- 
carditis was caused by a vims transmitted through 
the placenta. It seemed most likely that the 
virus belonged to the gioup of Coxsackie viruses. 
Because of severe electrocardiographic changes 
encountered in 1 of the infants shortly after birth, 
an anomalous origin of one of the coronary arter- 
ies was suspected. 

Stoeber (1952) drew attention to various epi- 
demics of myocarditis in infants, especially those 
occurring in 1937 and 1944 in Munich, Germany. 
Charactenstically, this disease had a sudden on- 
set and was attended by marked pallor, moderate 
Cyanosis of the lips, and dyspnea. In a few cases 
in which electrocardiograms were taken, changes 
in the T waves were common Siblings were rela- 
tively frequently involved. A causative bacterium 
could not be cultivated. Stoeber believed that 
this myocarditis was of \aral origin, and pointed 
out that these cases should not be classified as 
isolated (Fiedler’s) myocarditis because they are 
not principally interstitial in nature. Eaily, 
changes were found in the muscle fibers and 
nuclei, culminating in abnormal forms of nuclei 


and in necrosis of muscle fibers without fatty 
degeneiation. Somewhat later, there was inter- 
stitial round cell infiltration which was believed 
to be secondary to the parenchymatous changes. 
Still later, there was severe degeneration of the 
parenchyma with large foci of fibrolysis, followed 
by proliferation of connective tissue replacing 
nixrotic muscle fibers. 

Song and Spiunt (1958) desenbed nonbac- 
terial pancarditis whicli morphologically was iden- 
tical with isolated or diffuse interstitial myocardi- 
tis of unknown etiology, in eacJi of 3 patients wlio 
had a moderate degree of interstitial pneumonia. 
These cases probably also fall under the heading 
of viral myocarditis, especially since the accom- 
panying microscopic pictures disclose necrosis of 
individual muscle fibers. 

Influenza. Nonbacterial myocarditis has 
also been reported in influenza A infection 
in which the virus was isolated from the lungs. 
Cardiac disturbances, such as bradycardia, 
extrasysloles, partial or complete heart block, 
sino-nodal block, loss of various complexes 
and T wave clianges in the electrocardiogram. 



Figure X-01. M)Ocarditb in polioni}cliti«. Tho puUciU dud late in the 
course of the dise.ise. Hcuiatoxyhu and c-usin. X 100. (WCGi!, -15 1’ 

191 M.) 
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which may be obsencd after infliicnz.). may 
be explained on the basis of nnocarditis. 

Finland and associates (lai.'j) reported 2 such 
instances in uhicli they found necrosis of muscle 
fibers wth extensive infiltration of ]vinphoc)lcs, 
plasma cells, larjje inonoimclear cells, and occa- 
sional eosinophils and mast cells. Thev cinpli.i- 
sized that a prolonged and diligent search had 
been made for evidence of mvieardi.d damage 
Inllainmalory change's in the mvocardium have 
also been reported by Hinford and Hanver ( 10-1 1) 
in severe pnetiinonitis, in which minute cikxi>- 
bacillary inclusions were enc-oinitered in a few 
alveolar lining cells, in a few cells of tlie alveolar 
exudate, and in one Knpifer cxll m the liver 
Microscopic examination of the myoeardiutn dis- 
closed a few clusters of monoiuirlear cells divtnb- 
uted around interstitial cxipillanes and larger 
vessels. Lustok and associates ( 1955) found myo- 
carditis in 9 patients with viral pneumonia. 

Infectious Mononucleosis. Lyon (1916) re- 
ported aaitc myocarditis with electrocardio- 
graphic changes in the tcnniiuil dcllectiuns of the 
chest lead, os a sequel of mfc'ctious inouoiiucic- 
osis. A detailed study by Catsler and Smith 
(1048) disclosed changes in the myocardmin lu 
6 of 8 autopsies of patients with infectious 
mononucleosis. Aggregates of lymphocytes were 
sparsely distnbuted within the myocardium about 
small blood vessels. They were also prc-sciit in 
small numbers beneath the ciKlocardiuni. In only 
I case was Uie reaction virtually negligible. lu 
another, the cellular infiltrate vvas rather promi- 
nent. Allen and Kellner (1947) emphasized the 
finding of a few interstitial collections of mono- 
nuclear cells and lymphocytes of moderate size. 

Fish and B.irton (1958) reported c.udiac in- 
volvement in infectious mononucleosis in a 20- 
year-old mail. The electrocardiographic cdiangcs 
were severe. Microscopically, llie mterstilial tis- 
sue of the myocardium was infiltrated by large 
round cells which resembled lymphocytes, and 
necrosis of individual muscle fibers vvas also 
demonstrable. 

Rubeola (Measles). Dcgen (1937), in a study 
of 100 fatal cases of measles, found pericarditis 
in 4. In 2 there vvas a shaggy exudate on the 
visceral pericardium and the pericardial sac was 
distended with purulent fluid, while in 2 tlicie 
were lesser amounts of purulent fluid and no 
fibrinous exudate. Pericardial effusion was some- 
what more common, effusion cf clear fluid being 
noted 23 times. The heart itself showed no diar- 


aclcristic gross changes. Dilatation of the right 
side of the heart vvas found 21 limes. Of 91 
he.irts examined microsctipieally, only 4 showed 
more tlun the usual toxic changes. These ■!< in* 
eluding the 2 with exmlative pericarditis, had 
cellular iiifiltraliun in the myocardium. Ihe >n- 
filtration was chiefly lymphocytic and vvas par* 
tully. but not predominantly, iK'nvMsciilar. War- 
tlun (1931) descrilK-d, as the essential lesion of 
the pnxiromal stage of meoslev, a subepithciial 
iivfikrattoii of muUimiclealed syncytial giant cells, 
lyiiiphucytes and monocytes in the toioils and 
pliaryugeal mucosa. Since this discovery there 
Live Ihx'ii several reports of autopsy findings in 
measles. noLihly those by Mitiami (1938) and 
by Semsruth (1939). N'either of these investi- 
g.itor5 mentioned any changes in the myocardium. 
.\cnite arrlnthmus and clettroeardiographic 
cluiiges III :i p.iticnt vvitli nicvislcs were recorded 
bv Ciustra (19S1). When the patient died 3 
years later, geiicralizctl myocartlial fibrosis "O* 
found. From the scarcity of i>crtinent literature 
it must be concluded tlut true myocarditis Is rare 
in measles. Complete heart block oexurring duf* 
iiig the prcrniptivc stage of rtthclla (Cenrvan 
measles) was tcyxiited bv Logne and Hanson 
(1913). 

Epidemic Parotitis (Mumps). In 1918 Pujol 
(Arch, (le mcj. vt pluirnt, tmf.) obscncxl clinical 
evidence of myocarditis in (Xitients with imiiiips. 
He noted the absence cf previous histologic 
studies cf the heart in mumps. 

Wendkos and Noll (1914) claimed to have 
dcscnlieil liie first known case of myocarditis 
complicating mumps in which the diagnosis was 
established dunng life. Rosenherg (1945) re- 
ported complete heart block in 2 patients with 
epidemic parotitis. Among 101 coiwccutivc pa- 
tients with epidemic parotitis, evidence of myo- 
cardial involvement vvas observed 16 times (1*3.4 
per cent). In all but 2 patients. Uic electrocar- 
diographic changes were transitory. Felknor and 
Pullen (1946) reported clinical and electrocar- 
diographic evidence of myocarditis complicating 
mumps. N’o other ctiologic cause for the myocar- 
ditis muld be detennined. In an analysis of a 4- 
year epidemic of mumps. Eagles (1947) encoun- 
tered questionable myocarditis 3 times among 
1684 cases reviewed. 

Manca ( 1032) reported a singular instance of 
myocanlitis with mumps. The lulient vvas a 21 
year-old soldier who contracted the disease dur- 
ing a severe epidemic in the barracks and died 
unexpectedly. The myoc-irdium grossly vvas vcl- 
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Jovv-pink and opaque and was likened to boded 
meat. Histologically, a serous and cellular exu- 
date was seen, consisting of polymorphonuclear 
leukocytes, some lymphocytes, plasma cells and 
young fibroblasts. In addition, large cells were 
present with much cytoplasm and round nuclei 
the chromatin of which formed a coarse net- 
work; there was also cloudy swelling of the mus- 
cle fibers. Bacteria were not seen in the section. 

Other Diseases. In yellow fever, myocardial 
degeneration is frequent but inflammatory 
changes are found only occasionally (Adler and 
Lyon, 1947). In experimentally produced yel- 
low fever, outspoken myocarditis has been ob- 
served (Lloyd, 1931). Wood (1946) found myo- 
carditis in early acute epidemic hepatitis com- 
plicated by spontaneous rupture of the spleen 
and fatal hemoperitoneum. Small groups of lym- 
phocytes with occasional mononuHear phagocytes 
infiltrated the myocardium between the muscle 
fibers of the trabeculae carneae and also were 
prominent immediately beneath the endocardium 

Electrocardiographic changes with infectious 
hepatitis were also reported by Dehn and asso- 
ciates (1946). Among 6 fatal cases, myocarditis 
was found 4 times by Saphir and associates 
(1956). Areas of gross subendocardial hemor- 
rhages may, on microscopic study, show foci of 
outspoken myocarditis. 

Few reports are available of myocarditis in 
i,ancella (chicken pox) and in variola (small- 
pox). Hackel (1953) found myocarditis in 7 
instances of varicella. Councilman and associates 
(1904) gave a classical description of the anat- 
omy and histology of variola. In 4 cases, they 
found microscopically an interestitial cellular in- 
filtration of large basophilic cells. One heart had 
general infiltration beneath the entire endocar- 
dium, but small foci of inflammatory cells were 
found elsewhere. Bras (1952) encountered foci 
of inflammatory cells in the m>ocardium in small- 
pox. 

Dalgaard (1957) reported the uiic-xpected 
death of a soldier 10 days following \accination 
against smallpox. At autopsy, the myocardium 
was fl-abby, and microscopic sections shoxved foci 
of degenerated muscle fibers, necrosis of individ- 
ual fibers and pronounced infiltration with granu- 
locytes and lymphocytes. Ho belies ed 111.11 the 
myocarditis was caused by the cowpox virus 
(vaccinia). 

Myocardial changes have also been desenbed 
by Holz (1943) in Iioof-and-riioti<h-<Iisease in 
c.i((Ic. 


Though Friedreich's ataxia is not considered a 
viral disease, it may be mentioned that Russell 
(1946) reported 4 cases in which Friedreich’s 
ataxia was associated with a chronic interstitial 
myocarditis, 3 of the 4 patients having pro- 
nounced cardiac hyiiertrophy. Examination of 
the medulla oblongata failed to reveal any histo- 
logic abnormality m the region of the vagal 
nuclei. Russell argued that the myocarditis is of 
toxic origin, and in view of the known association 
between the nervous and cardiac disorders in 
Friedreich’s ataxia, it is probable that the same 
agent is responsible for both lesions. Hejtmancik 
and co-workers (1949) reported changes in the 
electrocardiograms of 2 patients with Friedreich’s 
ataxia. Autopsy performed on 1 of these dis- 
closed diffuse myocarditis with fibrosis but no 
specific changes. 

Myocarditis has also been reported in the 
Landry-GuiUain-Barrd syndrome, a disease entity 
of unknown but perhaps of viral origin. In autop- 
sies of 50 such cases, Haymaker and Kemohan 
(1949) found 7 instances in which a mild focal 
myocarditis was observed, consisting of penvas- 
colaraccumulab’ons of lymphocytes, macrophages 
and Anitschkow cells. 

A number of investigators have concluded that 
the myocardial lesions are caused by the actual 
presence of the virus. However, others maintain 
(hat it is difficult to assay the importance of the 
viral disease as the cause of myoc.irditis since 
bacterial infections are often found in fatal cases. 
Inasmuch as it has been shown experimentally 
that reduction of the oxygen supply to the heart 
markedly increases the seventy of vinis-imluced 
myocaitlitis, it may well be that a complicating 
pneumonia, by decreasing the oxygen supply to 
the heart, serves to intensify the viral myocarditis 
in such patients. 

Rickettsial Diseases 

Typhus. Wolbach and associates (1922). 
in their extensive monograph, described in- 
flammatory changes in the myocardium in 
typhus (Figure X-54). The characteristic le- 
sions were nodular, were present most often 
in the inner half of the ventricular wall and 
consisted of collections of cells in which large 
ameboid and phagocytic mononuclears (epi- 
thelioid cells) predominated; lymphoid and 
plasma cells were numerous and mast cells 
and eosinopliils were fairly common. Roly- 
moqjhonuclear leukocytes were present in 
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TABLE X-17 


Comparative Degree of Intersbtial ^{yc>ca^dltis 
in Scrub Ty^iKus, Epidemic Typhus and Rocky Mountaiaed Spotted Fe\er 
( From Allen and Spitz, 1945 ) 


Diiease j 

0 

Degree of Jnlersliiml Sf\otarJi:ts 
+ -l-t- -i-i-l- 


++++ i 

Total Xo. 
of Cases 

A’a. of 

Caies % \ 

Ka. of 
Cates 

% 

No. tf 
Catet 


1 iVo. of 

1 Cases 

1 


% 

Scrub tvphus 

5 7 : 

32 

44 

27 

35 1 

8 

11 

2 

3 

74 

Epidemic tvphus 

4 17 

12 

60 

5 

21 1 

3 

12 1 

0 

u 

24 

Kocky Mountain spotted iever 

2 17 

1 7 

48 

3 

25 

0 

0 

0 

0 

12 


small numbers; they were more numerous if 
there was necrosis of muscle fibers. Tlie ne- 
crosis usually involved only a portion of one 
or several muscle fibers. It was often im- 
possible to recognize the obliterated blood 
vessels in tliese focal lesions. Capillaries filled 
with endothelial cells and frequently wth 
fibrin thrombi were found in early lesions. 
A more diffuse infiltration of die myocardium 
was invariably composed of endothelial celb, 
lymphoid cells and plasma cells, which lay 
packed beriveen capillaries and (apparently) 
normal muscle fibers. 

In 97 per cent of 103 cases of riThtis examined 
by Herzog and Rodriguez (1936), myocarditis 
was found which was described as “myocarditis 
exanthematica.” Tliis was characterized by sub- 
nuliary perivascular nodules, consisting princi- 
pally of adventitial cells, fibroblasts, lymphocytes, 
polymorphonuclear leukocytes and plasma cells. 
Often the polymorphonuclear leukocytes pre- 
dominated. 

Settle and associates (1945) reported autopsy 
findmgs of 55 patients with scrub typhus (Isu- 
tsugaraushi disease) occurring in American troops 
in British and Dutch Nevv Guinea and adjacent 
islands. Grossly the heart exhibited relatively 
mild changes and contained minute, focal, pale, 
brown-gray areas of degeneration or, more 
rarely, small recent focal hemorrhages. Micro- 
scopically, the dominant lesion in all cases was 
acute nonsuppurative myocarditis, focal as well as 
diffuse, which varied m severity. It was char- 
acterized by perivascular infiltration of mononu- 
clear cells, plasma cells, occasional lymphocytes 
and polymorphonuclear leukocytes. Some times 
large multinucleated cells witli vesicular nuclei 
and basophilic cytoplasm were encountered. Fre- 
quently the vascular endothelium was swollen or 
thickened by proliferating lining cells, recent 


mural thrombi overlapping the endotlieb’um. 
Allen and Spitz (1945) reported a comparative 
study of the pathology of scrub typhus (tsutsuga- 
mtishi disease) and other rickettsial diseases. 
Table X-17, taken from their study, shows the 
comparative degree of interstitial myocarditis in 
scrub typhus, epidemic typhus and Rocky Moun- 
tain spotted fever. From the table, it appears 
that myocarditis is often encountered in these 
rickettsial diseases. Seemingly, it occurs more 
often and in a more severe degree in scrub typhus. 
They found no evidence that the right side of the 
heart was involved more frequently than the left 
side, that tlie ventricles were more severely dam- 
aged than the atria, or that one part of the w'al! 
of the ventricle was selectively involved, as lias 
been stated by previous invesb’gators. However, 
they emphasized the uneven distribution of myo- 
carditis and that in some sections the plasma cell 
may be the predominating cell, in others the 
acidophilic macrophage, and in stiff others from 
the same case, the Anitschkow myocyte. Giant 
cells were also present. Polymorphonuclear leu- 
kocytes were encountered more often in Rocky 
Mountain spotted fever. The infiltrab’ons were 
located principally between the muscle fibers, al- 
though they were also found in the periarterial 
fibrous tissue and rarely within the sarcoplasm of 
muscle fibers. Only exceptionally was tliere found 
an isolated, swollen, partially hyalinized fiber, 
the sarcoplasm of which contained one or two 
karyorrhectic infiammatory cells. The myocardial 
fibers were usually well preserved. In scrub 
typhus obvious fibrinoid degenerab'on of arteries 
of the heart was not found, but such a change 
was wxiasionaffy encountered in the otlier types 
of typhus. Necrotizing arteritis, however, was 
seen in 4 (17 per cent) of the cases of epidemic 
typhus. Involvement of the mural endocardium 
by mononuclear infiltrates was often striking in 
scrub typhus. 

In a postmortem study of 31 cases of scrub 
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typhus, Levine (1946) found the principal car- 
diac changes to be in the myocardium. He de- 
scribed necrosis of the heart muscle fibers in 
about one-half of the cases showing carditis. How- 
ever, he emphasized that necrosis was rarely 
severe. The essential pathologic response to the 
infection consisted of endothelial proliferation 
and infiltration witli perivascular lymphocytes, 
plasma cells and many mononuclear cells. 


Schopper (1943), who studied the material 
obtained by the Germans dunng World ^Var II, 
also described extensive interstitial myocarditis 
in typhus. Among 70 cases of typhus, myocarditis 
was severe in 19, moderate in 14, and slight, prin- 
cipally interstitial, in 19, myocarditis was not 
found in the remaining 18. 

In Q fever myocarditis was reported by Wendt 
(1953). 
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L esions of "niE iie.\bt resulting from para- 
j sitic (protozoal and helminthic) infection 
may be specific, by virtue of the presence of 
the parasitic agent within the tissues of the 
lieart or pericardium; or nonspecific, iJje 
changes being secondary to the presence of 
the parasite In an adjacent or distant site. In 
some parasitic diseases, cardiac lesions are a 
major feature and upon tlieir e^tent may 
depend the seriousness of the infection. In 
many types of human parasitic infection, no 
cardiac lesion has been reported. 

Protozoal hxfectiom 

Amebiasis. Amebic involvement of the 
heart is a rare complication of amebiasis. At 
least 45 proved cases have been reported in 
the literature ( Carter and Koroncs, 1950, 
Norris and Beemer, 1956); in e\ery instance, 
the lesion was an amebic pericarditis. Usu- 
ally it was secondary to amebic disease of the 
liver (Kem, 1945). 

In numerous other cases (Edwards, 1947) the 
patients ha\e had cardiac symptoms or findings 
associated with intestinal amebiasis or amebic 
hepatic or pulmonary abscess, but definite proof 
of the amebic nature of the cardiac lesion was 


lacking. Jn one of the earliest reports of atncbic 
pericarditis by Howard .ind Hoo\er (1697), an 
amebic (tropical) abscess of the liver was com- 
plicated by a fibrinopunilent pericardial exudate 
in which amebae were found. The hepatic abscess 
did not actually rupture into the pericardium. 
Craig (1904) reported 2 cases of "acute peri- 
CardiHs, resulting from perforation of an amebic 
abscess of the li\er into Oie pericardial cavity.** 
In Clark’s reiiew (1925) of postmortem examina- 
tions of 186 patients with amebiasis, no instances 
of amebic cardiac involvement were found. Ochs- 
ncr and De Bakey (1943) found 1 example of 
amebic pericarditis among 181 p.itients with 
amebic hepatitis and amebic hepatic abscess. 
They stated that less than 2 per cent of subjects 
with amebic involvement of the liver have cardiac 
complications. They believed that such complica- 
tions are more Lkely to follow amebic abscesses of 
the left lobe of the liver, since abscesses in this 
lobe of the liver are more difficult to diagnose. 

Coirault and associates (1953) likewise found 
that the left lobe of the liver was the usual source 
of the abscess rupturing into the pericardial sac, 
and that the pericarditis was usually fatal. 

Grossly the parietal pericardium is thick- 
ened up to 5 mm. or more. Tlie pericardial 
cavity contains a thick green-yellow purulent 
material which is usually adherent to botli 
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pericardial surfaces. Tlie surfaces are yellow- 
gray and granular. The usual landmarks are 
obscured. On microscopic examination, both 
the parietal and visceral pericardial surfaces 
consist of a thick fibrous connective tissue 
with surfaces covered by necrotic materiaL 
This material is backed by granulation tissue 
with numerous large mononuclear cells, occa- 
sional lymphoid and plasma cells, and some- 
times also a few polymorphonuclear leuko- 
cytes. Indiv’idual or small clusters of amebae 
may be found in tlie necrotic tissue and also 
in the deeper layers of the pericardium. Typ- 
ical is the small halo of cytolysis surrounding 
each ameba; phagocytosed red blood cells 
may be found within the parasite. The myo- 
cardium usually shows no change (Kern). It 
is not unusual to fail to find amebae in the 
fluid removed from a lesion which subse- 
quently proves to be amebic in origin. Ochs* 
ner and De Bakey found amebae in only 16.5 
per cent of cases in which the contents of 
hepatic abscesses were studied. The parasites 
may remain within the wall of the cavity. ( See 
Figure XI-1). 

In many amebic infections, especially those 
with liver abscess in which there is no in* 
volvement of the pericardial cavity, the heart 
will show nonspecific changes, such as fatty 
degeneration and cloudy swelling. 

Trypanosomiasis. Human trypanosomal in- 
fections are characterized by the develop- 
ment of two quite different diseases. African 
sleeping sickness is the result of infection by 
either Trypanosoma gambiense or Trypano- 
soma rhodesiense. Soutli American trj’panoso- 
miasis, also known as Chagas’ disease, is 
caused by T. cruzi. Cardiac lesions occur in 
both diseases; in sleeping sickness the major 
lesions are cerebral and the cardiac lesions 
largely represent a complication, while in 
Chagas’ disease the myocarditis is as impor- 
tant as the cerebral lesions, and may be most 
important as a cause of chronic cardi.ac dis- 
ease. 

Cardiac lesions are found in infections 
caused botli b)’ T. gnmhlciisc .and T. rho- 
flesicnsc. As is true of the cerebral lesion, 
the changes in the heart are more acute anti 
severe in the rhodesiense form (Hawking and 


Greenfield, 1941 ) . The heart is of normal size 
but is pale and flabby. Microscopically, in- 
flammatory infiltrates are seen around the 
smaller blood vessels in the endocardium, 
myocardium and pericardium (Tliomas and 
Breinl, 1905). Tlie left ventricle is affected 
more frequently than is the right. The cells 
are chiefly lymphocytes and plasma cells, al- 
though eosinophils, mast cells and giant cells 
have also been described. Muscle fibers adja- 
cent to the inflammatory foci frequently show 
loss of striations. Hemorrhages may be seen 
either perivascularly or between muscle fibers. 

In the rhodesiense infections, serous peri- 
carditis and edema of the myocardium are 
usually present. Trypanosomes may be found 
in the pericardial fluid; with Giemsa’s stain a 
feiv trypanosomes are sometimes seen in the 
tissues, especially in the superficial epicar- 
dium. In the gambiense form a fibrous pro- 
liferation, largely perivascular, may be present 
beneath the endocardium or diffusely in the 
myocardium. Lesions similar to those found 
in roan have been produced experimentally 
(Peruzzi, 1928). 

The electrocardiographic changes in 38 pa- 
tients with sleeping sickness weie reviewed by 
Sch>ais and Janssen (1955). Anhyllnni.as were 
rarely obserN’ed. In 47 per cent of the tracings, 
however, the T waves and ST segments showed 
alterations. 



Kisute XI-1. TroplioKoUe of Ciutairioi/ja /ilitohjttca 
(uirroamhxl hy inli^iwm.iiory tt!h) in ptritanlul 
(iuiil. Piiraiiiii-bloik si-ctiun. lrun-lunuU)\)lm stain. 
X 2400. <Fn>ni .\I. C. Cartir ami S. B. Xoroms, .S'< u 
£ru;&irul /. 2t2.3')l, 1050. Coiirti-sy of Uic 

authors ami the editor.) 
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Chagas’ Disease. South American Tr>’pano* 
somiasis. The chief manifestations of South 
American tT>’panosomiasis are seen in the 
heart and the central ner\‘ous system. The 
organism localizes in the cardiac muscle fi- 
bers; rupture of these fibers causes a myo- 
carditis, and the lesion may be sufficiently 
widespread through the heart to cause death. 
Both children and adults are affected A re- 
port by Packchanian (19-13) that the \cctor 
is present in certain portions of southern 
United States suggests the possibility that 
some cases of cardiac disease in these areas 
may be South American trypanosomiasis. 

The chmcal diagnosis is generally made by 
symptoms or signs of cardiac insufliacncy, ab- 
sence of he.irt disease of other app.irent etiology', 
enlargement of both the nght and left ventricles 
unaccompanied by hypertension, positive \cno- 
diagnosis (demonstration of cnthidiae of T. cmzt 
in fecal smears of laboratory-bred tnatomes about 
40 days after tliey have been allow ed to feed on 
the patient), and posid\e complement-fixation re- 
action for Chagas* disease. 

The parasite is present in the blood as a tryp- 
niiosome; when it enters the myocardial fibers 
it assumes a leishmanial form. The latter is round 
or ovoid and measures from L.4 to 4 micra in 
diameter, and each contains a large niby-red 
nucleus and a rodlike or spherical deep violet 
Idnetoplast. Within the myocardial fiber multipli- 
cation of the parasite occurs by binary fission. The 
parasites are present in large numbers in the 
fibers; the parasitized fibers may be unaltered, 
hyalinized or fragmented (Crowell, 1923). 

Parasitization of the fibers is not attended 
by inflammation, but upon rupture of the 
parasitized fiber, an inflanunatory response 
usually occurs. Tlie inflammatory infiltrate 
consists of lymphocytes, plasma cells, eosino- 
phils and macrophages, and occasionally neu- 
trophils (Johnson, 1938). Muscle fibers may 
be separated by edema. In addition, it may be 
difficult to find the parasites within the in- 
flammatory foci. The organisms may pene- 
trate other muscle fibers as leishmaniae, or 
may enter the blood stream as trypanosomes. 
(See Figure XI -2.) 

Crossly, fibrinous pericarditis is often 
present, and the heart is pale; the myocar- 
dium may be flabby or firm. Punctate hemor- 


rhages are seen and on section, yellow streaks 
or areas of mottling may be present. 

Tlie existence of a chronic cardiac lesion in 
South Amcncan trypanosomiasis is regarded as 
likely' by many workers in countries in which 
Cliagas* disease is endemic. In an important 
experimental study, Johnson (1038) produced 
active lesions in the dog, similar to lesions seen in 
man. In dogs that were allowed to live for stwcral 
years, parasites could still be found witliiti Uie 
myocardial fibers. The hearts of these animals 
also siiovscd focal lymphocytic infiltrations and 
scattered areas of fibrosis. The fihrotic areas were 
most numerous in tlic myocardium adjacent to 
the endocardium and the cpicardium, near the 
atriovenincular junction. These subendocardial 
foci of fibrosis may be the result of ischcinia as 
well as of he-nliiig of an inflammation. Parietal 
thrombi may interfere willi the nutrition of the 
subendocardial myocardium, and the resuhau^ 
small infarcts may be followed by fibrosis. Such 
foci may be found cspccblly at the apex of tlie 
left vcntnclc (Andrade and Andrade, 1955). 
Similar findings have been described by Occourt 
and associates (1947) in a person who was be- 
lieved U) have chronic Chagas’ disease, and by 
Romana (1947). 

A positive epidemiologic history and a positive 
complement-fixation test sened os the basis of a 
ciinica! diagnosis of chronic chagasic myocarditis 
by Rosenbaum and Alvarez (1933); in autopsies 
of 5 such cases, there was "disseminated myocar- 
ditis" but no parasites were found. CUuical find- 
ings included disturbances of cardiac rhythm, 
ectopic beats, nodal rhythm, and varying degrees 
of A-V block. The electrocardiograms were ab- 
normal in 113 of 150 patients; the abnormalities 
included a right bundle branch block, ventncular 
extrasystoles, primary' T wave changes, P wave 
abnomiahties, and left ventncular enlargement. 

Cluonic Chagas’ myocarditis may be compli- 
cated by pulmonary thromboembolism, secondary 
to nght-sided cardiac parietal thrombosis (Rocha 
and Andrade, 1953). 

Koberle (1957) studied 100 cas^ of clironic 
Chagas’ disease that came to autopsy. Tlie diag- 
nosis was based on demonstration of parasites in 
the myocardium (7 cases), positive complement- 
fixation tests (62 cases), demonstration of para- 
sites and positive complement-fixation tests (H 
cases), or on "characteristic” macroscopic and 
microscopic findings (20 cases). The gross find- 
ings consisted of hypertrophy and dilatation, fatty 
or hyaline degeneration and ischemic necrosis. 
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especially in the subendocardial portion of tfie 
apical regions of the ventricles. These changes, 
he thought, were the result of relative coronary 
insufficiency witli ischemic changes, resulting in 
bradycardia and low blood pressure. Microscopi- 
cally, parasites were sometimes found in the 
heart, most often in the wall of the right atrium, 
and usually after examination of a great number 
of serial sections. Granulomata were rarely found. 
Of principal interest was the occurrence of de- 
generation and liquefaction necrosis of the gan- 
glia in the subepicardial tissue, often with com- 
plete loss of ganglion cells. The SA node, AV 
node and the region of the bundle of His showed 
fibrosis and infiltration of inflammatory cells. The 
author believes that in chronic Chagas’ disease, 
the principal lesion is m the cardiac gangba and 
m the conduction system, and that the resulting 
bradycardia and heart failure lead to “neurogenic” 
cardiac dilatation and hypertrophy. Kobcrle re- 
marked that the mild destruction of the caidiac 
muscle contrasted with the severe destruction of 
the ganglia (supposedly by a neurotoxin of the 
parasites). He admitted, however, that Uie patho- 
logic diagnosis of chronic Chagas’ disease is 
extremely difficult. 

Leishmaniasis. Tlie leishmanial infections 
in man are of two types. Leishmania done- 


vani is tlie causative agent in kala-azar, which 
is cliaracterized by visceral lesions. Cutaneous 
or mucocutaneous leishmaniasis is the result 
of infection by L. tropica (Oriental sore) or 
L. brazilicnsis (American mucocutaneous 
leishmaniasis). As might be expected, myo- 
cardial involvement has been reported only in 
kala-azar, and in this disease it occurs only 
occasionally. The essential lesion of kala-azar 
is the proliferation of the reticulo-endotheJfal 
cells in response to the presence of the para- 
site, and the heart is not an important site of 
these cells. 

Meleney m 1925 reported a fatal infection of 
kjia-azai in a man of 23. Autopsy revealed a 
suppurahve pericarditis, in addition to the Usual 
splenic, hepatic and other specific lesions. On 
microscopic examination of the heait, several 
areas of myocardial fragmentation were seen. In 
these areas were collections of inflammatory cells, 
including polymorplionuclear leukocytes, plasma 
cells, lymphocytes and clasmatocytes. Numerous 
Leishman-Donovan bodies weio present within 
Uie clasmatocytes. No endothelial proliferation 
was noted. 

Scattered foci of lymphocytes, polymorpho- 
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Figure .VI-2. Trmianosonia cruzi in heart inuvic. Irun <iliun, picric aad, iiiina- 
tuxyliu stain. X 12.S5 (Cnuttoy uf Vlurn» Cultltuaii, Cuniuuiiiicabiti Di^i.ise 
Center, I’ublic Health Senitv, Federal Sccunty Atlanta, Georgia.) 
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nuclear leukocytes and macrophages have also 
been described (Lubitz, 1948) in cases in 
wliich no parasites were seen. The heart may 
be atrophic. Wliile myocardial involvement 
may complicate the picture of kala-azar, it 
is not a major feature of the disease. 

Malaria. All three forms of malaria, be- 
nign tertian {Plasmoditnn cicax), quartan (Pi. 
inalariae), and malignant tertian (PI. falci- 
pamvi), show pathologic lesions related either 
to tlie phagocytosis of pigment by reticulo- 
endothelial cells or to the anemia resulting 
from destruction of the erytlirocytcs; falci- 
parum malaria shows, in addition, lesions re- 
sulting from a concentration of parasites 
within tlie capillaries or organs, with i>lugging 
of these capillaries by the parasitized red 
blood cells 

Benign tertian and quartan malaria. The 
principal changes and serious tissue lesions in 
tlie “benign" types of malaria result from the 
anemia produced by destruction of erylliro- 
cytes. Tlie anemia causes parenchymatous de- 
generative changes, including fatty changes 
in the heart (Dudgeon and Clarke, 1917; 
Sprague, 1946). Phagocytosis of pigment Is 
seen mainly in organs rich in reticulo-endo- 
thelial cells; changes related to the presence 
of pigment iu other organs may be seen in 
severe infections but never reach die Intensity 
of those found in the spleen and liver, fn 
human malaria, phagocytic cells are rarely en- 
countered in the heart (Taliaferro and Mulli- 
gan, 1937). When present, they are usually 
seen within capillaries. The phagocytic cells 
are probably circulating leukocytes, although 
it has been suggested that some may be capil- 
lary endodielial cells which may become 
phagocytic in exceptional circumstances. The 
pigment consists of discrete yellow-brown or 
black granules of uniform size or of larger 
irregular agglutinated masses within the 
cytoplasm of the cells (Ash and Spitz, 1945). 
In clironic lesions, the pigment may form free 
masses, following destruction of the phago- 
cytic cells. When present in sufficient quan- 
tities, a gross brown to black slaty color may 
be imparted to the affected organ. Blocks for 
section should not be fixed in fonnaldehy'de 
because formalin-precipitated hemoglobin 


may be confused with malarial pigment. For- 
malin pigment-granules are irregular in size 
and shape and are frequently crystalline. 

Malignant tertian malaria. In addition to 
the pigmentation and the changes secondary 
to anemia, in falcipauim malaria, there are 
specific lesions caused by concentration of the 
parasites within the capillaries of the various 
organs. In general, the parasitized cells are 
uniformly distributed within the capillaries of 
such organs as the brain, heart, lungs and in- 
testinal tract, which are not rich in reticulo- 
endothelial cells. The myocardial capillaries 
are distended wiUi p.irasitized erythrocytes 
(Spitz, 1946). Ameboid forms of parasites 
may also adhere to the walls of the vessels 
and, at the bifurcations, clumps of ameboid 
forms may plug the lumen. Tlirombi may be 
found in these vessels but arc not always 
present. Parasites may also be found along 
the walls of larger vessels, particularly veins. 
Tlie parasitized erythrocytes are often ar- 
ranged as mounds which arc present along 
the same side of tlie walls of different vessels, 
suggesting tliat some of the clumping ob- 
served in the \essels might represent a post- 
mortem phenomenon (Spitz). In the heart, 
varying degrees of changes witliin the Individ- 
ual myocardial fibers are found. In some cases 
tliere is no change; in otliers there may be 
loss of striations xvitb translucency of the cyto- 
pl.ism. Some cases have severe fatly degenera- 
tive changes, which may be diffuse or irregu- 
lar, the fat being present chiefly as fine 
droplets. Interstitial edema is frequently seen 
and small areas of hemorrhage, either inter- 
stitial or subendocardial, are also encountered. 
In occasional cases in which there has been a 
high parasite count, an irregularly distributed 
interstitial myocardial infiltrate may be found; 
the cells include lymiihocytes, plasma cells 
and macrophages. Tlie plugging of the myo- 
cardial caijillarics, wtli resulting aiioxcmic 
changes in tlie myocardial fibers, constitutes 
a form of coronary occlusive disease (.Merkel, 
1946). Tlie cause of the concentration of the 
parasites within the capillaries is not clearly 
understood. 

The possibilities of hemoconcentratioii, agglu- 
tiiution of p-irasitized red blood cells, or the 



PARASITIC DISEASES 


829 


presence of antibodies as factors influeruang this 
phenomenon are discussed by Cannon (1941). 

Malaria has not been proved to be a cause of 
chronic heart disease. Hyperplasia of collagen 
fibers and proliferation of young fibroblasts have 
been described in the “chronic malarial heart" 
(Galata, 1948). 

Balantidiasis. A myocarditis caused by 
Balantidium coli was reported by Sidorov 
(1935). Histologically, Balantidium coH was 
found in the small arteries and witliin the 
myocardium. Foci of necrosis were bordered 
by giant cells of the foreign-body type, lym- 
phocytes, a few eosinophilic cells and many 
fibroblasts. 

Infections by Parasites of Undetermined 
Nature 

Toxoplasmosis. Myocardial involvement 
has been observed in nearly half of the re- 
ported cases of toxoplasmosis ( Callahan et al, 
1946). Next to the central nervous system, 
the commonest site of tlie infection appears 
to be the myocardium. 

In a review of the literature. Hooper (19S7) 
reported that pseudocysts and inflammatory le- 
sions were present in the heart in 16 of 22 pub- 
lished cases of adult toxoplasmosis. In infants, 
lesions have been observed in the myocardium in 
6 of 14 reported cases (Zuelzer, 1944). The para- 
sites are found as agglomerations or as isolated 
organisms (Pinkerton and Weinman, 1940). 

There is no true cyst fonnation but occa- 
sionally a thin limiting membrane derived 
from the adjacent parenchyma may be 
present. A clear space may surround the 
aggregate which is usually close to the nucleus 
of the fiber. The infected fiber is sliglitly 
swollen and may siiow partial loss of stria- 
tions. The agglomeration varies in size, ac- 
cording to the number of individual bodies 
which compose it; its size and shape appear 
to depend in part upon the nature of the tissue 
in which it develops (Figure XI-3). 

The largest masses occur in the cardiac muscle 
fibers and measure up to 50 by 10 micra. On 
the average, from 8 to 10 parasites arc present 
but up to 60 have been observed. The individual 
organisms appear as crcsccntic, ovoid or rounded 
bodies measuring 3 to 7 micra in length and 
from 2 to 4 micra in vv-idth. Dimensions of indi- 


vidual organisms vary; parasites that lie in loose 
tissue or are loosely packed are often larger than 
those found in denser masses. In transverse sec- 
tion the organisms are circular. The cytoplasm is 
clear, homogeneous and eosinophilic. The nucleus 
is fairly well demarcated from the cytoplasm, it 
IS basophilic and may lie close to one end of the 
parasite. In fixed material the nucleus is often 
irregular in shape. The nucleus occupies nearly 
the entire vv’idth of the organism, hi the myo- 
cardium there are also foci of necrosis, described 
as coagulation necrosis, with loss of myocardial 
fibers and infiltration of polymorphonuclear leu- 
kocytes, eosinophils and mononuclear cells (Paige 
et at., 1942). Occasional parasites may be found 
in these necrotic foci. Parasites may be found m 
fibers at the periphery of the necrotic areas or in 
fibers at a distance from the necrosis. 

The parasites are apparently able to invade 
the fibers of the myocardium without destroy- 
ing them or producing inflammatory reaction 
in the surrounding tissues, The organisms di- 
vide by binary division until the myocardial 
fibers are completely filled. The myocarditis 
probably follows rupture of parasitized cells, 
tile liberation of organisms inducing an in- 
flammatory reaction in the surrounding tissue 



Figum Pic-uclocjit of Tosui>t<iiiua Roniiii 

in>ocanlium of 12-day.oJd.chiW. Crois-vtxUon, 
X-900. Sole uhscricc ol infhinriutory rtaef/on 
about the pstutloc>vt. (CourtcNy of Dr. Cljdc 
Sm artzv< elder. ) 
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Figure \I*4. MicstluTN tubes, cut in crosvsi'clitin. 
sbnvMtig Sarcocjstis from sL^Ivtal niuvelc of \«lult* 
rat M5(J. (WCCH, -13 I’ ’GG ) 


(Callahan ct al, 1916). Other less protninent 
infiltrates of inflainnutor^* colls may be scat* 
tcred irreguliirly in the m>oaircIiun). Al- 
thougli in some instances the myocardial le- 
sions arc not severe, in other eases they arc 
extensive enough to produce signs of myocar- 
dial failure. 

Tlic changes described abo\ c are those of 
fatal cases. In chronic asymptomatic lo-w- 
plasmosis, a few scattered aggregates of para- 
sites have been described in the cytoplasm of 
the myocardial fibers (Tomlinson, 1915). No 
foci of necrosis are seen in these instances and 
there are no nolewortliy cellular infiltrates. 

Differential points in the histologic diagnosis 
of toxoplasmosis ha\e been gisen by PiiAcrtun 
and Weinman (1940) and by Penin (1913). Also 
of aid may be the isolation of Toxoplasma from 
heart muscle by animal inoculation (FauUey ct a]., 
1936). In a fatal case reported by Putts and 
Williams (1956), in «Iuch the clinical patho- 
logic tests had indicated my'ocardial toxoplas- 
mosis, no Toxoplasma organisms were found in 
more than 100 sections of the heart, but organ- 
isms were isolated by animal inoculation. 

Hochrein (1957) advanced the theory that 
toxoplasmosis occurring during the first 8 weeks 
of pregnancy might cause congenital cardiac le- 


sions. He rcixirted 0 instances in which the 
mothers had a positive Sabin-Feldman test in 
titers ranging from 1:2.>0 to 1:10,000, and e)e- 
gruiiiid changes which were thoiiglit to be typical 
of toxoplasmosis. Four of the infants, r.uiging in 
age from 1 day to o months, came to autopsy; 
the other two. aged 8 months and 9 years old, 
were alive at tlie lime of the report, and liad 
clinical evidence of low ventricuUr septa] de- 
fects. Hochrein did not support Ills findings by 
study of any control series. 

Sarcosporidiosis. Cardiac insolvcmcnt may 
occur in parasili/alion of man by Sarcocystis. 

Gilmore and associates (1912) encountered 3 
reports in the literature of human myocardial 
s.ircospondiasls. Their patient, an ll.ycar-old 
giri who died of malaria, was found to have 3 
sarcospondi.d cysts in the myocardium. 

Tlie organisms are found in cysts within 
scalicrcd myocardial fibers. The cyst is an 
elongated oval mass measuring up to 0.19 
mm. iu length (Hewitt, 1933). Witliin n well* 
defined, often striated outer membrane are 
enclosed numerous individual basophilic 
l>odic$; many hundreds may be found in a 
fully developed cyst (Craig and Faust, 
1951a). (See Figure Xl-I.) Most of the para- 
sites arc round. In some instances no internal 
stnicturc can 1>c distinguished; In others, a 
nucleus with a central karyosomc may be rec- 
ognized. A difference may be noted between 
the tx’nlral and peripheral parasites in a cyst, 
with the individual parasites separated into 
groups by prolongations from the cyst mem- 
brane. The outer compartments contain 
"round cells," while the inner fully developed 
compartments contain the characteristic cres- 
centic bodies called spores. The dimensions of 
these spores vary widely in the reported cases, 
ranging from 2 to 16 inicra. Tlie involved myo- 
cardial fiber is usmilly sliglitly larger than 
the adjacent fibers. Tliere is no necrosis or 
otiicr evidence of reaction to the parasites. 
No cellular infiltrates are seen. 

Tlie organism must be distinguished es- 
pecially from Toxoplasma; the location in 
muscle only, the lack of inflammatory’ re- 
sponse, and the large number of individual 
parasites witliin a true cyst are distinguishing 
points (Kean and Giocott, 1945). 
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Helminthic Infections 

Trichinosis. Myocarditis is a frequent and 
serious complication of trichinosis, often re- 
sulting in cardiac failure. The myocardial le- 
sions are caused by direct invasion of the 
myocardium by the circulating larvae. Fol- 
lowing esperimental feeding of trichina lar- 
vae to rats, trichina embryos were found in 
the myocardium as early as 5 days after feed- 
ing. There is a marked inflammatory response 
to tlie presence of the parasite (Figures XI-5 
and XI-6). The latter either is destroyed or 
may be returned into the circulation. The 
larvae never encyst within the myocardium 
(Gould, 1945). Trichinosis does not produce 
any known chronic myocardial lesion or 
chronic heart disease. 

Macroscopically, there are no constant find- 
ings. Parenchymatous degeneration of the 
heart may occur but this is nonspecific and 
may be related to nontrichinal lesions present 
at the time of death. Tire pericardial fluid may 
be nonnal or may be increased in amount; it 
may be clear or blood-tinged, and may con- 
tain one or more trichina larvae. The myocar- 
dium may be fairly normal in appearance or 


may be pale; it ^'aries in consistency from 
firm to soft and flabby. Occasionally, there 
is a yellow discoloration as a result of fatty 
changes. 

Microscopically, the lesion is essentially an 
acute interstitial myocarditis which is focal 
in distribution. Some workers have found the 
lesion most marked just beneath the endocar- 
dium or epicardium (Gould, 1945). Areas of 
focal necrosis of myocardial fibers are sur- 
rounded by infiltration of inflammatory cells 
which include polymorphonuclear leukocytes, 
Iynipho<^tes, macropljages, plasma cells and 
eosinophils in varying proportions. Tlie myo- 
cardial fibers are often vacuolated. There may 
be scattered small hemorrhages and nonspe- 
cific degenerative changes. 

The trichina larvae may be found Nvithin the 
foci of necrosis and leukocytic infiltration. Rarely 
A well-formed larva can be identified (Figure 
XI-5), wJuJe m other cases only fragments of one 
or more parasite undergoing destruction remain 
(Figure XI-O). The larvae measure from 80 to 
120 micra in length and, in sections, show linear 
basophilic stippling. Larvae may be found in Uie 
heart as long as 54 days after infection (Stryker, 
1947). With destruction of the Jarv'ae, the acute 


six.:;' «>*':•, 




Figure XI-5. Larva in heart of vvlute rat. 18 cia>s after cx{>ciimenUl iiifcetion. Note de^tiuc- 
lion of in}oc.inLiial ftber» and heavy inflanunatofy reaction. .V-660. (UCCif, S3 P 600.) 
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Figure XI-Q. Tndimous mj ocarditis. X 125. Note 
fragments of larvae undergoing dcstnitUou. Tnclu* 
nae are unable to encyst in the heart { From Could, 
S. E: Tfichiuews, 1943.) 

inflammatory process subsides. It is possible that 
microscopic minute foci of fibrosis may remain as 
a result of tlus inflammation. 

Laboratory findings of value in Uie diagnosis of 
trichinosis include eosinophilia in the peripheral 
blood, and electrocardiographic changes (Roehm, 
1934), The latter include low voltage and inver- 
sion of the T wave, with later reversion to normal. 
Electrocardiographic studies indicate that the 
myocarditis is of maximal intensity during the 
seventli week of the illness. Roehm also found 
that the erythrocyte sedimentation rate was 
nonnal in tlie majority of cases. The infection 
often responds favorably to treatment with ACTH 
(Roehm, 1934; Segar et al., 1955) 

Trichuriasis. In man, infection by Trich- 
uris trichiura, the w'hip-wonn, is practically 
always limited to the intestinal tract. Tlie only 
effects upon the heart would be secondary 
and these are usually lacking since the in- 
testinal infection is relatively asymptomatic. 

Getz (1945) believed that, in severe infections, 
prolonged diarrhea and anemia may eventuate 
in cardiac failure and death. 

Capillaria Iiepatica. In a proved case of 


massive infestation with Capillaria hepatica 
in a 7-ycar-old child (Otto et al., 1954), the 
heart at autopsy was enlarged. Tlic myocar- 
dium contained foci of large mononuclear 
cells which lay parallel to swollen collagen 
fibers adjacent to small blood vessels. The le- 
sions were somewhat suggestive of Aschoif 
bodies. Similar lesions were seen in tlie left 
atrial endocardium. No parasites were found 
wathin the myocardium, and tlius definite 
proof that these myocardial lesions were 
caused by the parasitic infection is lacking. 
Captllaria hcpalica is a common nematode of 
rats, belonging to the same family as Trichitris 
trichiura. 

Strongyloidiasis, Although the filariform 
larvae of Slrongyloides slercoralis circulate in 
the blood stream before escaping into the 
pulmonary alveoli, U\e presence of the parasite 
elsewhere than in the respiratory and alimen- 
tary tracts is rare. Frees ( 1930) found rhabdit- 
iform larvae in the pericardial fluid of a 40- 
> car-old man who also had massive pleural 
effusion containing larvae. The presence of 
rhabditiform larvae suggests that the patient 
harbored adult worms in tlie pulmonary Rs* 
sue, as may occur in some cases of slrongyloi* 
diasts. 

A report of myocardial lesions specifically 
caused by S. slercoralis has been given by 
Kyle and associates (1948). 

A 47-year-o)(l man with Vnowii strongjloifliasis 
had shown electrocardiographic changes, inter- 
preted as being caused either by myocardial dam- 
age or by some extracardiac condition. No gross 
abnonnalities of the heart or pericardial cavity 
were noted. Sections of tlie heart, however, 
showed scattered filanfonn larvae surroimded by 
focal accumulations of lymphocytes in the peri- 
cardium and in tlie interstitial tissue of the myo- 
cardium. 

A pericardial location of larvae has also been 
reported in a chimpanzee by Blacklock and Adler 
(1923). Such isolated reports only emphasize 
die rarity of cardiac complications of strongyloidi- 
asis. 

Hookworm Disease. Tlie cardiac lesions in 
patients infected with hookworms are non- 
specific. Tliere is no report in which either 
the adult worm or its larval form has been 



found in myocardial or pericardial tissues. 
The gross anatomic change in the heart that 
is associated with hookworm disease is car- 
diac enlargement. This change is caused by 
one of three factors: a reducible dilatation, 
a dilatation and hypertrophy, or a hyper- 
trophy unassociated with a reducible dilata- 
tion (Porter, 1937). The chief factor in this 
cardiac lesion is believed to be anemia result- 
ing from mechanical loss of blood from the 
intestinal tract at points of attachment of the 
adult parasites. The changes in the heart are 
the same as those seen in other tyjies of 
anemia in man and in anemia induced experi- 
mentally. Tlie primary cardiac dilatation is a 
physiologic adjustment which disappears 
when the anemia is relieved, if the factors 
continue, hypertrophy results. The changes 
are found both in the left and the tight ven- 
tricles. Murmurs present may be partially 
hemic but also may be the consequence of a 
relative mitral insufficiency or a functional 
supravalvular pulmonary stenosis. 

In a senes of cases of cardi.tc enlargement asso* 
ciated witli hookworm infection, 90 per cent of 
the patients showed relief of signs of cardiac 
involvement paralleling impioveinent of the ery- 
throcytic and hemoglobin levels, in these patients, 
the intestinal hookworm infestations were per- 
sistent and untreated (Heihg, 1942), The le- 
inaining patients showed no change in the patho- 
logic heart condition before devvorming; in these 
cases, the heart dihtation and oilier myocardial 
signs improved quickly after elimination of the 
parasites. For this leason, it is postulated (hat 
there is a second pathogenic factor which is de- 
pendent on the presence of the adult worm. It 
is questioned whetlier this second factor is a toxin 
or an allergen; tlie eosinophilia characteristic of 
hookworm disease might indicate the latter. 

Boccardelli and Rossi'Espagnet (1955), de- 
scribed eJectrocardiograpbic clianges in 9 pa- 
tients with hookworm disease. The alterations 
included depression of the ST segment and low 
voltage; and pretenninally, diphasic T waves, 
extras^ stoles and conduction disturbances of atria 
and ventricles. Some of (he alterations subsided 
as Uic anemia improved. 

Nonspecific microscopic findings liave been 
reported m the hearts of patients infected with 
hookworms (Sanabria, 1945). These findings in- 
clude interstitial edema, fatty and parenchyma' 


tous degeneration of myocardial fibers, local and 
diffuse foci of polymorphonuclear leukocytes, 
plasma cells and eosinophils, and small foci of 
fibrosis. In those hearts m which the enlarge- 
ment lias been present for a long time there is 
also hypertrophy of myocardial fibers. Hydro- 
pericardium has been described (Carnllo, 1946). 

Ascartasis, Both larval ascariasis in the 
myocardium and adult worms in the cavity 
of the heart have been reported. 

Adelson (1952) found coiled Ascaris larvae 
in the myocardium of a 27-month-old male infant 
who died following an opeiation. Grossly, the 
heart was dilated, and a mottled yellow-gray area 
was present in the anterolateral aiea of the left 
ventricle. Nficroscopically, the larvae were sur- 
rounded by an inflaminatoiy exudate consisting 
chiefly of eosinophils. Other zones had multiple 
foci of necrosis with centers of debris and adja- 
cent granulomatous reaction. Within the jejunum, 
numerous Ascans eggs weie found. It was 
thought that the larvae, after being transported 
fiom the lungs to the heart, were carried to the 
myocardium by way of a branch of the left coro- 
nary artery. 

BocUiger and Weme (1929) found 2 Ascaris 
woitns in the cavity of the right ventricle of a 
CS-year-old woman. It was tliought that they 
had either developed in (ho blood stream be- 
tween the poital ciicuUlion and the pulmonary 
artery or had migiated m an unusual manner, 

Babinovicli (1957) leported the occurrence of 
2 adult Ascaris worms witliin the right atrium 
and right ventricle nf a 2->ear-o[d child. One 
worm was surrounded by a ihnnnbus which ex- 
tended into the pulmonary trunk and occluded 
the left pulmonary artery. The upper lobe of the 
left lung was the seat of a hemorrhagic infarct. 
Tlie other wonn \\.is also enclosed in a throm- 
bus which extended into tho right pulmonary 
artery and protliiccd occlusion of the vessel. Iii 
addition, a liver abscess contained 2 wonns. 

Toxocara cams. The aimless migration 
through human viscera of larv’ae of certain 
round wonns, for which man is not the de- 
finitive host, or the resulting localized inihim- 
mation has hecn called hirval grantilornatosis 
or uisccnil larva migrans (Kari>inski ct al., 
1936) or allergic graimlomatosis (Bnll ct a!., 
1953). 

In (he case described by Drill and associates, 
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Figure XI*7 Ilcatt\\orm (Diro/tlarh viwiilh) mfccUon in (Coiutn), 
Aniutl of Nig 108,7^1.) 


granulomatosis foci ^^clu found in (lie liver, kid* 
ncys, heart and lungs, and ToMK'ura larvae were 
demonstrated in the inilmunar> lesions. In tins 
case, the heart was dilated and, grosslv, the 
myocardium contained small scattered nuilutcs 
measuring up to 3 tnin, in diameter. Microscopi* 
cally, tlic nodules had dark cosinophihe centers 
containing chromatin debris and “fibniioKr col- 
lagen bundles. Surrounding this were monomi* 
clear cells of epithelioid type, vvitii multinucic- 
ated giant cells. Peripherally, there were eosino- 
phils, plasma cells and pol>morplionuclcar leu- 
kocytes. This “allergic granuloma” was often 
found in relation to blood vessels, frequently a 
small vein. 

Toxocara canis is a common parasite of dogs 
and cats; the eggs arc passed in the feces and 
when tlie eggs arc ingested, tlie lan’ae are liber- 
ated in the intestines whence they migrate 
through the l>anphatics or blood stream. In the 
dog or cat the larvae eventually reach the 
bronchial tree, trachea and pharyns and, vvlien 
swallowed, again mature into adult worms in the 
small intestine of the animal. Since man is an 
abnormal host, the life cycle in him is incomplete. 
There is experimental evidence that larvae can 
remain alive for a year or more (SmtUi and 
Beaver, 1953). The clinical manifestations v’ary, 
depending upon the total number of larvae and 
their localization. 

Acanthochcilonemiasis. Although patho- 


logic studies in man infected vvitii AcaiUho- 
chciloncnia pcrstntis arc lacking, the related 
[urasites in monkeys may ])c found in the 
pericardium and otiior serous cavities. The 
vvonns "sew" themselves into llio .serous mem* 
Wanes where they cause local irritation, often 
with a resultant fibrinous e.xudate (Craig and 
Faust, lOolb). 

Filan'asis. Two instances have been re- 
ported of cuirdiac involvement in man by the 
Iic.irt\vorm. The first instanco was reported 
by dc Magalhaes in 1887. A single male and 
a single female filaria were found in tbc left 
ventricle of a boy. In 1941, Faust and asso- 
ciates reported finding a mature male filaria 
in the inferior vena cava of an elderly Negro 
woman who had alw’ays lived in New Orleans. 
In ImjIIi eases, the infecting wonn was identi- 
fied as a member of the genus Dirofilaria. 
(See Figure XI-7.) 

Nagasawa ( 1927 ) is reported to luv e found 
larvae of Wtichcreria baucrofli in the hearts 
of 6 persons. Gcrbaiu and assodates (1957) 
described filariasis associated with idiopathic 
cardiac insufficiency in 6 persons, 4 of vvliom 
came to autopsy. They believed that the car- 
diac manifestations may have been related to 
an allergic process, and to Loiflers endocardi- 
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tis (see page 765). Generally, there was rapid 
heart failure usually involving the right ven- 
tricle. In 3 patients the signs became appar- 
ent the day after a febrile episode. In 4 
patients larval or adult Lon Joa were dem- 
onstrated in the blood. They stated that, in 
previously reported cases, the anatomic find- 
ings included pericarditis with effusion, intra- 
ventricular thromboses, and parietal endo- 
carditis resembling Lbfller’s endocarditis, de 
Magalhaes (1887) found a mature male and 
a mature female filarial worm {Dirofilaria 
magalhaesi) in the left ventricle of a Brazilian 
boy. (See Figure XI-7.) 

Schistosomiasis. Specific cardiac lesions in 
schistosomiasis may occur either as a result 
of localization of the larval or adult worm in 
the heart, or of infiltration of eggs which have 
been deposited by the adult wonn at the 
usual intestinal or vesical sites. Metastatic 
localization of the eggs occurs in tlie liver 
chiefly, in the lungs and brain infrequently, 
and in the heart occasionally. A cardiac lesion 
secondary to pulmonary schistosomiasis is also 
described. 

Localization of an adult worm within the heart 
has been reported (El Gazayerli, 1939). In a 
man of 24 years who had schistosomiasis of many 
viscera, an adult male worm \vas found in the 
circumflex branch of the left coronary artery. The 
wonn appeared intact and lay free in the lumen. 
No eggs were present in the heart. The possi- 
bility was considered that the cercariae had de- 
veloped into adult worms in the pulmonary ves- 
sels. 

The lesions caused by deposition of eggs in 
the myocardium are essentially the same as 
tliose found in the intestines, urinary bladder 
and liver. Faust (1948) has described these 
lesions; microscopically, they present tlic pic- 
ture of a pseudo-tubercle, with individual 
eggs as the centers of tissue reaction. Adja- 
cent to the egg is an area of lipid and coagula- 
tion necrosis of local tissue cells. Around this 
zone of necrosis is an envelope of nracro- 
phages, epithelioid cells and giant cells; while 
infiltrating the area more peripherally are 
large numbers of eosinophils, plasma cells and 
IjTnphoc) tes, and occasional neutrophils. In 
the acute phase, the character of the cellular 


infiltrate may vary; sometimes a higher pro- 
portion of eosinophils is found. 

Tmy abscesses with necrosis have been de- 
soibed by Thomas and associates (1946). In one 
case these authors noted thrombosis and hyalin- 
oid necrosis of aitenoles and venules with Wide- 
spread necrosis of the ventricular septal iri) ocar- 
dium. 

As the lesion becomes more chronic, there 
is infiltration of fibroblasts and fibrocytes. The 
end-result is a complete fibrotic encapsulation 
of the egg. During this process the egg has 
become nonviable and may eventually be cal- 
cified. The eggs are seen in the acute phase 
as oval eosinophilic masses measuring 35 to 70 
miem, containing irregularly scattered coarse 
basophilic chromatinic material which is sep- 
arated from the chitinous shell by a clear 
space. 

The deposition of eggs in tlie myocardium, al- 
though reported several times, is nonetheless un- 
common Jaffc (1943) found only one instance 
of such deposition in more than 400 autopsies 
on patients with schistosomiasis; and in Hutchi- 
son's discussion (1928) of the pathology of schis- 
tosomiasis, the lienrt was not mentioned. 

Right ventricular hypertrophy (cor pulmo- 
nale) is another cardiac lesion resulting from 
human schistosomal infection. Tlie lesion is 
frequent and is associated with chronic pul- 
monary arteritis resulting from schistosomal 
infection, or represents a complication of lic- 
patic involvement. The passage of the eggs 
from the portal to the caval system, and thus 
to the lungs, is facilitated by the portal h)'per- 
tension produced by hepatic cirrhosis (de 
Faria, 1934). 

Cor pulmonale with gross dilaUtion of the 
pulmonary tninV is a frequent clinical finding in 
(Day, 1937; Clark .and Graef, 1933; Bed- 
ford ct ah, 1946). In 100 necropsied €. 150 $ of 
Manson's schistosomiasis, de Faria found cor pul- 
monale in 5 per cent. Among cases with hcpalic 
cirrhosis, the occurrence was 11.2 per cent. Tlio 
ratio of mcfdcncc in females to males was Utl. 
Using die technique of cardiac catheterization, 
EhRamly and associates (1933) made a clinical 
and hemod>-namic study of cardiopuImonar>‘ 
scliistosomiasis. They, likewise, found tlut the 
cardiac changes occurred in infections with either 
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S. hematobiurn or S. mansont. The vascular le- 
sions were more frequent in infections with S 
mansont. 

Tlte eggs reach tJic Jiings as emboli from 
the normal habitat of tlie worms and become 
impacted in tlie pulmonary arterioles or es- 
cape from the capillaries into the alveolar 
spaces. In either instance, tliey form granu- 
lomatous pseudo-tubercles as previously de- 
scribed with the eventual formation of fibrous 
nodules. 

de Faria (1954) also believes that the lesions 
may be caused by toxins or may represent an 
allergic reaction. The vessels involved by the 
granulomatous inflammation are chiefly arterioles, 
and the result is either a necrotizing arteriolitis 
or a constricting periartenhs. He found that fibrin- 
oid thrombi may also be associated with the en- 
darteritis. The pressure in the pulmonary arteries 
increases, with resultant hypertrophy of the right 
ventricle and development of arteriosclerosis of 


the pulmonary arteries. In some cases, the pul- 
monary vahes m.iy become incompetent 

Tlie existence of a chronic m}()cardi.'il schisto- 
somiasis has been reported, especially by jaife 
(1937). However, these studies lack anatomic 
venfication of the specific nature of the myocar- 
dul lesion. Jafle found eggs in the in>ocardmm 
ill only 1 of 400 autopsies. ElectnK'ardiographi'c 
p.i(tems observed in the various stages of the 
dcv'clopiiient of chronic pulmonary .vchistosoini- 
asis liave been described by El Shcrif (1953). 

Ilctcropliydiasis. Cardi.tc involvement in 
various tyiics of intestinal Iieteropliydiasis has 
been reported by Africa and associates (1935; 
see Craig and Faust. 1931c, d). The heart was 
involved by eggs of the following trcinatodes: 
Jlctcrophycs hctcrophycs, Mctaf^omnnis tjo- 
koamvai. Ilnplorchts yokoumcai, IlapJorcIiis 
)tu$nilio, linplorchis talchui, Diorchotram 
pu’iuio-cirraium and Hctcrophycs brcvlccca. 
Clinicaliv. the patients were in cardiac failure. 
Crossly the hearts were edematous atid there 
wore subepicardial Iicmorrhagcs, especially on 
ibe right side. Tlie gross changes were similar 
to those of beriberi. Microscopically, the eggs 
of the various trcm.ntodes were found in 
spaces between cardiac muscular fibers and 
the capillaries were intensely injected. TIic 
interstitial tissues were edematous. Small peri- 
capillary hemorrhages were believed to have 
been caused by rupture of the capillaries by 
the eggs. Tlicre was a lack of inflammatory 
and proliferative changes in tliese hearts. Tlie 
authors believed the elianges were the result 
of embolism of the eggs from tlie adult worms 
ill the walls of the intestines. 

An adult lietcrophyid has been found in the 
cpicardial layer of the heart (Craig and 
Faust, 1951d). 

Cysliccrcosis, When man is the intennedi- 
ate host in infection with Taenia solium, the 
cysticerci may be found in any tissue of the 
body, including the lieart. Localization in 
tile heart, however, is unusual (Alenon and 
Veliath, 1940). Tlie c>'sts may vary from 0.5 
to 3 cm. or more in diameter (Figures XI-8A 
and XI-B). They are usually multiple and 
may be located within the musculature or be- 
neath the endocardial or pericardial surfaces. 
In general, they are round except in the deeper 
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Figure S1-8B Dorsal surface of liearl. Note that some 
of the cysts hare nipturcrl (Courtesy of Dr. Luis Maz* 
zotti, .Mexico City.) 


portions of tlie inuscle tvljere they tend to be 
elongated. Around the thin glistening cyst 
wall, a pale thin fibrous capsule can be seen, 
Tlie muscular bands appear to be separated 
by the cysts, and in some of the cysts the sco- 
lex can be recognized. Microscopically the 
cyst wall typically has three zones. The inner 
zone is composed of dead and disintegrating 
leukocytes and large inononuclear cells; for- 
eign-body giant cells and foam cells may also 
be present; and occasionally cholesterol clefts 
may he seen. The middle zone shows fibro- 
blastic proliferation and plasma cells. 1710 
outer zone contains vascular granulation tis- 
sue, polymorphonuclear leukocitcs and a few 
eosinophils. The scoliccs may be well pre- 
scrx'cd or may show partial disiutegrat/on. 
Suckers and hooks may be perceptible. Hie 


larvae may become necrotic and evenlually 
undergo calcification. 

Ecliinococcosis. The incidence of primary 
hydatid cysts of the heart is very low. 

The Australasian n>datKl Registry includes 
only 6 cases of cardiac h>datid cjsts in oxer ISOO 
coses of li>daUd disease (Cole, 1947). In Iceland 
2 instances of c.irdiac h>tl.'itid c>.sts were found 
in 60 cases of echinococcosis among 1200 autop- 
sies (Diuigal, 1946). Dew (1928) states that 
liycLitid c>-sts of the heart comprise 1 to 1.5 per 
cent of all pnmary hjdatid c>sts. Peters and asso- 
ciates (1943) rex’icwed 61 cases of echmococcal 
iiifcslatiun of the iicart. They pointed out that 
ccliiiiococca! infestation of American cuttle seems 
to be increasing, and that a similar increase may 
be pieseiit among sheep and hogs. This increase 
may well be reflected, sooner or latrr, in the ap- 



838 


PATHOLOGY OF THE HEART 


pearance of human cases of echinococcal infec- 
tion acquired in the United States. 

Early recognition of cardiac echinococcosis is 
important since the lesion is amenable to treat- 
ment. Successful surgic-al removal of echinococ- 
cosis cysts has been reported (Stojanovic and 
Vujadinovic, 1955; Molloy, 1955). Larghero 
(1954) reported successful removal in 9 of 10 
cases. 

In a majority of cases hydatid cysts of the 
heart are primary, having developed from 
the hexacanth embrj’o. After the embryo has 
traversed both the hepatic and pulmonary 
capilhrics, it is carried to the Jieart muscle 
by the coronary arteries (Dew). In some in- 
stances, attachment may be directly to the 
endocardial surface, with subsequent growth 
into the cardiac tissue. The embrjo usually 
comes to rest in the muscle of the ventricle 
or atrium and the resultant cyst may grow 
toward die chamber of the heart or may pro- 
jeet under die visceral pericardium. It is at 
first simple and may remain quiescent for a 
long time before some complication occurs, 
or it is discovered either on roentgenologic 
examination of die chest or at autopsy. Pri- 
mary cysts are probably always solitary. Mul- 
tiple cardiac and pericardial cysts have been 
described but it is almost certain that all 
these cysts are in reality secondary to the 
rupture of a primary cyst. Tlje right ventricle 
has been most frequently infected, although 
die cyst may develop under the endocardium 
or pericardium or in the muscular wall of any 
of die cardiac chambers. Secondary cysts are 
much more common in the right side of U»e 
heart. Hydatid cysts are at first simple and 
univesicular widi a well-defined adventitia 
which, however, tends to become thinned 
when the cyst projects into the endocardium 
or pericardium (Scliroeder and Mcdoc, 1945). 
Deadi or degeneration of the parasite may 
occur and the contents of the cyst become 
caseous or inspissated. It is possible that heal- 
ing may occur in this way. Usually, however, 
as a result of constant increase in the size of 
the cyst and of continual trauma of muscular 
contraction, spontaneous rupture of the c>’st 
occurs eidicj into the peiicaidium or into one 
of die chambers of the heart. Rupture occurs 


more frequently into the right cardiac cham- 
bers; diis has been related to the lower pres- 
sure found in these cavities. At the lime of 
rupture of the primary cyst, death may occur 
from anaphylaxis resulting from sensitization 
to hydatid proteins. If rupture has occurred 
into a cardiac chamber, death may also occur 
from pulmonary or cerebral embolism by the 
liberated material. If death docs not occur, 
secondary cysts frequently grow in the lungs 
or in other peripheral organs, especially the 
brain. Tlicsc secondary’ cysts characteristically 
have approximately the same size. 

About 10 per cent of nJJ primiiry cardiac 
cysts rupture into the pericardial sac. As a 
result of this rupture, the brood capsules and 
scoliccs are shed into the pericardial cavity 
and are there iinpl.iiitcd. Some are deslrojed 
by an inflamnwtory reaction, with resultant 
thickening of the serous membrane and fonna- 
lion of adhesions. Others, liowcvcr, surv’ivc 
and develop into secondary cysts which arc 
multiple and are approximately of the same 
size. Tliese cysts may become covered by a 
membrane continuous with the pericardium. 

Following njpture of the primary cyst, it 
may undergo involution and fibrosis, but more 
commonly the rent in its wall becomes healed 
and daughter-cysts form from the residual 
germinal elements. Rupture of daughter-cysts 
usually causes sudden death. 

Grossly, hydatid cysts vary in size from a 
few micra to I cm. or more in diameter. The 
adjacent parenchyma is compressed. Tlic cyst 
itself has a chitinous wall; and it contains 
smaller cysts, the daughtcr-cysts, and brood 
capsules and booklets which form the so- 
called liydatid sand. The daughter-cysts are 
thin-walled and frequently lie free witin'n the 
cyst fluid. Microscopically, the compressed 
fibrous tissue of the organ, in which the cj’st 
lies, forms an outer wall. The external portion 
of the cyst proper is an acellular laminated 
chitinous layer. Witliin this is the germinal 
membrane to which may be attached brood 
capsules containing tlie invaginated scolices. 
Hooldefs may be found free in the fluid of 
the cy^t A foreign-body reaction may be 
found ia die u'aJJ of the younger cyst; this has 
been related to leakage of hydatid fluid. 
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Pseudo-tubercles may also form around de- 
generated scolices. 

The clmioal, radiologic and electrocardio- 
graphic features of echinococcosis of the left 
ventricle have been reported by Canabal and 
associates (1955). The lesion is usually single 
and, according to these authors, is more frequent 
in the left ventricle, probably because of a rela- 
tively richer coronary circulation X-ray films may 
reveal a localized bulge when tlie cyst is of suffi- 
cient Size. Calcification may be present; it is 


more frequently seen in hydatid cysts of the 
heart than in tliose of the lung. Fluoroscopy, 
kymography and angiocardiography may also be 
of aid. The electrocardiogram shows alterations 
of the T waves. 

Sparganosis. Sparganum prolifcrwn is a 
proliferating larva of a pseudopliyllidean tape- 
worm, the adult form of which is unknown. 
Tliese larvae have been recovered from the 
heart as well as from other tissues of man 
(Craig and Faust, 1951e). 
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T he importan'CE of injuries of the heart 
by mechanical violence lies more in the 
frequency with which they are tlie basis for 
claims of workman’s compensation or accident 
insurance than in the frequency with whidi 
such injuries are actually sustained. Each 
year many persons become disabled or die 
of previously unsuspected, spontaneously oc- 
curring heart disease. Each year many per- 
sons sustain injuries of one kind or anolJien 
Quite independently of any cause-and-cffect 
relationship, cliance makes it inevitable that 
injury will frequently be followed by the de- 


velopment of signs and symptoms of lieart 
disease. In an overwhelming majority, the 
sequence is fortuitous. In some, the injury 
has created an episode of stress that brings 
to light previously unrecognized heart dis- 
ease. In some, direct damage to the heart 
has been done by outside violence. 

It is the purpose of the ensuing discussion 
to e.vamine the circumstances in which tlie 
heart may be damaged by the direct or in- 
direct effects of physical violence and to re- 
view the structural and functional manifesta- 
tions of such damage. 


THE DIRECT OR PRIMARY EFFECTS OF PHYSICAL 
VIOLENCE ON THE HEART 


Penetrating Injuries 

Force responsible for penetrating wounds 
of the heart usually reaches that organ in 
one of two forms, i.c., as a flying missile or as 
a slender rigid object. Bullets and shell frag- 
ments constitute the majority of the former. 
Slender rigid objects, otlicr tlian knives, that 
may be responsible for slab wounds of the 
heart include the sharp end of a broken rib 


(Figure XII-1), an ice-pick, a sharpened file, 
a stiff wire, a long pin or needle, a sharp 
splinter of glass, wood or metal, and others 
too numerous to mention. In the majority of 
penetrating injuries of the heart, both civilian 
and military, the evtcrimi wound is anterior 
thoracic and lies in an area bounded by the 
clavicle al>o\e, the lip of llio .xiphoid Iwlow, 
tlie coslocliondral junctions of the sternum 
on the right and tlie anterior axilUrj' line on 
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Figure XIl-l. Stab wound of apex of tight \enlric!c by end of broken nb. 


the left (Hardt and Seed, 1942). Tlie i>rac- 
tical importance of tin's location N\ith refer- 
ence to the use of body annor by soldiers and 
other persons in similarly dangerous occupa- 
tions is obvious. 

One of the most significant factors in dis- 
ruption produced by a bullet or by stabbing 
is the velocity of the object striking the heart. 
Ordinarily, a bullet travels at a mucli higher 
velocity than a knife and, hence, possesses 
more kinetic energy. Tlius, a bullet that 
grazes or passes close to the heart is capable 
of liberating a great amount of energy to the 
tissues and often causes more extensive in- 
jury tlian would be expected from tlie size 
and course of the missile. It is not unusual 
for a heart, through which a small higli- 
velocity projectile has passed, to be exten- 


sively disrupted (Figure XII-2). Widely dis- 
seminated focal amdiac injur>’ ma)’ result 
from the energy liberated by a bullet that has 
passed tlirough the body in the vicinity of the 
heart. 

A knife-thrust ordinarily occurs at rela- 
tively low \elocity and its tlamaging effects 
tend to be local. Knife wounds of the heart, 
even though they are tnuismural, tend to 
close when the knife is withdrawn, \\'hereas 
the passageway of even a small high-\eIocity 
bullet tlirough the heart usually results in 
rapid and copious bleeding. 

Tlie remark-able propensity of the myocar- 
dium to effect partial closure of a transmural 
defect by its own tiurgor deser\’es emphasis. 
HiUsman (1947) obser\’ed in the case of small 
txansmural wounds, both atrial and ventric- 
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ular, tliat tlie bleeding characteristically oc- 
curs in small spurts and only during systole. 
It is this phenomenon that often enables per- 
sons who have sustained penetrating wounds 
to survive long enough to have successful sur- 
gical repair of the defect. It also explains 
how persons with relatively large penetrating 
wounds of the heart are sometimes capable 
of astonishing physical feats prior to collapse 
and death. 

Parmley and associates (1958) in a study of 
456 fatal wounds of tlie heart and aorta found 
that approximately one in four survived the im- 
jnediate effects of injury long enough to permit 
thoracotomy and surgical closure. 

The consequences of penetrating wounds of 
the heart fall into three principal categories: 
dysrhythmia, hemorrhage and infection. 

Dysrhythmia. Conduction disturbances 


caused by disruptive cardiac trauma vary 
from such reversible and relatively insignifi- 
cant phenomena as extrasystoles or brady- 
cardia to almost immediately fatal asystole 
Or ventricular fibrillation. Such functional dis- 
turbances are frequently out of proportion to 
the structural evidence of the injury. 

Hemorrhage. The most common mecha- 
nism of disability and death following a pene- 
trating in'fury of the heart is tamponade. If 
blood collects in the pericardial sac more rap- 
idly than it can be evacuated through the 
defect in the pericardium, intrapericardial 
pressure eventually rises to such a height as 
to collapse the great veins, thereby preventing 
the return of blood to the heart (Figure 
XII-4). The time lequired for the develop- 
ment of tamponade varies from a few sec- 
onds to many hours, according to tlie rapidity 



Figure XII-2. L.irgc gaping uouikI in Uft xtiilricle prwlu^ixl J>y high 
M'locity .22-calibi.r bulUt. 
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Figure XU'S. The epicardium lias been lacerated by 
a bullet which graz^ the po^tenor wall of the left 
vetitzicle. It required approumalcly six hours for sufR- 
cient blood (circa 400 ml.) to collect to the pen- 
cardtal xac to cause fatal tainpon.ide 

of the bleeding and Uie patency of ilte defect 
in die parietal pericardium. TIic amount of 
blood that can be tolerated in tlie pericardial 
sac without tamponade probably varies con- 
siderably from person to person and tends (o 
bear an inverse relation to tlie speed with 
which it accumulates. If tlie accumulation is 
rapid, not more than from 300 to 400 ml. can 
be tolerated (Figure XIt-3). Tliat larger ef- 
fusions can be tolerated if the accumulation 
is slow is indicated by tlie occasional finding 
at autopsy of a hydropericardium containing 
as much as 1000 ml. 

It should not he assumed that a penetrating 
wound of the heart is excluded by tlie ab- 
sence of defect through the skin. Although 
• any part of the heart may be damaged by the 
in>vardly driven broken end of a nb, the right 
v’entricle is espedally vulnerable (Figure 
XII-1). Ordinarily the defect through die 
parietal pericardium in such circumstances is 
sufficiently large to prevent tamponade. This 


is not invariably tlic case, however, because 
the end of a broken rib may rupture the ven- 
tricular wall through an intact parietal peri- 
cardium. 

A clinically unsuspected organized iiitrapcri- 
cacdul hcHiatoma is occ^lsiotudly encountered at 
postmortem examination of the bixly of a per- 
son whose death uecurred long after and from 
causes imrclatcd to lJ>c penetrating thoracic in- 
jury lliat caused the hcmorrluge. Such observa- 
tions tend to conlinn the clinical impression that 
traumatic iutrapcricardial bleeding may cease 
spontaneously and wiihont gix’ing rise to clinically 
recognizable complications. Because of the fre- 
quene>' with which they believe that such bleed- 
ing docs stop spontaneously and without surgical 
iiitcrvcnUon, Elkin and Campbell (1051) have 
proposed tli.nl thoracotomy to control traumatic 
intrapcricardial bleeding is usually unncccssaO'- 
Tlicy believe that aspiration of blood to prevent 
tamponade and in iciUvce the hkehhooil of infec- 
tion IS usually all lliat is rcquirctl to deal witli 
the situation. It should be noted that this pro- 
posal has not gone unchallenged, Criswold and 
Dr>c (1954). although agreeing that traumatic 
intrapcricardial blcerling may stop spontaneously, 
suggest tlut it ma> be diffiailt or impossible to 
predict if this will 1>e the case ami that the 
safest procedure, therefore, is immcrllate thora- 
cotomy for the suppression of further hleerling as 
soon as hemorrhage is suspected. 

TIvc absorjvlion of exlravasatcd blood from 
the pericardial sac by \va>' of the lymphatics 
is exceedingly slow. The cellular components 
of the inlrapericardual blood tend to organize 
at sites of mesothelial damage and may or 
may not result in adhesions between tlie sur- 
faces. Pigment-containing macrophages may 
be found at the silo of organized hematomas 
after many montlis. 

If the defect in the parietal pericardium is 
large, death may result from e.\sanguination 
ratlier than tamponade. In sucli circumstan- 
ces most of tile escaped blood collects in the 
pleural cavities and iJie amount lost evfemalJv’ 
is relatively small. 

Infection. Before the introduction of anti- 
bloHos. purulent pericarditis (Figure XII-5) 
was the most important complication of a 
penetrating wound of the pericardium, if the 
immediate effects of shock and hemorrhage 
were survived. 
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^5c.^. of fli^ 75„ of 

lO peric»rOium witKdrawrn 


Figure XlI-4 Cardiac tamponade produced within 30 seconds in dog by the injection of 75 ml. of saline 
into the pericardial sac. Systolic blood pressure (S.P.) fell from 130 to 30 mni Hg. owing to pressure 
on the great \eins and atnn Four nunutes later the tamponade was relieved by ssithdrawal of the saline 
solution and the blood pressure returned to normal. 


Effects of Pleural and Pericardial Injuries 
on the Heart. Frequently, although not in- 
variably, a penetrating cardiac injury will be 
accompanied by wounds of the pleura or 
lungs. If the immediate effects of the cardiac 
injury are survived, such wounds may lead to 
the development of pneumothorax or inter- 
stitial mediastinal empliysema, either of 
wliich may embarrass the lieart by displace- 
ment or compression. Entrance of air into 
lacerated pulmonary veins may lead (o coro- 
nary and cerebral air embolism. 

Healing of Penetrating Injuries of the 
Heart. Hesse and Hesse (19J4) have ob- 
served that the blood clot filling a traumatic 
myocardial defect, even though it be small, is 
slow to resorb or organize. Significant fibro- 
blastic invasion of the margin of a myocardial 
hematoma, according to (hem, is not seen 
much earlier than a week. The formation of 
granulation tissue first occurs at the site of 
the cpicardial defect and is seldom well de- 
veloped under two weeks. Fibroblastic pro- 
liferation along the transinural portion of the 
tract is minimal. Although occasional multi- 
nucleated cells indicate a reactive hyi>erplasia 
on the part of the injured muscle cells, there 
is relatively little regeneration. After a month 
it is difficult to recognize the intramural por- 
tion of a penetrating c.xrdiac wound except 
by the presence of small cpicardial and endo- 
cardial fibrous plaques at the sites of entrance 
(Figure XII-6) and exit. 


Foreign Bodies. The position of the bullet 
as disclosed by roentgenologic examination of 
a person wlm lias sustained thoracic injury 
by gunfire may be grossly misleading in es- 
tablishing the probability of cardiac injury. 



Figure Xlf-o. furulwit pericarditis following tfic wic- 
cc^^ful suture of a tr.immiiral icc-pick wuiiikI of tbc 
pulmonary conns. 
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Fissure XII-6. SubeptcarcJial cicalru at the site of a healed (many inontlis) 
laceration of the wall of the left \entncle. Hemalov>Iin'eosm. X lOf), 


Bullets that have wounded the heart may 
strike the spine or a rib and ricochet to a 
remote position. Bullets tliat have entered 
tlie heart may be swept out of tltat organ by 
the systolic discliarge of blood, to be carried 
into a pulmonary or peripheral arter>'. A bul- 
let tliat has entered the precordium at an 
angle may strike a rib and ricochet to a posi- 
tion beliind the heart without damage to that 
organ. 

In 9 of 11 cases of intracardiac foreign body 
reported by Harken and Williams (1946), a 
bullet found in the right ventricle had first 
entered a systemic vein and had tlieu been 
carried to the heart by way of the blood 
stream. In 2 instances bullets had been car- 
ried through the right clumbers of the heart 
and had come to rest in a pulmonary artery. 
Although metallic foreign bodies situated in 
the pericardial sac or in the outer portion of 
the myocardium tend to become encapsulated 
by fibrous connectKc tissue and are often tol- 
erated indefinitely without further disturb- 
ance (Figure XlI-7), Harken and Williams 
believe that large foreign bodies (1 cm. or 
more iu each of two diameters) within the 
heart constitute a potential hazard to liealUi 
and life. Such a foreign body, according to 
them, may be mobilized as an arterial embolus 


(pulmonic or systemic) or, if it remains within 
the heart, tends to predispose to the develop- 
ment of subacute bacterial endocarditis. 
Decker (1939) believes that the danger of 
migration, perforation and tamponade is an 
added reason for undertaking the surgical re- 
moval of a sharp foreign body. 

Needles and similar pointed objects that 
enter any portion of the body and eventually 
roigtate into n systemic vein may be caitmd 
to the right side of tlie heart. Here they may 
become embedded in the wall of the right 
ventricle or be carried through the chambers 
to become a pulmonary embolus. As an inci- 
dental postmortem finding, the author has 
seen (1) part of a hypodennic needle, that 
had been broken off in an arm many years 
before, embedded in an organized iion- 
occliisive mural thrombus in a brancli of the 
right pulmonary artery; and (2) a phono- 
graph needle, that had entered the body at 
an unknown site at an unknown time, em- 
bedded in the interventricular septum (Fig- 
ure XlI-8). In both instances the foreign 
body had been tolerated without clinical evi- 
dence of its presence and without pathologic 
evidence of progressive injury. 

A more important type of migrating for- 
eign body is the sharp object that has been 
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Figure XII*7. Two lead shot that resided for 27 >cars 
m the >va!l of tlie right vcntncle. There were no pen- 
cardial adhesions, no epicardial scars and no rc'idual 
hematogenous pigiiieiitation, Eacli iwllct was enclosed 
in a thick fibrous capsule. 

swallowed and that has penetrated the pa- 
rietal pericardial sac by way of the anterior 
wall of the esophagus. The author ]jas seen 
two such foreign bodies (a pin and a fish- 
bone) that had migrated in this manner and 
resulted in purulent pericarditis. 

Blunt Injuries of the Heart and 
Pericardium 

Of primary importance to a consideration 
of cardiac injury by blunt violence is the fact 
that during the first five decades of life the 
thoracic cage is usually sufiicientiy plastic to 
pennit great distortion witliout fnicture. Thus, 
an impact may produce severe iiijuiy of the 
intrathoracic viscera without damage to the 
ribs or sternum. In a series of noni>enctrating 
chest injuries sustained by a fab from 
a height, 38 by the impact of a falling or 
swinging object, and 23 by a squeezing or 


crushing force), Arenberg (1943) observed 
tijat the incidence and sev'erity of cardiac in- 
jury were less in persons who had suffered 
broken ribs than in those whose thoracic cage 
was unbroken. It may be inferred that tho- 
racic rigidity is an important factor in pro- 
tecting tlie lieart against injury by blunt vio- 
lence. 

Preliminary to a consideration of cardiac 
injury fay blunt impact, it should be appre- 
ciated that liydrostatic forces transmitted to 
the heart by way of the great vessels may in- 
crease the bursting tension within that organ 
to the point of rupture (Figure XII-9). A 
crushing inj'ury of the abdomen and lower 
extremities may disjjlace blood toward the 
heart with sufficient force to rupture the intra- 
perlcardial portion of the thoracic aorta, lacer- 
ate valves or cause an explosive type of dis- 
ruption of the wall of the left ventricle or 
atrium (Moritz, 1954). Cardiac injury caused 
by the application of blunt violence to the 
thorax falls into three groups, according to 
the severity of the disntpt/ve changes: com- 
motion, contt/ston, and laceration. 

Cardiac Commotion. Cardiac commotion 
denotes a disturbance in cardiac function that 
has been caused by impact or agitation of 
ibat organ without the production of gross 
or microscopic evidence of injury. That the 
functional disturbance caused by an impact 



Figure XII-8. Phonograph needle projecting into the 
chamber of the left icntricle from a cicatnr iu the 
{ntcrvcntricnilar septum. Tlic needle lud proh.thly cn- 
toed a jystiroic vtin arwi hai been camni in the 
blood slrcjiii to the right scntricic Mhete it became 
embeddeO tri .ind migrated thmcigh the mtcrit-ntricu- 
l.ir Mptimi. 
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Figure XII-9. Vanouj tjTJei of cardiac injury winch niay rciult from nonpenclraling thoracic 
inipact$< 

A. Anterior contusion, D Laceration of inters cntricular septum, 

B. Laceration of left sentncle. E. Disseminated non-communicating lacerations of 

C. Laceration of nght scntncle, inyocanLuni, 

F. Postenor contusion. 

(From Montz, A R.. Pathohgij of Trauma- Phdadciphia, Lea & Febiger, 1054. Reproduced 
by courtesy of publislier.) 


to the heart may be disproiiortionate to the 
morphologic evidence of injury has long been 
recognized (Kulbs, 1909). It is a fact that a 
precordial impact may result in a severe and 
even a fatal disturbance in the function of 
what may appear to be an undamaged heart. 

Without the benefit of a direct examina- 
tion of tile injured heart the clinical obserx'cr 
has no way of recognizing the extent to whicli 
the obserx'ed functional disturbance may be 
accompanied and e.xplained by disruption of 
structure. iTsuahy the most tiial can be said 
on tlie basis of histoiy and clinical examina- 


tioD is that cardiac dysfunction developed 
immediately after, and presumably as the re- 
sult of, an external impact. A posttraumatic 
functional disturbance of tlie lieart that is 
transient does not indicate the absence of 
structural change, neither does one that is 
fatal require the presence of a visible struc- 
tural lesion. 

There is ample evidence from animal ex- 
perimentation to support the conclusion tliat 
the force of a blunt imiiact to tlie cliest may 
cause a xx-idc variety of nonfalal or fatal dis- 
turbances in cardiac function without visible 
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evidence of injury (Kidbs, 1909; Schlomka 
and Schmitz, 1933, Bright and Beck, 1935, 
Kastert, 1939). 

In a series of dogs in which tlie heart w’as 
exposed and subjected to nonfatal blunt impact, 
Nforilz and Atkins (193S) found that stnictunil 
evidence of cardiac injury was absent in 3 of 5 
aiumals tliat dev'eioped posttraumatic extrasys- 
toles, in 1 of 2 that dev’eJoped bradycardia, in 
2 of 6 that developed tachycardia and in 2 of 7 
that developed ventricular fibrillation. 

Since it is rarely possible to make a direct 
examination of the heart of a living iiersou 
who has recently suffered a nonfatal cardiac 
injury, tlie frequency witli which such tran- 
sient posttraumatic cardiac disturbance oc- 
curs independently of structural lesions is not 
known. Transient posttraumatic disturbances 
in cardiac function in man following impact 
to tlie chest ore not uncommon (Bright and 
Beck, 1935; White and Glendy, 1941; Barber, 
1944). A few reasonably well-documented 
instances of death of persons resulting from 
heart failure following blunt injury of the 
chest, in which neither gross nor microscopic 
evidence of cardiac injury was disclosed by 
postmortem examination, have been reported 
(Warburg, 1938; Barber, 1944; Hedmger, 
1944). 

Certainly tlie evidence purporting to es- 
tablish that the failure of an apparently un- 
injured heart has resulted from the direct 
effect of mechanical violence sliould be ex- 
amined most critically. Tlie requirement pro- 
posed by Kahn and Kahn (1929) that tlie 
signs and symptoms of cardiac dysrhythmia 
should develop immediately after the trauma 
in order to be consistent with a eause-and- 
effect relationship should be regarded as 
minimal. 

The unreliability of tlie clinical diagnosis of 
traumabc heart disease, even Uiougli it qualifies as 
such under the relatively rigid criteria of Sprague 
(1947), is well illustrated in a case reported 
by Gore (1950). A >oung soldier not previously 
recognized to be suffenng from he.vrt disease 
sustained a blow to the chest which was followed 
by precordiaJ fuin, sliock and baclijcardia. On 
the fourth day of hospitalization, gallop rhytlun 
and a prccordial friction rub were heard. Death 


from ventricular failure occurred on tlie seventh 
day. Postmortem examinafaon disclosed that 
death resulted from subacute and chrome myo- 
carditis which obviously had been present and 
asymptomatic for a considerable time before the 
occurrence of the injury. It was concluded that 
the traumatic episode had, at the most, acted as a 
trigger mechanism in precipitating the terminal 
illness. 

The mechanism of traumabc dysrhytlimia is 
obscure. Schlomka and Schmitz, and also Kas- 
lert, concluded from animal expenments that tlie 
cardiac disturbances caused by commotion are 
probably caused by reflex coronary vasoconstric- 
tion and myocardial ischemia. In support of this 
theory, Kastert reported the finding of focal 
areas of myocardial degeneration and necrosis 
m relation to the coronary termini m animals that 
had survived the immediate effects of 4 non- 
disruptive cardiac impact. Muller (1942) de- 
scribed disseminated foci of ischemic change in 
traumatized human hearts. Kartagener (1940), 
after a clinicopathologic study of the problem, 
doubted the occurrence of traumatic vasospasm 
unless the coronary arteries were already tlie seat 



Figure XII-IU. Evpfoshe laceration of loft VLiilmlc 
due to lijtlroiljUc forte dev tloptd dunng impact frtjiii 
fall from heiglit. 
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Figure XII-11. Diifu-iC mtmtttial cxtraxasation of erylltrotytes at (lie Mte 
of a postenor m>ocardial contusion. Death occumtl several hours after 
blunt injury of clicst. llcinalutyhn-cosin. X 100. 


of atlierosclerosis. That coronary disease may in- 
crease the susceptibility of the heart to trauma 
receives some support from the early experiments 
of Klilbs and Strauss who observed that rabbits 
having cholesterolosis of the coroiury aricnes 
were less tolerant of thoracic impacts than normal 
animals. 

Cardiac Contusion and Laceration. A con- 
fusion is a diffuse extravasation of blood into 
tlie interstitial spaces caused by impact ( Fig- 
ure XII-11). Minute vascular defects through 
which blood escapes may be created by ex- 
cessive distortion or stretching of the tissue 
or by a sudden rise in intracapillary pressure 
because of the hydrostatic effects of sudden 
compression. 

If only tlie heart is examined it may be 
difficult or impossible to distinguish between 
contusion and certain nontraumatic interstitial 
extravasations of blood. Subendocardial and 
subepicardial hemorrhage are frequently en- 
countered when death has been preceded by 
an agonal period of asphyxia or anoxia or 
when deatli has been caused by some power- 
ful systemic poison sucli as arsenic. Persons 
dead of hy-perthermia frequently reveal spon- 
taneous hemorrhages beneatli llie endocar- 
dium. If an interstitial c.\travasation of blood 
represents a contusion, it should be localized 


to the heart and such other structures as were 
ill the path of force, whereas if the bleeding 
was spontaneous and the result of a systemic 
disorder, it is not usually confined to the 
thoracic viscera. Another type of nonlrau- 
inatic interstitial heinorrliagc that may simu* 
late cardiac contusion is an early infarct. The 
true nature of such a lesion is ordinarily dis- 
closed by the finding of the occluded vessel 
and the presence of a central zone of ischemic 
necrosis. 

A laceration is a gross defect in Uie con- 
tinuity of tissue caused by a crushing or 
stretdiing force and, although it may or may 
not be associated with contusion, it is almost 
invariably associated witli hemorrhage. An 
exception to this rule is a laceration of the 
chordae tendineae, inasmuch as these struc- 
tures are normally avascular. 

At first glance, it may be impossible to dis- 
tinguish between traumatic rupture of the 
lieart and spontaneous rupture from disease. 
Altitough the heart may be ruptured by a 
precordial impact, spontaneous nipture at the 
site of a recent myocardial infarct occurs more 
commonly. Should an infarct rupture, it usu- 
ally does so within 3 to 10 days after its de- 
velopment The true nature of such a lesion 
may not be recognized until either the site 
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of vascular occlusion is located or microscopic 
examination discloses changes indicative of 
antecedent necrosis. 

Impacts responsible for disruptive cardiac 
injury are usually sustained over the pre- 
cordium and may or may not be associated 
with fractures of the sternum or ribs. Helpern 
(1949), who has had extensive experience in 
tl\e field of pathology of trauma, reported that 
he has never seen contusion or laceration of 
the human heart (or coronary arteries) as an 
isolated injury. He believes that the absence 
of objective evidence of extracardiac trauma 
justifies the conclusion that the cardiac lesion 
is probably nontraumatic. Although a fall 
from a height is the most common traumatic 
cause of cardiac rupture (Figure XII-10), a 
w’ide variety of trauma has been reported in 
the literature. Beck has emphasized the im- 
portance of the steering-wheel impact in 
which the driver is tlirown forward by the 
sudden deceleration of Ins vehicle. It should 
be borne in mind that tlie object responsible 
for tile fatal precordial impact may not be 
immediately recognized. 

A man found dead on the floor of a factory 
was thought to have died of spontaneous car- 
diac rupture following infarction but at autopsy 
it was discovered tlial his cardiac lesion was un- 
doubtedly of traumatic origin. It %vas subse- 
quently learned th.it he had been working on a 
piece of wood, this had become jammed in a 
circular saw and was then hurled against liis 
chest, causing immediate death. The piece of 
wood was later found at a considerable dis- 
tance from the place where he had fallen. 

Cardiac contusions and lacerations result- 
ing from blunt injury may be anterior and 
directly beneath the site of the external im- 
pact or may be remote from it. Injuries from 
anterior thoracic trauma are sometimes found 
in the posterior wall of tlie ]ie.art, presumably 
as a result of impact of the heart against the 
vertebral column. According to Urbach 
(1922), the distribution of cardiac lesions re- 
sulting from blunt impact, arranged in order 
of diminishing frequency, are; right atrium, 
left ventricle, riglit ventricle, left atrium, 
interv’cntricular septum, and valves. 

Tlic experimental findings of Moritz and 


Atkins (1938) suggest tliat the hydrostatic 
force incident to sudden compression of the 
heart between the sternum and ribs anteriorly 
and the vertebral column posteriorly is a fre- 
quent cause of rupture. Lateral displacement 
of the heart by an obliquely directed force 
may lacerate the pericardium without damage 
to Uie heart or may tear the wall of the left 
atrium at the ostia of the pulmonary veins. 
In cardiac laceration incident to a fall from 
a height, partial or complete circumferential 
laceration of tlie aorta immediately above the 
aortic valves is sometimes encountered. 

It has l>een observed both in persons and 
in experimental animals that a blunt injury 
of the lieart may lead to widely disseminated 
myocaidial hemorrhages without visible lacer- 
ation. These are api>arently the result of mi- 
nute focal lacerations of muscle and probably 
result from an impact delivered while the 
ventricles are filled with blood. Both Munck 
(1937) and Warburg (1938) have stressed 
the frequency of this type of injury in Im- 
man beings. 

Posttraumatic Dysrhythmia. It appears 
that many if not most of the functional dis- 
turbances of the heart that have been ob- 
served in animals following blunt impact to 
tlie precordium may follow cardiac trauma 
in man. 

In a series of experiments reported by Kulbs 
and Strauss (1932), bradycardia with extrasys- 
toles was obseA’ed after single iionfatul impacts. 

In animals suiferiiig from previously induced 
cardiac abnormality (aortic regurgitation, coro- 
nary cliolesterolosis, digitalis poisoning, thyroxin 
poisoning), the posttraumatic disliirhances in 
rhythm were often accompanied by acute cardiac 
dilatation and terminated in dcatli. 

In experiments by Sciilomka and Schmitz 
(1933) there were poMraumalic changes in the 
QRS and T waves .and bundle branch block, the 
cliangcs being similar to those winch result from 
coronary insuificicncy. The elettrocaidiographic 
disturbances were accompanied by a <ifop m ar- 
tcnal pressure, a rise m venous pressure, and 
nght-sided dilatation. Bright and Bock (1035) 
exposed the heart m dogs and subjected it to 
direct impact of a inetaJ ixiininer. There was 
often an immediate .ind extreme rise in pube 
rate with falling arterial and rising venous pres- 
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sures. In e\periments on survival, cardiac dilata- 
hon often persisted for several weeks. The elec- 
trocardiographic changes were similar to those 
reported b>' Schlomka and Scluiutz, and their 
disappearance tended to parallel the reduction 
in size of llic cardiac silhouette. 

That a similar range of functional disturbances 
may occur in man following tlioracic trauma is 
indicated by the numerous case reports included 
in the reviews wntten by Bright and Brick 
(1935), Glendy and White (1938), Warburg 
(1938), and Barber (1944). 

Tamponade. Unlike tlie relatively slow 
bleeding so often observed after penetrating 
injuries of the cardiac chambers or of the 
epicardial vessels, hemorrhage following the 
tj'i^e of cardiac laceration characteristically 
caused by blunt impact is usually so rapid 
os to he fatal almost immediately. 

Myoc^irdial contusions heal readily if the 
immediate functional effects of the injury arc 
survived, and witliin a week the interstitial 
extravasation of blood is absorbed witli little 
or no residual abnonuality. The persistence 
of functional disturbances for more tluui a 
few days after injury should, in the absence 
of hcinopcricardiuin, cast doubt on the trau- 
matic origin of the disturbance. An imjmrtant 
e.xception to this generalization is the trau- 
matically produced laceration of the interveu* 
tricular septum. As pointed out by Cary and 
.issuciatcs (193S), such an injury m.iy result 
in chronic, progressive cardiac disability sim- 
ilar to that caused by a congenital interven- 
tricular septal defect. 

Injuries of the Valves. The cardiac valves, 
their chordae tendinae and their paijillary 
muscles, may he laccratc'd by prccordi.iI iin- 
iwct, by hydrostatic force transmitted from 
sites of trauma elsewhere in the body, or by 
the strain of overexertion. According to 
Glcudy and While (1036), nearly all rup- 
tured v'aKcs are found at autopsy to have 
been the scMt of antccc'deut disease. 

'Hie l.irgcsl stri'es of (miimaUc rupture of nor- 
iii,\l valves is llul reported by Adam in 1937 and 
includes 10 cases. Of these, 7 were of the aortic, 
3 of the mitral, I of the aortic and the milm], 
2 of the pulmonic .ind I of the tricuspiiL In 
1928 Howard collcctccl 112 cases of valvular 
rupture but Uiis scries included both diseased 


and normal valves. White and Glendy (1941) 
have stressed the importance of being most criti- 
cal of tlie evidence purporting to establish that a 
diseased valve has become insufficient because of 
trauma. Unless it can be shown that the valvular 
insufficiency developed after, and not before, the 
trauma and that the trauma or stress was of 
such a nature as to be consistent with the produc- 
tion of a disruptive force against the valves, Uie 
sequence in question should be regarded as un- 
proved. If traumatic rupture of an atrioventri- 
cular valve IS suspected, the heart should be 
opened with great care so as to avoid cutting 
the chordae tendmeae. 

Iatrogenic Injuries. The most commonly en- 
countered iatrogenic cardiac injury is a punc- 
ture wound of the right ventricle sustained 
incident to the inlracardiac injection of a car- 
diac stimulant. Occasionally sufficient blood 
escapes from sucli a wound to produce tam- 
ponade. Extensive contusion of tlio myocar- 
dium is seen conunonly at postmortem ex<im- 
iuation of persons upon whom resuscitation 
by cardiac massage lias been attempted. 

Extensive myocardial laceration may be pro- 
duced in tlus manner (Hurwitt and Scidenberg, 
1933). Goodwin (1953) has called attention to 
the possibility of entangling tlie tip of a cardiac 
catheter in one of the columnao cameae of the 
right ventricle, with resulting damage to the 
underlying my ocardium. 

Since 1930 interest has rapidly grown in a 
unique type of cardiac injury sustained as a re- 
sult of cardiac massage. In 1957 Adelsoii re- 
ported a study of the pathologic changes obscrvevl 
m the hearts of 60 persons, 44 of whom died 
during massage and IG of whom surv'ivcd cardiac 
massage for penods ranging from several hours 
to ten days. In 35 of Uic CO, the cardiac damage 
was charactenzed cither as absent or slight, and 
m 23 as moderate or severe. An injury mani- 
fested by extensive subepicardial, subendocardial 
and myocarihnl hemorrhages was cluracteri/e<l 
.IS inodenitc. If gross laceration of a coronary 
vessel or of the myocardium was idcnliRcd, the 
injury' was characterized as severe. Although 
hearts containing old or recent inhirels were 
found lu be p.uticuLirly vulnerable to laceratioii, 
the severe injuries were nut limited to this group. 
Tlic author concluded Uut cardiac injury as 
result of massage w,ts a function of lecimiquc 
rather tiuii of the duration of the tre.ilment or 
the prersciicc of m>ocardi.il disease. 
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Injuries of Coronary Arteries and Veins. 
The functional or vasoconstrictive effects on 
the coronary arteries of force applied to the 
heart have been discussed in relation to car- 
diac commotion. Coronary vascular contusion 
and laceration remain to be considered. 

Blunt injury. Although any coronary ar- 
tery or vein lying in the path of force trans- 
mitted from a blunt impact to the precordium 
is theoretically capable of being bruised or 
lacerated, the vascular injury incurred in such 
circumstances is ordinarily a relatively insig- 
nificant feature of the total trauma. The larger 
epicardial arteries and veins are cliaracter- 
istically less vulnerable to injury by crash- 
ing, distorting or displacing forces than the 
tissue around them. A blunt impact to the 
chest of such violence as to cause bruising or 
laceration of a coronary vessel almost in- 
variably produces concomitant myocardial 
damage of greater import. 

In certain special circumstances the effects 
of trauma may be so sharply localized that 
vascular contusion is the most significant fea- 
ture of the injury. Although it might seem 
plausible that coronary arteries and veins 
were equally susceptible to such trauma, the 
significance of venous lesions incurred in this 
manner is negligible. 

Jiloritz and Atkins (J93S) in experiments on 
dogs exposed the heart and delivered repealed 
blows o\er the descending ramus of the left 
coronary artery (Figure XH-9). The only in- 
stances in which recognizable vascular injury was 
sustained were in those experiments in whicJi 
gross laceraUon of the myocardium occurred. 
Severe myocardial bruising was produced with- 
out appreciable d.image to tlie coronary vessels 
l>iJig directly beneath tlie site of impact. Jn un- 
published experiments, Montz observed that it 
was necessary to cnisli an artery between the 
jaws of a clamp in order to produce a localized 
%’ascular injury of sufficient intensity to result in 
thrombosis. Even in such circumstances the pro- 
duction of sufficient trauma to predispose to 
thrombosis is likely to result in the fonnation, 
first, of a false aneur>sm as a result of the escape 
of blood into die wall of the vessel and, subse- 
quently, because of free bleeding into the peri- 
cardial sac. 

Tlirombus formation in the lumen of the 


damaged artery rarely results in occlusion and 
is characteristically confined to the mural de- 
fect, where it organizes as part of the repara- 
tive reaction. 

Tlie difficulties that have been encountered 
iu attempts to produce traumatic coronary 
tlirombosis in animals justify a most critical 
appraisal of the evidence when it is averred 
that such a thrombus has occurred in man. 
The facts ( 1 ) that active persons and particu- 
larly those engaged in physically arduous 
occupations frequently sustain thoracic im- 
pacts, and (2) that atherosclerotic heart dis- 
ease is one of the most common causes of 
disability and death among the adult popula- 
tion, make it inevitable that many persons de- 
velop coronary thrombosis after sustaining 
some form of tlioracic trauma. In most in- 
stances the sequence is fortuitous and not 
indicative of cause-and-effect relationship. 
We cannot exclude the possibility that blunt 
impact may in certain special circumstances 
produce, in an already diseased artery, suffi- 
cient localized injury to precipitate throm- 
bosis. If coionary thrombosis is known to 
have developed within a few days after a se- 
vere precordial impact and if the site of 
thrombosis corresponds to the path of the 
transmitted force, the possibility of a cause- 
and-effect relationship needs to be enter- 
tained. If evidence of myocardial contusion 
or laceration in the vicinity of the vascular 
lesion is found at postmortem examinaton of 
such an individual, the possibility that trauma 
contributed to the development of thrombosis 
would be reasonably certain. 

Thus, in a death iiivcstigatod by the author, 
postmortem examination perfonned 5 da>s after 
the decedent had sustained a emshing injury of 
the chest disclosed a transverse fracture of the 
body of the stcniiun, hemorrhage tliroughout tlie 
anterior mediastinum, laceration of the parietal 
pericardium, contusion of the cpicarduiin and 
mvocardium over Uic upper anterior portion of 
tile interventricular septum, recent tlirombosis 
of the atherosclerotic proximal segment of the 
descending ramus of the left coronaiy' and recent 
infarction of the tip of the left ventricle. Al- 
lium^ it was not clear whether the thromlwsis 
liad occmrctl bccanve of direct vaseubr injury 
nr because of tlie state of the sv-stcmic circulator)' 
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Figure XII- 12. Direct injury of heart by blunt and penetrating iniurics to Uioras. (From Montz, A. R-t 
/ A.Sf.A., IS6. 1306, 1951, courtesy of the editor. ) 


stasis and shock which followed the injury, there 
was no reason to doubt a cause-and effect rela- 
tionsliip between trauma and thrombosis. 

Traumatic Pen'eardftis. Earlier m this 
chapter attention was called to the occurrence 
of pericarditis as a complication of penetrat- 
ing injury. Despite several clinical references 
to the occurrence of pericarditis with effusion 
following blunt injury, tlie author is in agree- 
ment \vitli Helpern (1949) that tliere is no 
convincing pathologic evidence of such an 
entity. The escape of blood into the pericar- 
dial sac may cause pericarditis but if blood 
escapes into the pericardium as a result of 
blunt violence it does so because a chamber 
lias been lacerated, and the patient rarely if 
ever survives sucli an injury for a period long 
enough to permit the development of peri- 
carditis. 

A typical iDustr.'ib'oii of the kind of clinical 
evidence cited in support of the concept of trau- 
matic pencarditis is pro\ided by a case reported 
by Ada and associates (1950). A man was kicked 
in the chest by a 3-) ear-old child and subse- 
quently (2, 3 and 5 months later) had pericnrchal 
taps w'lth removal on each occasion of approxi- 
mately 400 ml. of old and recently shed blood. 
Because the patient stated that lie suffered pain 
in the chest when he was kicked and because no 


other cause of the bloody effusion was discovered, 
tlie pericarditis was designated as traumatic. 
While the nature of any injury tliat might have 
been inflicted by tlie child and the cause of tJiese 
delayed and repeated episodes of fiitrapericardial 
Weeding are not clear, the traumatic etiology of 
the condition certainly cannot be regarded ns 
established. 

General Clinfcopathologic Correlations- 
The various functional disturbances wliiclt 
may result from blunt and penetrating injuries 
of the heart are summarized in Figure XII* 
12 (Moritz, 1954). It should be noted that 
no clinical consequence of a nonpenetrating 
cardiac injury is pathognomonic of trauma. 
Altliough cardiac trauma may lead to the 
various disturbances that are indicated in Fig* 
ure Xn-12. tlie mere occurrence of such a dis- 
turbance following a tlioracic injury does not 
of itself constitute proof that it was caused 
by the injury. In general, a functional disturb- 
ance of the heart that has been caused by 
trauma will almost invariably manifest itself 
almost immediately. The longer the interval 
between the occurrence of an injury and the 
subsequent development of signs or syanp- 
toms of cardiac dUturhance, the less the hke- 
liliood that there is a cause-aiid-effect rela- 
tionship between them. 


THE INDIRECT OR SECONDARY EFFECTS OF PHYSICAL 
VIOLENCE ON THE HE^VRT 

Wilimjt doubt a hejrt already handicapped vidar disease is more likely tliati a nomrai 
by a fixed reduction in the iiatency of its coro- heart to dilate and fail following the imposi- 
nary arteries, or by severe myocardial or val- tion of a sudden increase in work load. It is 
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doubtful that a normal myocardium ever sus- 
tains permanent injury as the result of exertion 
or excitement. It is a fact, however, that in 
the presence of severe heart disease, cardiac 
failure and death may be precipitated by a 
pressor episode brought on either by violent 
exertion or by the excitement, rage, fear or 
pain attending the receipt of injury to any part 
of the body (Moritz, 1954). 

That severe heart disease is often compati- 
ble with an apparent state of health is well 
known. 

Afontz and Zaincheck (1946) found this true 
in a study of causes of unexpected death of young 
soldiers (17 to 37 years old) during World War 
II. Although these soldiers had recently passed 
one or more complete physical examinations in 
which neither a real nor a potential threat to 
health was recognized, postmortem examinations 
disclosed various forms of advanced heart disease 
of which occlusive coronary atherosclerosis com- 
prised the hugest number. The increased fre- 
quency with which the onset of the fatal attack 
of coronary insufficiency occurred during periods 
of strenuous physical exeition lends support to 
the opinion that a ptessar episode, wliatever its 
cause may be, is potentially dangerous to an in- 
dividual u’hose coronary artenes are too narrow 
to permit an increased flow of blood through 
them. 

This observation is not in disagreement with 
Master and associates (1937) who rightfully 
contend that coronary thrombosis is rarely the 
result of trauma or exertion. 

In those soldiers dead of a poslcxertional 
attack of acute coronary insufficiency, in whom 
thrombosis was found, it was apparent in all 
instances that the thrombus bad begun to 


form before, and not after, the episode that 
precipitated the fatal collapse. The only cir- 
cumstance known to the author in which it 
appears that a pressor episode may be instru- 
mental in precipitating coronary thrombosis 
is in relation to the kind of thrombosis that 
results from the rupture of a subintimal hema- 
toma. Spontaneous hemorrhage from capil- 
laries at the base and sides of a coronary’ 
atheroma leading to the formation of an ex- 
panding subendothelial hematoma which en- 
croaches upon and obstructs the lumen is an 
occasional cause of acute coronary insuf- 
ficiency. On several occasions the author has 
investigated deaths in which it appeared that 
bleeding into a coronary atheroma had been 
precipitated by an acute pressor episode and 
that intraluminal thrombosis had occurred at 
the site where the hematoma had ruptured 
through the intimal endothelium. 

Another indirect relationship between trau* 
ma and heart failure is that represented by 
the development of acute myocardial anoxia 
during a period of posttraumatic circulatory 
failure. Certainly an important factor in de- 
lermining the outcome of posttraumatic or 
surgical shock is the systemic anoxia that de- 
velops incident to peripheral circulatory fail- 
ure. In the presence of atherosclerosis, some 
parts of the body may suffer more than others 
during the period of circulatory failure. An 
occasional complication of, or sequel to, shock- 
in a person suffering from atherosclerotic 
heart disease is the development of nonthrom- 
botic myocardial infarction. Thus, disability 
or death from myocardial insufficiency may 
result from posttraumatic shock. 
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I ntroduction. Primary tumors of the heart 
are rare. Mahaim (1945) made a careful 
searcli of tlie available literature, and found 
413 primary tumors of the pericardium and 
heart. Of the 132 tumors vvhich he regarded 
as malignant, 45 arose from the pericardium 
and 87 from the myocardium. It must be real- 
ized, however, tliat among the reports which 
he included from the older literature, sev'cral 
are open to question. In view of the api>arcnt 
rarity of these tumors, it is remarkable that 
a few actually had been diagnosed correctly 
some time before the death of the patient. 
By the use of modern methods of tracing the 
arterial tree, and of c.ithclerization of the 
cardial chambers, it may be possible eventu- 


ally not only to diagnose but actually to lo- 
cale primary cardiac tumors more precisely, 
prior to consideration of their surgical re- 
moval. The following discussion is designed 
not only to give a classiBcation, an anatomic 
description and a review of pertinent cases, 
but also to xircsent such facts as may be im- 
portant for the clinicral recognition of primary' 
cardiac tumors. For practic.il iiuriioses, cer- 
tain lesions will be included here which in 
the strict sense of the word are not true tu- 
mors, such as cysts, leukemic infiltrations and 
Hodgkin’s disease. 

Classification. Tumors of the heart arc usu- 
ally classified as found principally in the 
pericardium, endo^ ’ or nn ocardmm. 
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Such a classification does not imply that the tliclial) structures. In the following discus- 
tumors actually arise from these structures, sioii, as far as feasible, this classifiaition will 
since certain myocardial tumors are believed be employed, 
to arise from misplaced pericardial (meso* 

PRIMARY TUMORS OF THE PERICARDIUM 


Tumors arising from the pericardium arc 
rarer than those originating within the myo- 
cardium. Mahaim was able to collect 84 tu- 
mors of the pericardium (Table XIII-1), the 
ma)ority of which were malignant; 24 were 
mesotheliomas (coelotheliomas) and 20, sar- 
comas. 

TABLE XlII-1 


Frequency of Vanoui Pencardial Tumors. 
According to Mahaini (1043) 


Fibromas 

7 

Lipomas 

3 

Angiomas 

Coelotheliomas ( mabgnant 

10 

mesotheliomas) 

24 

Sarcomas 

20 

Miscellaneous, cysts 

19 

Unclassified, mabgnant 

1 


Mesothelioma 

Mesotheliomas, arising from any serous 
membrane, are very rare, and a few authors 
deny their e-ristence. Yet, on rare occasions, 
every pathologist who has extensive autoi>sy 
material at his disposal encounters a tumor 
which obviously has arisen from a serous 
membrane. Microscopically, such a tumor 
may consist of large cells, cuboidal in shape, 
witli eccentrically placed nuclei. Sometimes 
these cells form pseudoglandular structures, 
and closely resemble those swollen meso- 
thelial cells so often encountered in chronic 
inflammation of serous membranes. If a care- 
fully conducted postmortem examination ex- 
cludes a primary tumor else\vhere, one is 
justified in designating tlie tumor of tlie serous 
membrane as a primary mesothelioma or, ac- 
cording to the French and also the German 
literature, a coelotlielioma, 

Dawe and co-workers (1933) re\iewcd the 
literature and reported a diiRise fibrous meso- 
theb'oma of the pericardium in a SS-year-oId 
man. Sarrell (1955) reported a primary meso- 


tlielioma which had metastasized to one of the 
hiljr lympli nodes of the lungs. 

Bergman and Jacobsson (1958) rc^iortcd a 
mesotlielioma of the pericardium which was asso- 
ciated with cxteiishc involvement of the pleura, 
so that primary origin from the pericardium 
could not be definitely established. The neoplasm 
invaded (he myocardium, extended to tlic endo- 
cardium, and gave rise to \videspre4id metastasis. 

Tiiomas and Phythyon (1957) observed a 
mixed type of primary mesotlielioma of the peri- 
cardium in a 78-ycjr-old Negro. Death v^as 
caused by hemorrhage into the pericardial cavity. 
The neoplasm was composed of fibrous elements 
and epithehal-hkc structures arranged iu parallH 
rows. Kubat and Todorovitova (1DS0) reported a 



Figure XIII-1. Tumor of pericardium termed endo- 
thelioma, but obviously a mesothelioma. The epicar- 
dium is e-vposed. Note nodules on both visceral and 
panetal surfaces. (From Dick, J. C.: Endollieb'on'o 
of the pciicarilium. /. Path, and Bad., 47:43-46. 
1938. Figures XllI-1, 2 and 3 are reproduced by 
courtesy of the publishers.) 
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primary malignant mesothelioma of the pencar- 
diuin in a dl-year-oId woman. 

Description. The case report of a malignant 
mesothelioma by Reals and associates (1947) 
contains a characteristic descnption. This tumor 
was found in a 58-year-old white man. The peri- 
cardial sac was tense, distended, enlarged, dark 
blue and contained 1000 ml. of bloody Huid. The 
heart weighed 450 grams. The surface of the left 
ventricle and the entire conus of the heart were 
studded with hard white masses measuring up to 
3 cm. in diameter. The right ventricular surface 
was almost completely covered with coalescent 
masses which invaded the heart muscle for a 
depth of 0.5 cm. Extending from the pericardial 
cavity along the surface of the pulmonary artery 
were many small nodules 1 to 3 cm. in diameter. 
The bronchi were carefully dissected, but no 
tumor could be found. Metastatic growths were 
present in the hilar nodes, right pleura, right 
lung and both kidneys. Microscopically, the neo- 
plasm was highly cellular and pleomorphic. The 
cells grew in cords with a slight suggestion of 
whorlmg, but no deSnite alveolar arrangement 
was seen. The nuclei vv'ere large with prominent 
nucleoli, the cytoplasm was acidophilic and finely 
granular, and mitotic figures were numerous. 

Dlasnosis. In the absence of more reliable 
criteria, the diagnosis of pericardial mesotheli- 
oma must rest to a great extent on a process of 
elimination. Robertson (1924) reported a neo- 
plasm originally diagnosed as a primary pericar- 
dial tumor but subsequently proved to be metas- 
tatic from a primary bronchogenic caicinoma. 
Willis (1938) concluded that mesotheliomas of 
serous membranes do not have distinctive histo- 
logic criteria. In order to render a diagnosis of 
“mesothelioma,” it is necessary to perfonn a 
complete postmortem examination and exclude 
every epithelial structure in the body as a possi- 
ble source of carcinoma. In legard to histologic 
findings, Dick (1938) remarked that, in his 
tumor (Figure XIlI-l), the elongated acini lined 
by flattened cells did not resemble primitive vas- 
cular channels sufficiently to permit classifying 
the tumor as a l>Tnphangioendothclionia. He 
asserted that there was a resemblance to the en- 
larged Ijinphatics sometimes seen in infI.immator>' 
conditions. The likeness of the cellular iniiiig of 
the more regular acini to the groups of >oung 
proliferating pcrfcaidial cells (Figures .XIiI-2 and 
XIII-3) found in organizing pericarditis strongly 
suggested a close genetic relationship. This vievv’- 
point was also supported by the irregular alveolar 



Figure XUI-2. Photomicrograph of tumor shown in 
Figure XIII-2. Note tumor cells lining connective 
tissue stroma. X 350. 


arrangement, Uie vanation in size of tlie acini, 
and Uie findings of large irregular intercommuni- 
cating channels. 

Sarcoma 

Steuer and Higley (1935) divided pericar- 
dial sarcomas into those limited to the peri- 
cardium and those wliiclt invade the myocar- 
dium. 

In their case of sarcoma limited to tho pericar- 
dium, a large mass within the pericardial sac 
grossly had the contour of tlie lieart, measured 
25 by 19 by 13 cm., was nodular, rubbery in 
consistency, and together with the heart w cighed 
2450 grams. On section, tlie heart was entirely 
surrounded by neoplastic tissue which extended 
from the epicardiuin outward, obliterating the 



Figure XliI-3. Tumor cells similar to lliosu Oiovvn in 
lugure Xlll'2, invading the subepicanli.d coiincxfivc 
tissue. llmatov>Iin and cosin. .\350. 
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pericardial sac and being intimately attached to 
the pericardium. The tumor was made up of 
multiple gray soft nodules which invoKed the 
epicardium aiid compressed tlie mj'OCardiuin from 
without but did not invade it; it also surrounded 
the pulmonary trunk and ascending thoracic 
aorta. On microscopic section, the tumor con- 
sisted for tlie gieater part of moderately sized 
discrete cells witli an oval nucleus and a scant 
rim ol acidopiiAic cytop’^asm. Tile stroma con- 
sisted of short, thin, acidophilic fibers vvliich 
tended to form a reticulated architecture. 

Parker and associates (1940) lecorded a pri- 
mary sarcoma of the pericardium wliich involved 
the myocardium. A large mass filled the middle 
portion of tlie mediastinum and a large part of 
die left side of tlie thorax and compressed the 
'eft lung. The mass appeared to be endosed 
within a distended sac and was firm and sohd, 
except for a portion near the base of the heart 
which was fluctuant. On cross-section it was 
seen that a yellow-white mass completely en- 
cased the heart and distended the pericardial 
sac. In some regions die neoplastic tissue was 
firm, in other regions soft and encephaloid. 
Large and small areas of hemorriiage and firm 
white bands of fibrous connective tissue extended 
through tlie tumor. Although the tumor as a 
whole seemed radier sharply demarcated from 
the heart muscle, it had invaded the myocardium 
in some areas. 


Bowman (1938) desenbed a primary ssrconi 
of the pericardium which produced metasPses t 
the lymph nodes in die region of the aoda. ^ 
myxo^hrosarcotiia of the pcvicardiuiu with coir 
pression of both atria and of the right vcntricl 
was reported by Schmidt (1918). He believe 
that tliis tumor arose on tlie basis of a faitby dt 
vclopmcnt of the primitive mesenchynu. 

Teratoma 

An intrapericardial cystic fcraloint*. re 
ported by Beck (1942), showed squ^imott 
epithelium, sebaceous glands, sweat gland 
and hair follicles, cndoinctriiiin, epitpeliun 
resembling that of the upper and lower jjastro 
intestinal tract, smooth muscle, fat and lynipl 
follicles. Tlie tumor was recognized clipicall; 
and was successfully removed at operation 

Cliireaux (1951) and Oasora-Dcfillo and Lich 
tenberg (1936) likewise described pericardia 
teratomas. Tlie latter found only 8 such instance 
on record. 

Leiomyoma 

A leiomyoma of tlie pericardium was re 
ported by Brondes and associates (19^2) h 
a 19-year-old male. 

They found a mass bulging from tin? peri 
cardium over tlie left atrium and base auti-dorly 
when incised, it allowed Uie escape of abaut 6t 
m). dl Vloody huicl. >Vicroscopic exainmation oi 
the tumor rev ealed uniformly appearing elongatec 
cells with long slender nuclei, most of which hac 
hluiit ends, and with pale-staining but defiaitely 
acidophilic cytoxilasm. Hemorrhages wer^ P*'Ci- 
eiit ill some areas. Death was unexpected ant 
was probably caused by compression of the 
atnum by the tumor, die compression having 
been suddenly increased by hemorrhage- The 
authors believe that tliis is tlie second c^se ol 
this type on record. 

Hemangioma 

Angiomas are very rare (Figure XJH*^)- 
Lv-mphangiomas (Halonen cf aL, 1953) c.ud 
hemangiomas (Reiner and Silberg, 1953) 
have been reported. Most of tliese lesioAS are 
now classified as hamartomas. In fact, Fisher 
and assodates (1951) reported a tumor which 
they actually termed hamartoma of the 
lymphatic type (lymphangioma). 
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Pericardial Cysts 

Pericardial cysts or coelomic cysts are lined 
by mesothelial cells which, in some instances, 
are difficult to distinguish from vascular endo- 
thelial lining cells. Lambert (1940) thought 
that such cysts may be caused by failure of 


primitive mesenchymal lacunae, which form 
die pericardium, to fuse with each other. For 
a discussion of other cysts, see Cysts of the 
Myocardium. A large pericardial cyst, desig- 
nated as a coelomic cyst, was reported by 
Gerbasi (1954). 


TUMORS OF ENDOCARDIUM AND MYOCARDIUM 


Incidence. The variation in incidence of 
primary cardiac tumors as encountered at 
autopsy may be seen from Table XIII-2. 

Table Xni-3 lists various types of tumors 
reported. 

Age. Cardiac tumors occur at all ages. In 
Mahaim’s series, the ages of persons with 
myxoma of the heart varied from birth after 
8 months’ gestation to 79 years. TJiere were 
5 instances in the Erst decade, 5 in the sec- 
ond, 14 in the third, 12 in tlie fourth, 16 in 
the fiftli, 13 in the sixth, 8 in the seventh, and 
3 in tlie eighth decade. 

Sex and Race. There is no appreciable dif* 
ference in the incidence of cardiac tumors 
between the sexes. Since most of the perti- 


nent literature originated in European coun- 
tries, no statement can be made in regard to 
the incidence of these tumors among various 
races. Isolated reports are available of such 
tumors in the Negro race and in members of 
the Mongolian race. Cardiac tumors are also 
found in the animal kingdom, and further 
reference to such occurrence will bo made 
subsequently. 

Clinical Features. A few instances of car- 
diac tumor diagnosed during life have been 
reported. Mahaim stated that of all case re- 
ports on cardiac tumors, the correct clinical 
diagnosis was made 23 times and was sus- 
pected in 5 other patients. However, only 8 
of these 23 patients disclosed a tumor that 


TABLE XIU-2 


Incidence of Piliiiary Cardiac Tumori at Autopsy 


Auitiffr 

Year ; 

of 1 

Report 

of 

Primary 

Cardiac 

Tumors 

[A?om6cro/ 

' Autopsies I 

Remarks 

Tliorel 

1907 

0 

3.000 


Bryant 

1907 

1 

2,942 

A rhabdomyoma. 

Karrenstein 

1908 

0 

6,655 

Morris 

1933 

1 

9,000 


L>mbumer 

1934 

4 

8,530 


Shelburne 

1935 

3 

12,000 


Pollia and Gogol 

1930 

154 

36,000 

Based on all reports in Iitcrahire up to 1936; 
these authors believed this incidence to be 
too lugh. 

Benjamin 

1939 

12 

40,000 

Scott and Garvin 

1939 

0 

11,000 


na\id and Sachs 

1943 

1 

1,888 


Straus and Alerhsj 

; 1945 

0 

3 

36,000 

1,550 


Leach 

1947 

1 

1 

648 

6,274 

Autopsies perfonned on siable fetuses; a tu- 
mor, a Thab(loin)oma, was found in a siillimm 
fetus of montlis. 

Total included 509 autopsies on viable 
fetuses and newborn infants; a tumor, a rbab- 
dom>t)sarcom3, was encountered in a boy of 
14 years. 

Sapliir 



7,889 

Sarcoma reported by I'crlstcin (1918); myx- 
oma, by Strouse (1938). 
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TABLE XIII-3 


Tumors Arising from the Heart (Mahaim, 1943) 


1 

Designation of Tumor 

1 

Polypoid, 
Tumors 1 

A’on- 

polijpoid 

Tumors 

Total 

Myxoma 

S2 

23 

103 

Fibroma 

8 

29 

37 

Lipoma 

4 

10 

14 

Angioma 

4 

9 

\3 

Rhabdomyoma — 

Mexotheboma arising in re- 

CO 

60 

gion of Tawara’s node 
Miscellaneous (cysts and 


5 

5 

other benign tumors ) 

— 

8 

8 

Sarcoma 

21 

GO 

87 

Totals 

119 

210 

329 


was primary in the heart. Well and Vickery 
(1947) found 2 additional metastatic tumors 
correctly diagnosed by Hsiung and associates 
(1940). 

Yater (1931), in his discussion of signs and 
symptoms of primary heart tumors, stressed the 
following aspects of diagnosis-. 

A. Clinical types not suggestive of tumor of 

the heart: 

1. Absence of symptoms referable to heart 

2. Symptoms of cardiac embarrassment 
termmally 

3. S>mptoins of congestiie heart failure 

4. Sudden death 

5. Symptoms suggestive of subacute bac- 
terial endocarditis 

B. Cliiucal t)’pes suggestive of tumor of the 

heart: 

1. Heart block 

2. Symptoms oilier than heart block, refer- 
able to location of tumor 

3. Sjinploms of cardiac dysfunction devel- 
oping without apparent cause in a pa- 
tient with a known malignant process 

4. Accumulations of hemorrliagic, pericar- 
dial and pleural £uid 

5. Suggestive roentgenographic observa- 
tions 

WoII and Vickcr>- remarked that the following 
Endings were suggestive or diagnostic of heart 
tumor: 

1. Unexplained and intractable cardiac 
failure, which is often the Erst and Enal 
attack 

2. Unexplained and sometimes inconstant 


changes in cardiac rhytlim, sounds and 
size, as judged by physical, roentgeno- 
graphfe and electrocardiographic e.rami- 
nabons 

3. Development of licmorrhagic pericar- 
dial effusion. (The presence of neo- 
plastic cells ill the fluid may confirm 
the diagnosis.) 

4. Unexpected signs of obstruction of the 
cardiac blood flow or of tJie blood flow 
of the major thoracic vessels 

5. A specimen removed in arterial embo- 
lectomy which is shown on microscopic 
examiiutlon to be derived from a tu- 
mor of the heart 

Respiratory difficulty is a striking feature in pa- 
bents vvitl) atrial tumors. Field and associates 
(1945) remarked that the most characteristic 
feature of such tumors is tlie inability to ascribe 
a satisfactory etiologic cause for the obv-ious signs 
of organic heart disease. It is only by carefvd 
observation, frequent clinical examinations and 
accurate follow-up of patients, vvitli this condi- 
tion in mind, that more definite criteria for early 
diagnosis may be assembled. There is general 
agreement that cardiac tumors would be recog- 
nized more often if the clinician considered them 
in the differential diagnosis of a relevant cardiac 
condition. 

Beck (1942) reported a remarkable case in 
which a cardiac tumor (a c>st)> not only was 
diagnosed clinically, but was successfully re- 
moved and the patient lived, even tliough most 
of tlie "tumor" prior to operation had been em- 
bedded in the myocardium. Tlie electrocardio- 
graphic changes present before operation eventu- 
ally disappeared entirely and the patient ap- 
peared to be cured. The "tumor” proved to be, 
not a true neoplasm, but a cyst that had calcified 
walls and contained material having tlie consist- 
ency of packed clay. This was apparently the 
first time that a benign cyst or tumor of die heart 
was recognized clinically and removed success- 
fully. 

Myxoma 

Nature of Lesion. Endocardial tumors are 
recorded more frequently than all other pri- 
mary heart tumors. They arise in the region 
either of the mural or of the valvular endo- 
cardium. Depending upon the point of view 
of the observer, tliey are classified as true 
tumors or pseudo-tumors. In the older litcra- 
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ture (see Tbore], 1907), these lesions were 
almost invariably classified as true tumors. 
Thorel, however, stressed that not a single 
instance reported up to that time could pos- 
sibly be classified as a true unquestionable 
myxoma but must, in the final analysis, be 
regarded as an organized thrombus. Husten 
(1923) also studied critically all the available 
relevant instances and interpreted the so- 
called myxomas of the heart as thrombi in 
various stages of organization. In Husten's 
series of 86 myxomas, the left atrium was in- 
\’olved 71 times, the right atrium 9 times, the 
right ventricle 3 times, and the left ventricle 
3 times. Within the left atrium the tumor 
arose from the region of the foramen ovale in 
45 instances; the pulmonary veins and the left 
auricular appendage were tlie other preferred 
sites of origin. Seventeen of the 71 instances 
of tumors in the left atrium did not disclose 
sufficient data to make tliem adaptable to 
analysis. Husten classified tlicse lesions as 
(1) thrombi, (2) those in which the diagnosis 
was difficult, being either tlirombi or myxo- 
mas, and (3) those which fulfilled certain 
ciiteria of myxomas, in studying the loca- 
tion of these lesions within the left atrium, 
he noted that each lesion involved the three 
regions of the left atrium just mentioned 
(fossa ovalis, region of pulmonary veins, au- 
ricular appendage) in about equal frequency. 
He, therefore, concluded that die nature of 


these three lesions is also most likely identical, 
i.e., they represent the end-results of organ- 
ized thrombi. Husten’s point of view was 
opposed by Ribbert (1915) who stated that 
often tlie size of these lesions is much more 
in favor of their neoplastic nature, as is tlieir 
lobulated and “villous” appearance. Fabris 
(1923) listed the distinguishing points be- 
tween thrombi and myxomas, according to 
Table XIII-4. 

Mabaim (1945) pointed out that myxomas 
often contain blood vessels and may, tliere- 
fore, disclose hemorrhages and hemosiderin, 
tliat fibrin may be found on their free sur- 
faces; and that the microscopic aspects may 
not aid in the differential diagnosis. He stated 
Uiat a number of pathologists, after having 
studied die evidence for and against the neo- 
plastic origin of these structures, admitted 
their inability to distinguish myxomas from 
the end-stages of certain organized thrombi. 
In certain publications, Uierefore, tlie histo- 
logic diagnosis is left open. Yet, from his per- 
sonal experience, Mahaim concluded that 
localized proliferations of mucous tissue exist 
within the endocardium which merit the 
classification of myxoma. An organized throm- 
bus may, as a result of regressive changes, 
simulate a myxoma. On the other hand, 
trauma may be responsible for hemorrhage 
williin a myxoma. Mahaim collected from 
die literature reports of 105 myxomas, of 


TABLE XIIM 


Distinguislung Features m Diagnosis oE Myxoma and Organized Thrombi. 
(Slightly Modified from Fabns, 1923) 


Feature 

Preferred location 
Gross appearance 
Surface 
Base 

Consistency 
Endocardial covering 
Cells, number, arrangement 
and type 


Myxoma 

Mitral valve and laramca ovale 

Thick cauliflowcrlike mass 

Villous, transparent 

Thin pedicle 

Soft, gelatinous 

Continuous 

Fevv cells with cytoplasmic processes, 
ill colorless stroma. Cclk mainly 
stcll.'ite, isolated or in groups or 
forming syiw^Ua. Cells embryonic. 


Organized r/iro»ibiis 

Atria 

Contour more regular 
Granular, opaque 

Finn 

At junction of impkintation 
Stratified, several layers. External por- 
tion composed of granulation tissue 
with ahnnd.int extras asalion of rid 
blood cells. Foci of round infLimm.)- 
tory cells. 


Special features 
Hemosidenn 
Mucin 

Elastic fibers 
Features in common 


Absent Abundant 

Present .Absent 

In vicinity of vessels Absent 

Localization in valves, accumulation of bacteria, presence of vessels. 
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Figure XIIl-5. Iiitra'atnal tumor rcportitl as tnya* 
oma of the left atnuin (From Hamiltou-Patcrson, 
J. L, aad CasOcden, L I. M InCiacorUiac tumours, 
Brit, Heart }., 4 103*114. 1912. HcproJuccd by cour* 
tcsy of the publishers.) 

which 83 were pedunculated and 33 sessile. 
One argument often used against the tluom- 
botic origin of my.xomas is that the latter are 
extremely rare in the ventricles. According 
to Mahaim, only 30 such instances are re- 
corded in the literature. If so-eaUed true 
myxomas of the atria were organized thrombi, 
one xvould expect to find many more such 
lesions in tire rentricles where thrombi are 
very common. It is, therefore, argued that 
myxomas and thrombi have nothing in com- 
mon and represent two different lesions. 
Mahaim also found tliat myxomas are en- 
countered much more frequently in the left 
atrium tlian in the right. Of the 82 peduncu- 
lated my.xomas, 68 were in the left atrium and 
only 14 in the riglit. 

Engle and Glenn (1955) stated that 127 in- 
stances of myxomas have been reported, and that 
this tumor is the most common primary' cardiac 
tumor. Cases of myxomas lia%e been reported 
by Mills and Plulpott (1951), Blum (1952), 
Goldberg and associates (1932), Kirkeby and 
Leren (1952), Cropper and WinstaiJey (1935), 
Engle and Glenn (1955), Maronde (1955), 


Stephen (1953), and Jackson and Garber (1958). 

“Polyp.” In the French literature the tenn 
“polyp” is often used both in the sense of a pc- 
clunailated neoplasm and of a pedunailatcd 
thrombus, mafa’ng it rather diificult for a reviewer 
to find the exact meaning of “polyp” in a particu- 
lar instance. Since “polyp” means a pedunculated 
mass or neoplasm arising from a mucous mem- 
brane, the term should never bo applied to a 
cardiac lesion. 

Cross Appearances. Yatcr (1931) described 
the gross and microscopic appearances of 
tny.xotnas. They range in size from about 0.4 
to 8 cm. in largest diameter. Tliey may be 
smooth and rounded, lumpy or polypoid and 
villous, and as a rule, the surface is smooth 
and glistening, and the appearance, gelati- 
nous (Figure XlII-S). They are usually pale, 
yellow, bluo-giay or yellow-brown, often with 
hemorrhagic areas on tlie surface, and some- 
times partly covered with fibrin. Tl)o con- 
sistency is more or less clastic and on cut 
section, they arc gelatinous and often hemor- 
rhagic. TItey arc usually attached by a short 
stalk and arc entirely intrncaidiac. 

Microscopic Features. Tlie tvnnor is cov- 
ered with the normal endothelium of the 
endocardium. The groundwork is an amor- 
phous, finely granular or finely fibrillar ma- 
terial which may or may not stain as mucin. 
Cells of different varieties tire seen, varying 
in number in different parts of the same mass; 
often they are relatively few compared to the 
total amount of myxoma tissue. Many' have 
large stellate cells typical of myxomatous tis- 
sue. Some also have cells that are multi- 
nudeated, or cells that are fusifonn. Inflam- 
matory elements such as lymphocytes and 
plasma cells are often seen. Blood vessels are 
usually present, sometimes numerous, but 
often scanty; Uiey are usually delicate and 
apirear as mere capillaries witJr endotlielial 
walls. Small hemorrhages and scattered erytli- 
rocytes are commonly present, together witli 
pigments consisting of hemosiderin and hema- 
toidiiu Connective tissue fibers and often 
elastic fibers are fomid. 

Dick and MuUin (1956) reported the presence 
of fungi within a left atrial my.xoma. The htcni' 
ture also contains reports of ‘‘mah’gnant” myxomas 
(Fenster, 1933; Ringertz, 1942). A critical re- 
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’ of Ringertz’ report suggests the possibility 
the original lesion was a thrombus which 
! rise to multiple emboli, while Feiister’s 
or should be classified as either a spindle cell 
oma or, perhaps, a neurogenic sarcoma. 

, valuation of Myxoma. From the fore- 
ig it may be seen how difficult it is to diL 
ntiate between myxomas and end-stages 
irganized thrombi. One is certainly justi- 
in questioning the existence of true myxo- 
; of the heart. Prichard (1951) concluded 
t myxomas form a uniform group of tu- 
:s, occurring in a definite location in the 
rt and having a characteristic gross and 
roscopic appearance. He reported 2 in- 
ices of myxoma and pointed out that the 
k of evidence indicates that they are true 
iplasms. It seems obvious that a more con- 
vative point of view should be adopted 
1 tlint any sessile or pedunculated lesion 
ich could perhaps be interpreted as myx- 
a should be regarded as the end-stage of 
organized thrombus unless definitely 
ived otherwise. One cannot say that such 
anite proof will be forthcoming. In a study, 
itled Intracardiac Tumors, Hamilton-Pater- 
1 and Castleden (1942) list such a lesion 
the left atrium as “pseudomyxoma.” 

The difficulty of distinguishing between myx- 
la and organized thrombus may be inferred 
m Weinstein and AratVs report (1949). They 
scribed a neoplastic lesion in the left atrium 
lich they thouglit had produced mitral stenosis 
d insufficiency. The tumor was interpreted as a 
'xoma. The gross picture of the heart, bow- 
er, shows definite thickening of tlie chordae 
idineae of the mitral valve. Also the presence 
an embolus m one of the femoral arteries would 
licate tliat llie “myxoma” was probably a ihrom- 
s. In the report of Orr (1942), who described 
polypoid tumor of the left atrium of the heart, 
number of endothelial structures were present 
icroscopically, which led tlie author to con- 
ide that this was essentiallj’ an endothelioma, 
picture of the gross specimen is included shmv- 
g the “tumor” and the mitral vaUe, and the 
lord.ie tendmeae are described as tliickened and 
lorlcned. Thus, it seems that the mitral valve 
as the scat of an old endocarditis, which throws 
lubt on the neoplastic nature of this lesion. 
Lekisch (1957) reported a so-called primary 
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myxoma of the left atrium. He was impressed 
with the histologic findings of fibrosis, cartilage 
and ev’en calcification at (he base of the “tumoi- 
Present also was evidence of old hemorrhage 
with deposition of much hemosiderin. Between a 
loose network of elongated spindle-shaped cells 
there was a matrix of homogeneous, metachrom>c 
material, suggesting the presence of large amounts 
of mucin. Fiom tlie microscopic description, this 
lesion may well he thrombus that was partly 
degenerated and partly organized. 

The preferred location in tlie left atrium speaks 
strongly for myxomas being thrombi with sec- 
ondary changes. Evidence of old mitral endP* 
carditis should always be interpreted as favoririg 
the formation of atrial thrombi. Blum (1953) 
demonstrated myxomatous transformations of out- 
spokeu organized thrombi. IVhile he attributed 
this to cellular proliferation combined with per- 
meation of edema fluid, he also believed in the 
existence of true myxomas. 

Clinical Significance. So-called myxomt^s 
are often incidental autopsy findings, unsuS' 
peeled clinically. Yater (1931) remarked 
many of the myxomas are interesting because 
of their size, structure and pedunculated ntf* 
ture, which allows them to plug an orifice of 
the heart, usually the mitral. Straus and ^^ef• 
Jiss (1945) stated that a large tumor of ao 
atrium with a ball-valve action on either the 
witxal ox txicu.%^ld ptodacitig, tauC- 
miirs that are affected by a shift in the posi- 
tion of the body, should certainly be suscep- 
tible to clinical diagnosis; and yet, in no case 
of benign tumor of this type had the diagnosis 
been made before death. Unexpected death 
may apparently result from sudden occlusion 
of cither the mitral or the tricuspid orifice by 
an intracavitary iiedunculated tumor (Yater). 

Beck (1942) and Coulter (1950) slated that 
it seemed that some of the soft myxomas arising 
from the endocardium could be surgically re- 
moved; in 1956 Scannell and associates reported 
the removal of such a tumor. 

Myxomas of Heart Valves. Myxomas aris- 
ing from the heart valves are also the subject 
of much controversy. Ribbert (1924) pointed 
out tlvat myxomas of the valves are almost in- 
variably larger than thrombi, and it seem# 
difficult to believe that complete organization 
of thrombi could materialize from the valvu- 
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I'tgiirt' Xni-0 I.iiinin.i of lift ventricle, vcntml view. 
Heart anil Ivmmt ’Aviglivvl Sod Gm. (Cwirtevy «f Dr. 
H.chatd E OK<n ) (WCCII, >S l> 232 > 


lar cndocstrdiiim. Organization of a large 
llirombus usnallv rciults In its eiiCMpsnIafioii 
wjlh regeneration of the eiuloeardial cx*Ils, the 
center of the thrombtib still being liquid or 
becoming \ujueficd second.iiily. Howeser, U 
docs not seem likelt that the center of a large 
thrombus may e\er be completely replaced 
by fibrous tissue with secondary uiyvmuitous 
degeneration, so as to sinnilatc a myvoma 
willi diHuse rny\omalous tissue. Uibbcrl also 
remarked that an organized tlirointnis would 
eventually lend to scar tissue within the adja* 
cent valvular tissue, as seen in healed 
thrombo-cndocarditis. 

Three types of so-called occlusive m>\onias 
("polyps”) of the mitral valve are recogiiucd by 
Mahatm (1945): 

1. Occlusive pure mitral "polyps” vulh clinical 
signs of stenosis of mitral onilcc and with- 
out mitral lesions at autopsy 

2. Occlusive pure mitral 'polyps” without 
signs of stenosis of mitral orifice, with or 
without systolic murmurs of functional 
mitral insufficiency 

3. Occlusive mived mitral "poKps” with asso- 
ciated mitral lesions. Clinical signs of 
stenosis of mitral onfice are constant but 
often masked by severe arrhythmia 

Jalesld’s (1934) report of a so-eallcd myxoma 
of the tricuspid valve is interesting insofar as 
justifiable criticism may be presented in regard 
to tlie classification of diis lesion. His patient was 


a 02->car-x>1d colored woman who suddenly cxil* 
Upsed 5 days after extractsou of a catamcl and 
died the next day. On (he middle iKirtion of the 
Aiitrrinr leaflet uf the triaispid valve was .a .sin.tll 
spherical papillary mass, projtxliiig alxnc the 
surface of the valve to whicli It was attaclicd b>’ 
a wide iM.-dicle. Its suifacc vv.ts finely nodular an<l 
it Ikid a translucent gel.itiiioiis appearance. 
Stained with hematoxylin and covin, tiie nusv 
w^is entirely 111 ) 1 x 1 hy cudotlieliiim, its matrix wa^ 
pink and cxuitaiiicxl only a ft'vv cells, but no hhxxl 
vessels were present; the {letlicle, on (he oilier 
lund. contaiiHxl many stcUate and spindle-shapccl 
cells wliich h.vd fine prucevses exteudmg fron* 
them into the fine fibnilar grutindwork present 
tliruughout the lesion. Thus the gross .md micro- 
scxipic dc^ription of this iH'ithicnt lesion, re 
poitnl as fiiyxom.t of (he licvirt v.iUe. would 
suggest that this is a (rue tumor of (he hc.irt. 
However, a gross pktiiie of the right ventricle, 
iiicludc'd to vhow' the tninor, also sluiws cvideiin: 
of ohi eiulucardilis. which imnuxliatrly raised 
doubt as to the neoplastic waluie of the lesion. 

Other Terms for .Myxom.*). in this connvetiutt 
it may be mentioned that Warthiii (1910) 
thought that some of the so-callcxl myxoin.is of 
(he hivart reprcsenicd giimmata, and for these he 
etiined the tenn "myxogninmat. 1 .” Some of the 
more recent nports of these stnall valvular lesions 
also c.vsl vlouht .is to their Inic nature. Tims, En- 
gel (1032) sjiokc of a "pcxiitiar fibromyxomatuus 
byperplasw" of the mitral valve. Ho rcg.irdctl 
this lesion .ns a tmiiNitiun hctwcx'ii liyperiilasia 
and tumor. 

“Fetal Endocarditis.'* In reviewing a mini' 
ber of reports of my.xoma of the heart, one is 
reminded of the small niyvoinatous lesions 
which arc encountered wot rarely on various 
valves of stillborn or newborn infants, vvbicb 
in the older literature vv ere called ”fct.al endo' 
c.»rdiiis." Gross (1911) bas sbovvii that these 
structures arc remnants of the jelly-hkc ina- 
tcrial which makes up the original endocar- 
dial cushions. It is conceivable that sucli 
structures may persist and eventually' become 
organized, giving rise to either so-called val- 
vular myxomas or fibromas. 

Excrescences of Lambl, LambI in IS.56 de- 
scribed small v’lllous, comb- or tassel-sliaped 
excrescences situated priiicii>ally on the free 
borders of the valves and rarely involving the 
cusps on Uie lino of closure. Kirch (1927) 
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Figure XIII-7. Lipoma of ventral 'V'all of opened left ventricle of heart 
shown in Figure XlII-6. 


Stated tljat Lambl’s excrescences are definitely 
not tumors but, according to Ribbert (1924), 
are the result either of organization of thrombi 
or of proliferation of the subendocardial con- 
nective tissue. Kirch noted Lambl's excres- 
cences often close to the corpus arantlt. Gun- 
zel (1933) asserted that Lambl’s excrescences 
of the aortic valve are much more common 
than is usually assumed. He maintained that 
with increasing age they are more frequent. 
They are not the result of organizing thrombi 
and tliey do not constitute products of in- 
flammation, since they are always avascular 
and free from cellular infiltration. He be- 
lieved that because of the continuous, per- 
haps abnormal, systolic and diastolic pressure. 


a tear of the lining endocardium may cause 
the previously stretched and broken col- 
lagenous or elastic fibers to project over tlie 
endocardial surface. Eventually these fibers 
become endothelialized again. 

Magarey (1949) examined the mitral valve in 
280 autopsies. He found Lambl’s excrescences in 
85 per cent and determined tliat their incidence 
increased with age. He believed that they are a 
manifestation of wear-and-tear and part of the 
normal aging process of the valve. They are the 
result of organization of partially attached fibrin 
on the surface of the valve. This process occurs 
repeatedly and leads to gradual thickening of the 
cusps. 


OTHER TUMORS OF HEART 


Fibroma. Fibromas of the heart arise from 
the subendothelial connective tissue of endo- 
cardium (Figure XIII-8). Almost all the re- 
ported fibromas are located on lieart valves. 
Mahaim (1945), collected many reports of 
fibromas of the various valves. It w.as some- 
times difficult to decide from the literature 
wlietlier the lesion in question was a fibroma, 
myxofibroma, myxoma, fibrohemangioma, or 
an excrescence of Lambl. Such lesions were 


found on the mitral valve 3 times, on the 
aortic valve 8 times, on the pulmonic valve 
7 times, and on the tricuspid valve twice. 

Kulka (1949) reported an intramural fibroma 
in the left ventricle of an 8-month-old infant who 
had died unexpectedly. McCue and associates 
(1955) encountered a ni>ocardial fibroma in a 4- 
>ear'oId cliild who also had subaortic stenosis. 
Haviar and assocwles (1956) reported a fibro- 
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Figure XIIl'S Pedunculated Gbrooia. X 175. (Courtesy of Aimed Forces losutute of 
Padiology, Acc 35,558.) 


hpoleioni>oma. Its presence «as recognized clini- 
cally and it ivas surgically removed. 

A papillary brandling fibroma of llie tricuspid 
valve was reported by Branch (1931), The tumor 
consisted of papillary’ stalks which were composed 
of a single or compound core of dense collagenous 
fibrils surrounded by loose connective tissue, out- 
side of whidi was a layer of homogeneous ma- 
terial covered by endathelium. The tumor con- 
tained no blood vessels. Hertzog (1936) also 
desenbed a fibroma of tlie middle cusp of the 
aortic valve. He stated Uiat there was no evi- 
dence of old endocarditis. Hertzog remarked that 
his tumor was simil.-ir histologically to some of 
the reported c-ases of myxoma of tlie heart valvrs. 
However, myxomatous tissue could not be demon- 
strated. 

Rotli and Spam (1932) described a tumor 
which lliey believ ed to be a primary granular cell 
myoblastoma of ibe left atrium. It was fiim, 
covered by pericardium and lived to the subepi- 


cardial tissue and myocardium. The cells were 
fairly uniform in size and shape, infiltrated the 
interstitial tissue, and contamed an abundant 
cytoplasm which appeared to be granular or 
clumped. 

Tumorbke structures, consisting of fibrous and 
elastic tissues, may occur on a valve. These are 
regarded as hamartomas, and have been called 
fibro-elastic hamartomas (Dudley et al., 1956). 
In Raeburns case (1933) tlie lesion was papil- 
lary. 

Other rare lesions which resemble fibromas 
may also be regarded as liamartomas. These are 
encountered principally in children and consist 
microscopically of collagen witJi fibroblasts, sur- 
rounded by cardiac muscle, and may contain 
blood vessels, fat and nerves. Bigelow and asso- 
ciates (1954) believed that this tumor is most 
likely derived from primitiv’e cardiac mesenchyme 
and suggested the term “fibroma of primitive 
type” or perhaps "fibroniyoma,” implying that 
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tlie muscle fibers in these tumors are not “trap- 
ped” fibers but constituents of tlie tumor. An 
apparently similar tumor, for wlrieh the term 
"undifferentiated mesenchymal tumor” was sug- 
gested, was described by Conlon (1956). 

Lipoma. Lipomas of tlie heart (Figures 
XIII-6 and 7) are extremely rare. Mahaim 
(1915) recorded 14 such tumors. 

A typical lipoma of tlie heart was encountered 
by me in the right atrium of a 50-year-old woman 
who died suddenly. The tumor was bright yellowj 
measured 3 cm. in greatest diameters, was cov~ 
ered by epicardium and bulged into the right 
atnimi. It seemed to be well circumscribed 
grossly, but microscopically was not circum- 
scribed and had no evidence of a capsule, a few 
atrophic muscle fibers were scattered throughout 
the tumor. It was apparent that the fatty tissue 
had infiltrated the myocardium, replacing the 
muscle fibers. The same changes are found in 
fatty infiltration of the myocardium (Saphir and 
Corrigan, 1933), m which the subepicarial fatty 
tissue also extends into the adjacent myocardium, 
produces atrophy of the fibers and, like a malig- 
nant tumor, eventually replaces the muscle fibers. 
Thus, the question must be raised whether these 
lipomas of the heart represent circumscribed 
areas of fatty infiltration or are true benign tu- 
mors \vhich grow by expansion and arc not sur- 
rounded by a capsule. 

Shea and Muehsam (1952) stated tliat only 
21 lipomas have been reported. They found a 
lipoma arising in the wall of the right atrium. 
Apparently, the atria are much more frequently 
involved than tlie ventncles. 

Angioma. Mahaim asserted that pure an- 
giomas of the heart are very rare, only 13 
such tumors having come to his attention. 
Tliey should be clearly distinguished from 
Varicose dilatations (see page 877) and tliey 
may be associated with proliferation of endo- 
thelial lining cells. 

A small tumor of this type was found by Schu- 
ster (1914) m a newborn infant on one of Oie 
papillary muscles of the right s’entriclc close to 
the aftacliment of a cliord.! tendinea. Tins nodule 
measured 2.5 by 1.5 cm. in greatest dimensions. 
Microscopically', it consisted of two parts; one 
part was interpreted as representing the end- 
result of a circumsenbed inQammation of the 
endocardium, and the otlicr part, as a true tumor, 
a ca\emous hemangioma. The author denied the 


existence of any relation between the circum- 
scribed inflammation (endocarditis) and the tu- 
mor. This report raises the question as to 
whether tlie structure described as cavernous 
hemangioma is identical with a so-called blood 
cyst found on the heart valves in the newborn 
(see page 885). 

Angio-Retfculoma. Angiomas should not 
be confused with true benign tumors of the 
angio-reticuloma type of the endocardium 
which Mahaim (1945) believes are similaj- to 
tliose occurring in the cerebellum and spinal 
cord, as described by Cushing and Bailey 
(1928). 

Nicod (1945) described, in a woman of 7q, a 
tumor of tbe endocardium located in the left 
atrium near the foramen ovale. Microscopically, 
it showed angiomatous and reticuloendotheliom- 
atous structures. Mahaim speculated on the 
possible changes wliich might occur in such a 
tumor developing in a young person, if it was 
subjected for a long time to tlie trauma of the 
blood stream .and of cardiac contraction. He be- 
lieved that changes might occur m such a tumor 
which would simulate the appearances of both a 
thrombus and a my'xoma. He directed attention 
to the so-called angioreticuloma of Nicod (1945) 
and asserted Uiat many of the polypous tumors 
of the atrium, whose origin at the present time is 
under dispute, could perhaps be traced to these 
angio-reticulomas. 

Malignant Hemangioendothelioma. A pri- 
mary malignant hemangioendotlielioma of the 
licart with multiple metastatic nodules in the 
liver and esophagus \vas described by Hewer 
and Kemp (1936). 

Gross and Englehart (1937) described another 
primary hemangioendothelioma of the heart. This 
diffusely infiltrated the wall of the left atrium and 
had grown into tiiroinbi which were adherent to 
the left atrial wall, the mitral valve and the left 
ventricular wall. Tliere was no evidence of tumor 
embolism or metastasis outside the heart. 

Classy and Massey (1930) reported a primary 
hcmangioondutheJial sarcoma whitli Jud involved 
tlie pericardium and endocardium. They believed 
their tumor to be the 349lh recorded primary 
cardiac neoplasm. 

Hctlinngton and Blanchard (1952) reported 
2 such tumors which arose in the wall of the 
right ventricle, penetrated the endocardium and 
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Fi^rc XIII>9. Sarcoma of heart. (Courtesy of Armed Forces Institute of Falliulogyi 
Act 100,969, Ncg. T7,2(M ) 


Spread diffusely over the MSccral pencardiuin. 
Metastabc tumors «ere found m the lungs, bver 
and bone. Brandenburg and Edwards (1954), 
in a report of this tumor, gate a brief review of 
the literature and discussed the clinical features. 

Stout (1943) contended that a tumor 
should be regarded as a hemangioendotheli- 
oma only if it contained, first, atypical endo- 
thelial cells in excess of the number required 
to line the vessels with a simple endothelial 
membrane and, secondly, vascular tubes with 
a delicate frameworh of reticuhn fibers and 
a pronounced tendency of their lumina to 
anastomose. 

It is open to question whether some of 
these tumors can be classified under the term 
Kaposi’s tumor (sarcoma idiopathicura hem- 
orrhagicum ) in which there are multiple vas- 
cular foci of tumor formation. Rabson (1938) 
suggested tliat hemangioendothelioma and 
Kaposi’s disease may have certam elements in 
common. Altliough Ewing (1940) does not 
mention tlie heart specifically, he stated that 


in Kaposi’s disease every' organ of Uic body 
has been found involved at autopsy. 

Rhabdomyoma is desenbed under Uic term 
Nodular Glycogenic Degeneration (page 
512). Fronv the evidence at hand, it seems tliat 
true rhabdomyomas (true neoplasms) of the 
heart, if they exist at all, are extremely rare. 
Most, if not all, of the reiJorted instances are 
e.xamples of localized glycogen-storage dis- 
ease with or witliout simultaneous presence 
of various hamartomas, as in tlie ^ain. 

5ofco;»o of the Myocardium 

Malignant primary tumors of the myocar- 
dium are very rare. 

Perlstem (1918) who rexiewed this subject, 
found only 30 tumors w hich ho regarded as sar- 
comas, and added one. Mahaim (1943) accepted 
87 tumors as true sarcomas but a critical review 
of these disclosed that apparently not all are pri- 
mary. Thus Guttmann’s (1889) so-called primary 
melanoma is obviously a secondary tumor, tlie 
primary' tumor very likely having been in the 
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right eye which had been removed. Leach (1947) 
and Woll and \'ickery (1947) each reported an 
instance. 

The literature of primary malignant tumors 
was also reviewed by Whorton (1949) who col- 
lected approximately 100 cases of primary malig- 
nant tumors of the heart. He reported a primary 
reticulum cell s.ircoma, 16 similar instances of 
which had been obser\’ed previously. Engle and 
Glenn (1955) stated tliat 123 instances of vari- 
ous primary sarcomas of the heart h.ive been re- 
ported, and tliat my.\cin)as are somewhat more 
frequent than sarcomas. 

Tlie following types of primary sarcomas 
have been reported; fibrosarcoma, leiomyo- 
sarcoma, myxosarcoma, angiosarcoma, reticu- 
lum cell sarcoma, rhabdomyosarcoma, and 
round, spindle, and mixed cell sarcomas. Also 
primary lymphosarcomas are supposedly 
found in the myocardium. Yater stated that 
the majority of sarcomas of the heart arise 
from the atria, particularly the right atrium, 
from the inter-atrial septum, and from the 
pericardium. Mahaim also found tlie right 
atrium to be frequently involved. Bryant 
( 1907 ) found a primary sarcoma in the heart 
of a dog. 


Round and Spindle Cell Sarcoma. Perhaps 
tlie most common sarcomas are described as 
round and spindle cell sarcomas (Figures 
XIII-9, 10 and 11). Mahaim found 18 round 
cell sarcomas in the literature, 17 spindle cell 
sarcomas and 11 polymorphous cell sarcomas. 

Hamilton-Paterson and Castleden (1942) de- 
senbed a round cell sarcoma m a lieart weighing 
600 grams. The entire right atrium was filled with 
large nodules, all arising from the atnal wall. The 
tumor was soft and white, with areas of hemor- 
rhage, and one tumor nodule had grown through 
the inter-atrial septum and projected as a red 
mass into the left atnum. Microscopically, the 
cells were large and round with scanty eosino- 
philic cytoplasm; in one or tivo areas v’ery large 
celk had giant nuclei, but no true giant cells 
were seen. Tliere were no metastatic nodules. A 
typical spindle cell sarcoma, reported by Holer 
(1937), was encountered in the light atrium of 
a 26-year-old woman, and had produced meta- 
static growths to tlie lungs. A primary sarcoma, 
situated in the left atrium, was observed by 
Adamson (1948). It consisted of spindle, lound 
and giant cells and was associated with metastatic 
growths in the duodenum, jejunum, ileum and 
ascending colon. 



Figure XIll-lO. Spindle cell varcoma. Some case as Figure XIlI-9. X 103. (Courtc^ 
of Ami«l Forces InsUtute of Patliology, Acc. 100,969, Neg. 77,250.) 
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Figure XlU-Ll. Spiudte c<.U sarcoma o( m>ocard)mn. U could rwl bo 
decided uhetlicr this uas a rliabdoin> 0 '>jrconia or fibro&aa'Onia. iliiiij- 
torylin and cosm X 100. (WCGII. 45 F 101 W.) 


Rhabdomyosarcoma. Riiabdomyusarcomas 
are rarer than spindle or round cell sarcomas 
Mahaim mentioned only 7 instances. 

Leach (1947) reported such a tumor iii a 14- 
j ear-old boy. The heart weighed 350 grams. A 
bulging mass, shghtly paler than the rest of tlie 
heart, could be seen about the middle of the 
anterior wall of the left \entncle A large yellow' 
polypoid tumor, 5.5 cm. in diameter, growing 
from Uie myocardium, filled the cavjty of the left 
ventricle. The base of tlie tumor involved the 
antenor wall and the interventricular septum of 
the left ventricle and extended to the anterior 
leaflet of the mitral valve, but did not involve jt- 
Microscopically, the stnJung feature was the pres- 
ence of areas of nbbonlAe bands of cells vvliich 
branched occasionally and showed longitudinal 
striab'ons. The cytoplasm was acidophilic and the 
nuclei were centrally located and oval, with a 
reticular chromatin network and very small single 
nucleoli. There were many thin-walled blood ves- 
sels. Metastatic growths were found in medias- 
tinal lymph nodes, pleura and intercostal muscle. 


Stoll and Laiier (1053) described a rliabdo- 
myosarcoma arising in tlic left atrium, with me- 
tastasis to the lung, pleura, hilar nodes and x>eri- 
cardium. Some of the tumoc ccUs showed out- 
spokeu cniss-striations. Engle and Glenn (1955) 
reviewed the hteralure briefly and described such 
a tumor in a 4-month-old infant. Manson and 
Rindskopf (1956) stated their case of rhabdo- 
myosarcoma was tlie niiielecnth one reported. 
Kalirs (1953) desenbed a rhalidomyolipoma and 
a Thal>doTn>osaTcoma. 

Fibrosarcoma is also rare. W’oll and Vickco's 
(1947) report concenied a 47->ear-oId woman. 
The lumen of the mitral valve appeared to be 
completely occluded by a pale, yellow, firm, 
shghtly lobulated, polypoid tumor, firmly at- 
tached by a broad base to Uie atrial surface of 
the posterior leaflet and the adjacent atrial wall. 
The external surface of the tumor was alternately 
yellow, smootli and firm, and pale pink, granular 
and fnable. On cross-section, the growth fused 
imperceptibly with the endocardium and formed 
a coarse, pale gray, homogeneous finn mass wrlh 
poorly delineated radially arranged bands separat- 
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ing adjacent penplieral lobulations, ^^^eroscopi' 
cally, tlje tumor consisted of relatively acellular, 
irregvilarly arranged bundles, and whorls of col- 
lagenous fibers witlr connective tissue cells of vari- 
ous sizes and shapes. Most of these cells appeared 
to be mature fibroblasts, others had plump 
spindle-shaped \esicular nuclei with abundant 
granular cytoplasm or delicate extracellular fibnl* 
lar projections. Still otheis were stellate or round 
u’ith large hypeichromatjc nuclei. There were 
also a few tumor giant cells with amorphous dark 
nuclei A solitary metastatic lesion involved a 
thoracic vertebra. In retrospect, fiom the descrip- 
tion and the accompanying illustration disclosing 
thick bundles of fibeis witli palisading nuclei, it 
seems that this instance, as well as a number of 
other instances of fibrosarcoma of tlie heart, might 
fa!) into the classification of neurofibrosarcoma. 

A primary tumor which took its origin either 
from the myocardium of the left ventricle or, 
perhaps, from the pericardium was described by 
Friedman and associates (1945). In the differ- 
ential diagnosis, leiomyosarcoma and fibrosar- 
coma svere considered. It is interesting that a 
single metastatic nodule was found in the myo- 
cardium adjacent to the aortic ring. Fibrosar- 
comas were reported by Roberts and Seal ( 1951) 
and, in a 3-month-old infant, by Longmo and 
Meeker (1953). 

Fibromyxosarcoma. Very rarely malignant tu- 
mors of the heart arise at the root of the pulmo- 
nary trunk. Haythorn and associates (1941) de- 
scribed a multiple fibromyxosarcoma arising just 
above the pulmonary valve, within the pulmonary 
trunk, attached to the posterior wall about 3 cm. 
above the corpus arantii of the middle semilunar 
cusp These tumors were described giossly as 
myxomatous "polyps.” Their pedicles were united 
in a common broad base. Micioscopically, a sink- 
ing feature of the “polyp” was the great excess of 
myxomatous stroma m comparison with the cellu- 
lar elements. Some of the cells were spindle- 
shaped with long stellate processes, and others 
were round or oval. Many of tlie cells were multi- 
nucleated and appealed to be tiue neoplastic 
forms. Mitotic figures were numerous in some 
fields. From the microscopic description, the tu- 
mor can perhaps be interpreted as a thrombus 
undergoing organization and also degeneration. 
However, a similar tumor was found in the mam 
bronclius on microscopic examination. The occur- 
rence of these lesions also in branches of the 
pulmonary' arteries certainly does not mitigate 
against the assumption that they are thrombi. Tlie 
authors paid special attention to a zone of pulmo- 


nary arteritis about the pedicle of the tumor 
which was covered willj an organizing thrombus 
that showed no neoplastic changes. The associa- 
tion of pulmonary arteritis with the base of the 
tumor suggested to them that the logical sequence 
m the development of the tumor may have been 
as folfoxvs. pulmonary arteritis with loss of endo- 
thelium, “protective” thrombosis, organization of 
die thrombus with myxomatous metaplasia, sar- 
comatous change in the myxoma, and secondary 
extensions to the lungs by way of branches of the 
pulmonary arteries. The authors thus explain the 
tumor as occurring on the basis of changes 
within a thrombus, which to us seems question- 
able 

A neurogenic saicoma, histologically resem- 
bling a malignant schwannoma, which might have 
had its origin from the cardiac plexus, was re- 
ported by Dammert and co-workers (1955). 
Courtoy and Potvliege (1951) reported a large 
tumor, arising in the right ventncle, which had 
destioyed the entire right ventricular myocardium 
including the terminal portions of the right 
branch of the bundle of His. This tumor was diag- 
nosed as a reticulum cell sarcomn. 

A tumor consisting of foci of typical Anitsch- 
kow myocytes was reported by Mainwaring and 
Ayres (1952). The nuclei contained the charac- 
teristic basophilic longitudinal chromatin bar and 
on cross section, presented an owl-eyed appear- 
ance 

Solomon (1951) reported a metastasizing ma- 
lignant leiatoma arising in the right cardiac 



Figure XIII-12. Tumor of intra-.itrial portion of sep- 
tum diagnosed lyiiipliangiocndolhclioiiia. Tlus tumor 
slunild be claswilcd as a incsotiiclioma arising from 
the node of Tawara. X7. (From Perry, C. h., and 
Itogers, H.: Lymphangiocndodiciioma of die heart 
causing complete heart block, J. Path, and Pact., 39: 
281-284, 1934. Reproduced by courtesy of the pub- 
Iisiicrs.) 
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Figure XIII-13. Tumor of region of node of Tflwara, 
classified as mesothelioma. Note small pseudoglandw- 
lar structures lined hy cells interpreted as niesotliehal 
cells. (From Maliami, I.: Lcs Tuineurs ct Its Polypes 
ku Coeur. Massou cl Cie, Pans, 1D43. Reproduced 
by courtesy of Ute pubbsbers. ) 


atrium of a 2->ear-old girl. A sinking feature of 
the tumor was the histologic resemblance to rare 
epithelial cysts of the heart and also to mcsotlic- 
liomas of the pericardium. In view of the rela- 
tive frequency of mediastinal teratomas, it is 
assumed that multipotcntial cells of the medias- 
tinum may have been included within the devel 
oping heart and may have given nse to the 
tumor. For reports of older cases, see Willis 
(1946). 

Polymorphous Cell Sarcoma. A polymorohoiis 
cell sarcoma involving the pulmonary artery was 
desenbed by Martin and associates (1939). It 
was polypoid, measured 2 5 cm. in diameter, in- 
volved tlie pulmonary valves and the adjacent 
endocardium, and extended also along the course 
of the pulmonary trunk to the right and left pul- 
monary arteries. There w ere no metastatic tumois. 

Sites of Metastasis. Metastasis from primary 
sarcoma of the heart may be widespread. In 
Yater’s (1931) series of 46 cases, metastatic 
growths were found in 21. The organs and fre- 
quency of their involv'ement were; lungs, 8 times; 
lymph nodes. 5 times; pancreas, 4; suprarcnals, 
3; and liver and kidneys, each twice. In Ma- 
haim’s series of 87 cases, the organs and fre- 
quency of involvement were: lungs, 24; lymph 
nodes, 9, liver, 9; kidneys, 8; suprarcnals, 7; pan- 
creas, 5, and intestines, 3 tunes. 

Mesothelioma of the iV/yocnrdiun» 

A group of tumors of disputed origin occurs 


in the region of the atriovcntrciular node. 
Today, most of these tumors (Figure XIII- 
12) are classified as mesotheliomas (coclo- 
thclioinas, originating from misplaced epicar- 
dial structures). 

Apparently the first case of this type was de- 
senbed in 1911 by Annstrong and Monckeberg. 
The patient vvas a 5‘2-year-o!d boy who had had 
complete heart block. The tumor was not recog- 
nized grossly but only on histologic examination. 
It was cluraclerizt'd by spaces which were lined 
by one or two rows of endotliehal cells surrounded 
by dense connective tissue; a number of cords 
consisting of cells similar to those liiung the 
spaces were also noted (Figure XlII-13). The 
atrioventricular node was located adjacent to the 
tumor. Tins new growth was interpreted as a 
hjmpluinfiioendothelioma. 

Lloyd in 1929 desenbed an apparently similar 
tumor in a 50-ycar-<i1d woman who clinically had 
liad partial heart block. Tlio clinical diagnosis was 
syphilis of the niyoc.nrdiiiin but no syphilitic le- 
sions were encountered in citlicr tlie aorta or 
heart. There was no gross alteration in the cun- 
lout of the iulerNcntricular septum l>ut, on cross- 
section of the septum, vaguely outlined clusters 
of minute cystic spaces, surrounded by a white 
translucent fibrous stroma, were ohscr\c-<l, some 
of which contained a clear yellow coagulum. On 
microscopic examination, a definitely neoplastic 
structure was recognized in the form of cystic 
spaces lined by several irregular layers of cells, 
most of which were round or slightly elongated 
witii indefinite cel! boundaries. Some of the 
spaces were separated from each other by a dense 
fairly cellular connective tissue. In some areas 
clumps of round or oval tumor cells willi vesicular 
nuclei were arranged in solid cords wliich, on 
examination of numerous serial sections, failed to 
reveal any true tubular structures. A number of 
the cystic spaces had invaded the region of the 
atrioventricular node, which contained a few 
scattered bundles of muscle fibers th.it were 
smaller tlian those of the remainder of the myo- 
cardium. Lloyd (1929) and Armstrong and Mon- 
ckeberg beheved that, since the atrioventricular 
node is especially ricli in lymphatics and since 
llie tumors, according to their interpretation, con- 
sisted of lymph vessels and proliferated endo- 
theh'al cells hniiig Uiese vessels, tliey should be 
classified as lympliangiocndolheliomas. Tlie lo- 
calizaliou of the tumor reported by Lloyd reacbly 
explains the clinical finding of heart block and, 
perhaps, the sudden death of his patient. 
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Grant and Camp (1933) reported a vascular 
tumor located in the region of the atrioventricular 
node. This tumor had produced complete heart 
block and was recognized only on microscopic 
examination. It was found in the region where 
the atrioventricular bundle normally bifurcates, 
and extended through the entire width of the 
septum, bulging outward at tlie base of the tri- 
cuspid valve to form a small nodule. It consisted 
of a compact leash of tortuous, irregularly dilated 
and anastomosing blood vessels, chiefly arterial 
in structure, and was not sharply limited at its 
margin. They believed that this tumor should be 
classified as a rare arterial angioma. However, no 
detailed description of the vessel ivalls and fheir 
lining cells are given and it uoiild seem likely 
that this tumor falls into the same classification as 
those desenbed by Armstrong and Monckeberg, 
and by Lloyd. 

Another apparently similar tumor which had 
also caused complete heart block was described 
by Perry and Rogers in 1934. On gross examina- 
tion, tlie heart was normal in size and a minute 
tumor was found just between tlie interventric- 
ular and interatrial septa, bulging slightly into 
the left ventncle. Microscopically, the tumor 
closely resembled those described by Armstrong 
and Monckeberg, and by Lloyd, and was also 
interpreted as a lymphangioendothelioma. By 
serial sections, the gradual approach of the tumor 
to the atrioventricular bundle, its entry at the su- 
perior angle of the bundle, and the final complete 
involvement of the conduction tissue were easily 
observ ed. 

A detailed description of another similar tumor 
classified, however, as a primary epithelial tumor, 
was given by Rezek (1938). This tumor was 
found in a 71-year-old patient whose electrocar- 
diogram showed a tiansitory complete heart 
block. At postmortem examination a diffusely in- 
filtrating carcinoma of the stomach was found 
W’ith metastasis to the regional lymph nodes. 
Only on microscopic examination w^as a tumor 
found very close to the atrioventricular node. It 
consisted of a number of channels, lined by one 
or two layers of cuboidal cells, resembling and 
interpreted as epitlielial cells. The specific muscle 
fibers in the region of the tumor were atrophic 
and occasionally disclosed actual necrosis. A 
moderate amount of scar tissue and foci of calci- 
fication, minute areas of hemorrhages, and infil- 
tration of lymphocytes were found close to the 
tumor. Because of the morphologic appearance 
of the tumor, malignancy was ruled out. It was 


especially emphasized tiiat this tumor could not 
possibly be interpreted as being metastatic from 
the primary carcinoma of the stomach. Rezek 
pointed out a close resemblance between the 
cystic structures of this tumor and their lining 
cells, and the glandular structures found in the 
embryonal intestinal tract. He recalled that, in 
serial sections of very young embryos, a close 
local relationship is noted between the cardiac 
Anlage and the anterior wall of the primitive fore- 
gut. He concluded that it is possible tliat the 
cystic structures accompanying the tumor may 
arise from heterotopic epithelium of the foregut, 
displaced in the heart during an early stage of 
embryonic development. For this reason, he 
classified tins tumor as epithelial. Because of iJie 
histologic similarity of this tumor and tJiose de- 
scribed by Armstrong and Afonckeberg, Lloyd, 
and Perry and Rogers, Rezek concluded that all 
these tumors are obviously of the same origin. 
Leicher (1048) concluded that the glandlfke 
structures in his tumor were epithelial in nature. 
He thought that they were hamartomas arising 
from misplaced caudal portions of the primitive 
gut. 

Si'll a different origin for these tumors, 
which se“ms to be the m'^st likelv one, was 
advanced bv Maha’m (1945). He reoorted 
a tumor in the heart of a 24-vear-old woman 
who had had a comnlete heart block din- 
icallv. The tumor was located in the region 
of the node of Tawara and corresponded in 
everv detad to those just described. Mabaim 
staled that the tumor was a primary benign 
multilocular neoplasm and that this type of 
neoplasm ahvay's produces complete or par- 
tial heart block by destruction of the atrio- 
ventricular node in its posterior portion. How- 
ever. he emphasized that this tumor is neither 
a lymphangioendothelioma nor an epithelial 
tumor, but originates from proliferating em- 
bryonal epicardial (mesotlielial) cells during 
the early stage of development of the node. 
Thus, it should be classified as a mesothelioma 
(coclotheliome Tawarien benin). 

A rather unique lesion of the heart, was re- 
ported by Dosch (1941). He described a nodu- 
lar tumor interpreted as an accessory thjTOid 
nodule, within the interventricular septum, bulg- 
ing beneath the endocardium into the right ven- 
tricle just below the pulmonary valve, ffo did 
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Figure Xin>14. Metastatic neoplasm of right xentn* 
clc from pnmary adcnocaranoma of stomacli 


not bclie\e that this structure rcprcscnled mis- 
placed thjToid hssue hut should be interpreted 
as the end-result of grovMiig dedifferentiated 
entodermal epithelium. Dosch mentioned that 
such d>stopic thyroid tissue lias been described 
several times in the heart of the dog. He dis- 
cussed the possibility that certain Iv'mpliangio- 
eodothehomas and mesotheliomas, ansmg in the 
intenentricular septum, may perliaps also be et- 
atnples of such accessory thsTOid nodules. How- 
ever, it is well known that occasinnallv iienigri* 
appearing nodular colloid goiters which in reality 
are mah'gnant tumors (follicular caranoma). pro- 
duce metastatic growtlis (so-callcd metastasizing 
colloid goiter). Dosch did not mention examina- 
tion of the thyToid in liis case and thus the ques- 
tion must be raised whether the thyroid structure 
found in the septum of the heart constitutes a 
metastatic nodule of a primary so-called metasta- 
sizing colloid goiter. 

A tumor of the nght atrium, consisting of both 
myxomatous and glandlike or cystic structures of 


the type just dismis-scd, was dcscnbeil by Ander- 
son and Dmytryk (11146). Mieniscopicully, most 
of the tissue had a inyxotn.ituus appearance and 
was composed of relatively few tells witJiin an 
abundant, loose, pale-staining stroma which was 
faintly basophilic or eosinophilic. GLindiiUr cyst- 
like sjjaces lined by cells resembling epithelium, 
were notctl in various areas of the tiitnur. The 
lining tells vaned in slxipe from flat cudoilieljal 
type to tall, tloscly packed, columiur tx'ils with 
basal nuclei Tlie authors advantt.'d three possible 
expUrutions of the cystlikc sivices: (I) They 
represented lymph vessels; (2) they were derived 
from heterotopic intlusions of ciilDtltimal tissue 
of Uie pninitive foregut; or (3) they were of 
pencardul ( inesnthclial) origin. Anderson and 
Dmytryk were intlincd to Ixilicvc Uut tlio evi- 
deuce favored a poricanlial origin of the cpithe- 
iiitmtike stniiiiires, and that mesothclial cells of 
the visceral pericardium liavc often been ob- 
served to differcnliatc into tall columiur cells, as 
encountered in their tumor. 

A tumor involving the inferior vciu cav’3, 
right atniim, right ventricle and the epicardial 
siirf.ites of die aorta and pulmonary trunk, was 
reported by Rcisinger and associates (1942). 
From the description, it is difficult to venture an 
opinion whether (1) this tumor was primarily 
located in the wall of the vena cava; (2) the pri- 
mary tumor was located in llie heart; or (3) llierc 
were pnmary lesions in both vena cava and heart. 
Histologically, irregularly elongated cells were 
found with large, round or oval nuclei and a 
scanty cyloplasm which stained faintly eosino- 
philic Intermingled with these cclb were rougldy 
palygonal or round ceils with eccentrically placed 
bean-shaped nuclei which occupied more than 
half of the cells. The cytoplasm took a faint 
neutral stain and contained no granules. There 
were scattered lyTnphocytcs and polymorphonu- 
clear leukocvtcs and an occasional eosinophilic 
leukocvtc. The belief is expressed that this tumor 
should be classed among “cndoUicHomos.’* 


METASTATIC TTOIORS OF THE PERICARDIUM .VND HEART 


Metastatic tumors of the heart (Figure 
XIII-14) are much commoner than primary’ 
tumors. The literature does not give a corrert 
account of tlie actual frequency of occurrence 
of metastasis to the heart, since usually only 
those instances are reported in which the 
metastatic growths were evident grossly. In 
my e.xperience, foci of metastatic tumor cells 


are occasionally encountered in the myocar- 
dium, if enougli blocks are cut and examined 
histologically even though grossly no tumor 
is visible. Reuling and Razinsky' (1941) also 
stated that, from recent studies of large series 
of autopsies, it is apparent tliat metastatic tu- 
mors of the heart occur more commonly than 
is ordinarily beUeved. McCandless and Fal- 
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oon (1948) diagnosed metastatic carcinoma 
of the pericardium by cytologic examination 
of tlie pericardial exudate. 

Incidence. In tlie literature many reports 
of series of metastatic cancer are labeled 
merely metastatic to “the heart and pericar- 
dium” and often no distinction is made as to 
whether the heart, the pericardium or both 
are involved. 

Brvant (1907) found 9 instances of metastatic 
tumor to tlie heart among 2492 autopsies at 
Johns Hopkins Hospital, Karrenstein (1908) le- 
poifed 15 secondary carcinomas. 8 of which weie 
to the pericardium and 4 second.ary sarcomas of 
the pericardium among 6633 autopsies. Barden- 


heuer (1924), among 1275 instances of malig- 
nant tumor, reported 30 secondary tumors (2.3 
per cent) in the heart, the myocardium being in- 
volved only 8 times. Benjamin (1939) found an 
incidence of 0.5 per cent secondary carcinoma 
among 40,000 autopsies. Pollia and Gogol (1936) 
recoided 220 secondary tumors m the heart 
among 46,072 autopsies (0.48 per cent) as col- 
lected from the literature. Lymbumer (1934) 
found 52 among 8550 autopsies. Scott and Gar- 
vin (1939) stated that among 1082 instances of 
malignant disease appearing in a series of 11,100 
autopsies, the heart was involved by metastasis 
in 79, the parietal pericardium in 61, tlie heart 
and parietal pericardium together in 22, and the 
heart or parietal pericardium, or both, m 118 
Bitchie (1941), m an autopsy material of slightly 


TABLE XIlI-5 

Source of 118 Secondary Tumors of the Pencardlum and Heart 
(Scou and Garvin, 1939) 





Metastasis 

Metastasis 
to Both 

Metastasis 
to Heart or 


Number Afct<u(asi$ to 

Heart and 

Parietal 


of 

to 

Parietal 

Parietal 

Pericardium 

Primarj/ Tumor 

Coses Heart 

Pencordium Pericardium 

or Both 

Carcinoma of bronchus 

115 

30 

26 

15 

41 

Carcinoma of breast 

45 

3 

13 

0 

16 

Reticulum cell sarcoma 

9 

6 

0 

0 

6 

Melanoma 

10 

S 

2 

2 

5 

Lymphatic leukemia 

11 

6 

0 

0 

6 

Cliloroma 

3 

2 

0 

0 

2 

Leiomyosarcoma 

6 

1 

2 

0 

2 

Carcinoma of bhadder 

25 

0 

1 

0 

1 

Carcinoma of cervix 

49 

2 

0 

0 

2 

Carcinoma of colon 

27 

0 

1 

0 

1 

CaTCinom.i of esopliagus 

61 

2 

2 

0 

4 

Carcinoma of kidney 

19 

3 

1 

1 

3 

Hypernepliroma 

12 

1 

0 

0 

1 

Carcinoma of liver 

21 

2 

1 

0 

3 

Carcmom.i of pharynx 

9 

1 

0 

0 

1 

Carcinoma of bp 

S 

1 

0 

0 

1 

Carcinoma of ovary 

19 

1 

0 

0 

1 

Carcinoma of pancreas 

45 

2 

2 

0 

4 

Carcinoma of prostate 

56 

0 

2 

0 

2 

Carcinoma of rectum 

39 

2 

2 

1 

4 

Carcinoma of stomach 

Metastatic carcinoma 

201 


1 

0 

2 

(primary undetermined) 

16 

2 

1 

I 

2 

Neurofibrosarcoma 

2 

1 

0 

0 

1 

Relropentoneal sarcoma 

2 

0 

1 

0 

1 

Liposarcoma 

1 

L 

0 

0 

1 

Round cell sarcoma 

4 

1 

0 

0 

1 

L>anphosarconia 

13 

1 

I 

I 

1 

Hodgkin’s disease 

22 

0 

1 

0 

1 

Myelogenous leukemia 

14 

2 

1 

1 

2 

Miscellaneous * 

221 

0 

0 

0 

0 








SM2 

ra 

61 

22 

118 

• Refers to a variety of tumors 
cardmm. 

uhich in this 

scries 

did not metastasize to tlic heart or peri- 
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Figure Xni-15. Carcinoma metastatic to TO>oi«ijJium 
The primary tumor was a carcinoma simplex of the 
breast. He)i)atox>lia and cosin. X3o0. 


over 3000, reported 16 metaslalic tumors (0.53 
per cent) in the heart and, in addition, 23 with 
metastasis to Uie pencardium. Lisa and asso- 
ciates (1941) collected from the htenilure re- 
ports of 119 tumors of die heart, of these 72 were 
primary in the heart and 47 were metastatic. 
Prichard (1951) found, among 4375 autopsies on 
pabents with various cancers, 148 (3 4 per cciil) 
with metastasis to the myocardium. The incidence 
of metastatic tumors varies from 5 per cent 
(Gassman et al., 1935) to 20.0 per cent (Cohen 
et al., 1955). Goudle (1955) stated that bron- 
chogenic carcinomas metastasized in 31 per cent 
of Ills cases. Willis (1953) stated that fragments 
of growth carried in the systemic venous blood 
rarely become attached to the chordae or leaflets 
of the tncuspid valve or to other parts of live 
endocardial surfaces of the nght chambers of 
the heart, and grow into branching or nodular 
masses. He also remarked that tliis occurs nrost 
frequently witli teratomas of the testis, but also 
with alimentary and otlier carcinomas. Left-sided 
endocardial implants from tumor fragments car- 
ried in the pulmonary veins are still rarer. 

Primary Site. Yater ( 1931 ) stated tliat 
metastasis to the heart has occurred from ma- 
lignant neoplasms of all the main organs. 
Young and Goldman (1954) checked 476 con- 
secutu’e autopsies having various malignant 
tumors for heart inv'olvement, and found that 
the principal tumors which had metastasized 
to tlie heart were bronchogenic carcinomas, 
malignant melanomas, malignant lymphomas, 
and carcinomas of tlie pancreas and esoplia- 
gus. DeLoach and Haynes (1953) reported 


that, in a scries of 2547 consecutive autopsies 
perfomied at Walter Reed Hospital, 980 had 
malignant disease, of which 137 had meta- 
static grow ill. Carcinoma of the Inng had in- 
vaded the heart and pericardium more often 
tlian any other tumor. Tabic XIII-5, taken 
from Scott and Garvin (1939), is included to 
sliovv the type and location of the priinar)' 
tumor and the part of the heart involved by 
die metastatic tumor. 

Types of Nfalignatil Xcoplasm. In many 
reports it is diilicuU to decide whether the 
involvement of the pericardium by broncho- 
genic c.ircinoma represents true metastasis or 
direct extension from the primary tumor to 
the pericardium. 

Among 52 nictistatic tiiiiiors in Lvmbunicr's 
(1034) senes, there were 36 eurciiiom.ns and 16 
sarcoiius. of which 6 were malignant meIanoni.is. 
From Table .\I]I.3 it is clear that any malignant 
tumor may occasionally produce metastasis to 
the heart. Of all primary' carcinomas, apparently 
carcinoma of the bronchus is the most frequent 
source of secondary tumors of the pericardium 



Figure Xlll-10. Malign.int melanoma metastatic in 
myocardium. Hematoxylin and eosui. X240. 
(VVCCll. 58 P 369.) 
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Figure XIII-17. Pnmary squamous cell carcinonra of 
bronchus which gave nse to implanted lesion on tri- 
cuspid valve (see Figures XIII-18 and 19). X400. 
(WCGH, 50 P 028.) (Courtesy of Dr. F. C CoHcr.) 

and heart (ReuUng and Raziirsky, 1941). Among 
66 instances oE carcinoma oE the lung in Herbut 
and Maisel’s (1942) senes, the heart was in- 
volved 8 times. Kaufmann (1922) stated that 
malignant melanotic tumors metastasize fre- 
quently to the myocardium. In my own experi- 
ence, malignant melanoma and bronchogenic 
carcinomas are the malignant tumor which most 
frequently produces metastasis in the myocar- 
dium. (See Figures XIII-IS and 16.) 

Among 81 metastatic tumors of tlie lieart 
Baven (1948) found only 3 maiig».iJit mela- 
nomas. Ill his series the most common primary 
tumor was located in the breast. 

A metastatic carcinoma of Uie pericardium 
wliich had produced a syndrome of constrictive 
pericarditis was reported by Wallace and Logue 
(1946). The primary tumor was a broncliogenic 
carcinoma. 

A seemingly unique case, in which a primary 
myoblastoma of the region of the left groin had 
produced metastasis to the heart, was described 
by Khanolkar (1947). Grossly, the myocardium 
was sprinkled with tumor nodules, many of them 
being benealli the endocardium. These nodules 
seemed more numerous on the papillary muscles, 
guing the latter a peculiar Leaded appearance. 
A testicular teratoma witli extensive intracardiac 
mctaslases was reported by Watts (1947). Rab- 
sous (1938) mesenchymal heniendotiielioma pro- 
duced metastatic growtli in the right atrium. 

Rarely a primary’ malignant tumor wdl break 
through a large vein and actually migrate into 


the nglit atrium and ventricle, as reported in 
primary malignant tumors of the kidney by 
Oberndorfer (1907). (See also Kaufmann, 1922, 
for further references.) 

Tumor implantation upon the mural endo- 
cardium or valvular endocardium is very rare. 
However, a few cases are on record which 
show tlmt tumor cells may become implanted 
on the heart valves. 

A pertinent case was reported by ColJer and 
associates (1950). The primary tumor was a 
bronchogenic carcinoma (Figure XIII-17). Sev- 
eral clusters of soft delicate vegetations were at- 
tached to the chordae tendineae and the papillary 
muscles of the right ventricle and to the posterior 
leaflet of the tricuspid valve (Figure XIII-18). 
The vegetative growth was gray-white and cauli- 
fiowerlike. The mitral valve also contained two 
similar vegetative growths. Microscopically, 
nests of tumor cells were found in small groups 
or scattered throughout the dense fibrinous and 
granular material (Figure Xin-19), It is inter- 
esting to speculate on whether these hearts have 
had primarily an acute vegetative (bacterial) 
endocarditis with secondary implantation of tu- 
mor cells. Coller and associates thouglit jt prob- 
able that a certain amount of valvular damage is 
a prerequisite for tumor implantation. Rockeii- 
scliaiib (1950) reported carcinomatous implants 
on the endocardium of the right ventricle in a 
patient with squamous cell carcinoma of the 
cervix. 

Mode of Spread to Heart. The v’arious 
inodes of involvement of the pericardium and 
heart are discussed by Scott and Garvin 
(1939) and are indicated in Table XIII-6. 

TABLE Xill-e 

Frequency of Various Modes of Involvement of tlie 
Pcncardunn and Heart by Secondary Tumors, 
According to Scott and Garvin (1939) 

Site of Metastasis 
Parietal 

Pericardium Heart 
8 37 

23 18 

3 0 

0 ' 5 

2 1 

7 0 

2 4 

8 14 

Cl 70 


Mode of Iniohement 
Definitely licmatogcneous 
Definitely by extension 
Definitely lymphatic 
Proliably hematogenous 
Probably by extension 
nobably lymphatic 
Comlnnalion of routes 
Undetermined 
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Figure Xlll-18. Vegclabon oa tncuspul valve conLiiDing metastatic carci- 
noma, from pnmary bronchogenic carcinoma (cf. Figure XIII-i7). (From 
Coller, F. C , Inkley, I J., and Moragucs, V.: is^coplastic endocardial im- 
plants, Am. ] Clin Path., 20 159, 1950. Courtesy of authors and Tlie 
Williams & WiUdns Co ) 


Portion of Heart Involved. Yater (1931) and 
Kirch (1927) and also Nfahaim (1945) stated 
that tlie nglit side of the heart is more often in- 
volved than the left side. In Scutt and Garvin’s 
series, how ever, more secondary tumors occurred 
in the left side of the heart tlian m the nght. 
In tlietr cases tlie parietal pericardium w'os in- 
volved 61 times, the right atnum, 29; right ven- 
tricle, 31; left atrium, 29; left ventricle, 45, and 
interventricular septum, 11 times. In 6 cases 
neoplasm was found only upon microscopic ex- 
amination. The endocardium alone may be m- 
volved. Herbut and MaiscI (1942) menboned 
4 instances in which the mural endocardium, 
and 4 otlier instances in vvliich the valvular endo- 
cardium was imoKcd. Mahaim classiiicd meta- 
static growths in the heart according to whetlier 
they involved the mural and valvular endcxrar- 
dium, the septal bssuc, or other areas which 
were ’’silent.” 

A metastatic carcinoma to the interventricular 
sephim, diagnosed clinically because of a puke 
rate of 20 to 28 per minute was reported by 
Rosier (1924). The primarj’ carcinoma arose 
from the skin of the cheek. 

“Marantic Endocarditis” (Nonbactcrial 
Tlirombotic Endocarditis). The valvular endo- 
cardium of patients who die of cancer may 
liave changes called marantic endocarditis. 
According to Eger (1941), Guder found 169 
instances of recent verrucous endocarditis 


among 22,705 autopsies. Among tlicse 169 
autopsies were 43 instances of cancer, 40 of 
which revealed no evidences of an aaite in- 
fectious disease. Such an endocarditis occur- 
ring in cancer patients in tlie absence of an 
acute infectious process, Is sometimes referred 
to as “cancer endocarditis” (Eger). Tlie endo- 
cardial changes are e.\plamed as follows: 



Figure Xni-19. Photomicrograph of vegetation shown 
ia Figure XIII-18. X400. (WCCII, 50 P 023.) 
{Courtesy of Dr. F. C, Coller.) 
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shortly before death of the patient, toxic sub- 
stances are absorbed. This causes an activa- 
tion of the mesenchyma and also damages the 
endothelial lining of the heart valves. In the 
region of these defects, the blood plasma ex- 
tends into the valvular tissues and causes a 
fibrinoid degeneration with consequent for- 
mation of tljrombi. Eger concluded llial split 
products of the carcinoma are toxic and cause 


the allergic reaction. (See also Allen and 
Sirota, 1944.) 

Eger also described interstitial myocardial 
granulomata, consisting principally of histio- 
cytic cells, in patients who died of cancer. 
Among 34 hearts with endocarditis, from pa- 
tients with carcinoma, such changes were 
found 8 times. In not a single instance were 
typical Aschoff bodies recognized 


CYSTS OF THE MYOCARDIUM AND HEART 
VALVES, AND DIVERTICULA 


Epithelial Cysts 

Simide epithelial cysts (Figure XIlI-21) 
also occur within the heart but are very rare. 
Davidsohn in 1938 was able to find only 3 
instances in the literature, to whiclr he added 
a fourth. Tliesc cysts were encountered as 
incidental findings. 

Stoeckejijus (1919) reported a pea-sized cyst 
in the posterior papillar)’ muscle of the left ven- 
tricle. The inner surface of the cyst was lined by 
ciliated epithelial cells, varying from columnar 
to cuboidal to fiat cells, llie latter resembling the 
Immg endocardial cells. In some cells the nuclei 
were displaced to the periphery, producing a re- 
semblance to goblet cells. He attempted to ex- 
plain these cysts ou the basis of persistent unused 
minute cavities, dating back to the embryonal 
period when the cavity of the heart had the struc- 
ture of a sponge. Kolatschow (1933), who le- 
ported a cyst (21 by 18 by 17 mm.) close to the 
anterior papillary muscle of the left ventneJe. 
suggested either heterotopic glandular structures 
or misplaced epicardial lining cells as llie possi- 
ble ongin of this cyst. (See also Leicher, 1948.) 

De Chatel (1933) found 2 cysts lined by squa- 
mous cells in the interatrial septum of a nmvborn 
girl. 

Davidsohn found a cyst measuring 10 by 5 by 
4 mm. on the posterior wall of the left ventricle 
within the posterior papillary muscle near its Up. 
It was an incidental finding in a 64-ycar-old 
woman, who died of general pentomtis following 
operaUon for perforation in adenocarcinoma of 
the cecum. Microscopic examination of the cyst 
disclosed its inner surf<ice to be lined by two 
l.iyers of epithelial cells, covered by ciha. Mayer’s 
niuciearmiti stain showed arc.is staiiung deep red 
at the periphery of the cystic cavity, adjacent to 


the lining cells. Davidsohn called attention to 
the similarity in structure between such a rare 
epithelial cyst of the heart and the not uncom- 
mon esophageal cyst which is lined with a colum- 
nar, frequently ciliated, epithehum or with squa- 
mous cells. The lunien of these cysts is always 
completely separated from llie lumen of the 
esophagus. It is accepted that the esophageal 
cyst is caused by a disturbance in the separation 
of the trachea from the intestinal tract. David- 
sohn pointed out that, whereas such an explana- 
tion for the esophageal cysts is coiwincmg, 
there is no bridge that would pennit the applica- 



Figvire XIII-20. Thrombus attachtd to rtlitidalions 
of nght dtnum just inferior to mouth of supci,or vena 
cava, containing carcinomatous embolus from pnmary 
carciiuiina of cervix. (Drawing by Louise Horne, 
Wayne County General Hospital.) 
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Figure XlII-21. CongetuWl cysl ot m>ocardiuni X 150. (WCCH, -45? 
191 A.) {Couit«»yof Dr. D. E. Slofcr.) 


tion of this h>’pothesis to the epithelial c>'sls of 
the heart. 

Leighton and associates (1950) found squa- 
mous epitlielial cysts in tlie heart of an infant 
at the root of tlie septal leaf of the tricuspid valve 
and the adjacent septum, along v*ith a sacmilat 
deformity. The inter\entricular septum was pat- 
ent. The cysts were multilocular and were lined 
by non-keratimzing stxabiied squamous epithe- 
lium. Some of the c>'sbc spaces contained an 
amorphous debris and shrunken cells with clear 
cytoplasm and pyknoHc nuclei. There were also 
cystic changes in the ovaries and breasts. 

Sachs and Angrist (1945) reported a small 
cyst situated m the center of the left ventricular 
wall, measuring 0.9 cm. m diameter. It was com- 
pletely surrounded by cardiac muscle and did 
not cause any’ discernible bulging of the muscle 
toward either the epicardial or tlie endocardial 
surface. The contents of tlie cysts were gelatinous 
and translucent, with a pale green tint. On micro- 
scopic e.vamination, the inner epithelial layer was 
tall, columnar and ciL'ated for the most part, but 
cuboidal in other areas. 

The authors suggested that such cysts arise 


through the licterotopic inclusion and sequestra' 
tion of entoderm during Uie formation of tlie 
primitive foregut and single-cliambered heart. 
Bayer (1940) desenbed a cyst arising just be- 
neath llic cpicardium dose to tlie apex of the 
heart. Tlve cyst was lined by endothelial cells 
and was interpreted as originating from mis- 
placed epicardial cells. He also described a cyst 
m tlie myocwrclium lined by ciliated epiUicliaJ 
cells, in a patient who had died of carcinoma of 
the large intestine. This cyst was interpreted as 
arising from misplaced epithelium of the bron- 
chial tree. 

Summary. If microscopically a number of 
small glandlike structures are encountered in 
the heart, especially’ in Uie region of tlie atrio- 
ventricular node, it is most likely tliat tliey 
represent misplaced pericardial lining cells. 
If tliey form tumors, tliey must then be in- 
terpreted as mesotlicliomas. If cysts are pres- 
ent vvliich are lined by cells of questionable 
origin, diey ma>' also be regarded as arising 
from mesothelial cells. If tliey are ciliated, it 
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is thought that they may have arisen from 
misplaced epitlielium of the bronchial tree. If 
tile cells are squamous in type, they may have 
been derived either from misplaced ectoder- 
mal or from entodermal cells whidi had 
undergone metaplasia. From a review of the 
reported instances of cysts in tlie myocardium, 
one IS struck by the fact that in some of these 
patients, in addition to the cysts, a primary 
carcinoma was also present, commonly lo- 
cated m the gastrointestinal tract. In the cases 
cited, the authors discussed, but always ruled 
Out, the possibility that the c)’sts represented 
metastatic lesions. (See also Mesotheliomas 
of the Heart.) 

Blood Cysts (Telangiectases) 

Blood cysts (telangiectases) are often 
found on the heart valves of newborn infants. 
According to Levinson and Learner (1932), 
they were recorded as early as 1844 by 
Elsaesser and 1857 by Luschka. They are de- 
scribed as small, circumscribed, elevated, dark 
red nodules which appear grossly as cysts 
filled with blood. Tlicy are seen most com- 
monly on both tlie mitral and tricuspid leaf- 
lets, usually vary from pinpoint to pinhead 
size and rarely exceed 1 mm. in diameter. 
They vary in number, usually from 2 or 3 to 
10 or 15, but as many as 30 have been reported 
in one heart. Tlie nodules project above die 
atrial surface of the atrioventricular leaflets 
near the free margin beUveen the edge and 
the line of contact or closure. On the semi- 
lunar cusps the nodules project into the ven- 
tricle and are located at, or very close to, the 
line of attachment of the cusps. 

The rare occurrence of a liemangioma (blood 
cyst?) was reported by Pricliard (1951) in the 
right atrium in the region of the foramen ovale 
in a 38-year-oId wliite man. 

Valves Involved. Table XIII-7, taken from 
Jonsson’s (1916) communication, discloses the 
relative frequency of tlie involvement of the 
valves. 

Microscopic Appearance. On histologic ex- 
amination the nodules appear on cross-section 
as sp.)ces filled with red blood cojpwscJes. 
Tlicse spaces are lined by a single layer of 


TABLE XIII-7 

Distnhution of Blood Cysts (Telangiectases) on Heart 
Valves in Jonsson’s (1910) Senes of Newborn 
Infants 


Valves Involved 

Vaites S/iotring Number of 
Nodules (Cysts) Cases 

Mitral, tncuspid, 
puluonic and aortic 

4 

2 

Mitral, tncuspid and 
pulmonic 

3 

2 

Mitral and tncuspid 

2 

23 

Tncuspid and pulmonic 

2 

1 

Tncuspid and aortic 

2 

1 

Mitral and aortic 

2 

1 

Mitral 

1 

7 

Tncuspid 

1 

6 

Aortic 

1 

1 

Pulniotuc 

I 

1 

Total 


45 


endothelial cells, in appearance similar to the 
surface of tlie endothelium of the valv-e leaf- 
let. Near tliie attachment of the valve to tlie 
myocardium a few blood vessels are incon- 
stantly seen, although in the body of the leaf- 
let no blood vessels are found. 

Origin. Several views have been expressed 
regarding the origin of tliese cysts (telangiec- 
tases). Some authors believe that they repre- 
sent extravasations of blood and should be 
classified as hematomas. Others believe that 
they represent either true angiomas or, per- 
haps better, hamartomas, while still others 
think that these cysts represent dilated blood 
vessels. Another opinion holds tlie cysts to 
be spaces filled with blood, the result of blood 
pressed into crevices running from the sur- 
face of the leaflet into tlie stroma form- 
ing the leaflet. According to Jonsson (1916), 
the cysts develop when passing blood ac- 
cumulates witliin these spaces or potential 
spaces. Development of cysts depends on 
the specific structure of the leaflet as well 
as u^xm the cliaracter of the tissue of the 
leaflet. Levinson and Le.UTier (1932) con- 
cluded that there is no pathologic significance 
to these cystic nodules. Tlicy arc to j)e re- 
garded as a common anatomic finding. Boyd 
(1949) believed that blood cysts are com- 
monly present on the lieart valves of infants. 
From a study utilizing 4Cri.-jl sections, ho sup- 
ported the cv-planation tluat they result from 
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Figure XIII*22. Ftbrioosanguineous pencardibs resulting from infiltration 
by monocytic leukemia (WCCH 49 P 491.) 


blood being pressed into crevices on die ven* 
tricular surfaces of the cusps. Subsequent 
fusion of the mouUts of the crevices forms tlie 
blood cyst. 

Diverticula of Heart 

True Diverticulum. True diverticula of the 
heart were recorded by Arnold (1894) and 
also by Mahrburg (1930). They described 
fingerlike outpouchings of portions of tire left 
ventricle, which were well separated from the 
surrounding structures outside tlie heart, or 
which were either separated from tire heart, 
or bad e\tended tlrrough the opening of the 
diaphragm to the anterior abdominal wall. 
The wall of these outpoucirings consisted of 
cardiac muscle and were lined by endocar- 


dium. Therefore, Urey were classified as true 
diverticula. 

False Diverticula. A false diverticulum was 
recorded by Bayer (1940). It was located at 
the apex and had caused adliesions betvveen 
both leaves of the pericardium. It was thought 
that tlie original lesion was misplaced endo- 
cardium, which because of necrosis of pro- 
liferated endothelial cells, formed a cystlike 
structure, still communicating ivith tlie left 
ventricle. The cy'stic structure gradually be- 
came larger and e.xtended into the pericar- 
dial sac. Tlie result was an outpouching of 
the endocardial structures into the pericar- 
dium. It is difficult to decide whether this 
false diverticulum may be interpreted as an 
aneurysm of the heart. 


LEUKEMIA AND ALLIED DISEASES 


In tile discussion of leukemic involvement 
of the heart, an attempt is made to distin- 
guish between simple microscopic leukemic 
infiltration and leukemic infiltration which 
has assumed the proportions of a neoplastic 
mass. Yet, from the literature, it is some- 
times difficult to decide to which cLissifi- 
cation the relevant report belongs. It is also 


often difficult to decide whetlier a ghen tu- 
mor should be classified among leukosarcoma 
(sarcoleukosis, see Hirsclifeld, 1925), lympho- 
sarcoma, cliloroma or chlorosarcoma, or mye- 
losarcomatosis. Whatever classification is 
adopted, whatever the true nature of tliese 
lesions may be, it must be emphasized that 
the pericardium (Figure XII 1-24) and myo- 
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Figure XIII-23. Myocardium in lymphoblastic Icu- 
l^emia Note blood vessel filled with immature leu- 
kocytes. Iron-lieinatoxylin. X 125. 


cardiunt are often involved in these condi- 
tions. 


Leukemia 

According to Kirch (1927) leukemic infil- 
trations of the myocardium are found only 
occasionally. They occur in both lympliatic 
and myeloid leukemias. These infiltrations 
may be confined to the stroma and may be 
confused with myocarditis. I have seen severe 
leukemic infiltration of the myocardium in 
leukemic patients who died unexpectedly. 
Often the pericardium is also involved (Fig- 
ure Xin-22). Wendkos (1941) described, as 
the earliest and outstanding manifestation, 
massive pericardial effusion in a patient with 
leukemic involvement of the pericardium. 

Leukemic infiltration of the myocardium 
(Figures XlII-23 and XHI-24) is much more 
common than was previously assumed. This 
can be easily explained by more careful histo- 
logic examinations of tlie myocardium. 

Thus, Aronson and Leroy (1947) concluded 
that the heart is frequently involved in leukemia. 
Furthermore, Wiritrobe and Aiitchell (1940) re- 
ported tile occurrence m patients witJi leukemia 
of initial s>‘mptoms suggesting cardiac disease. 
One of their patients disclosed, at autopsy, a 
myeloid cliloroma nillj caidiac imolvement. 

Kirschbaum and Preuss (1943) studied 123 
fatal cases of leukemia and found tlie heart in- 
volved in 43 (34 per cent). The leukemic cells 
were encountered within the capillaries and in 
the interstitial tissue between tlie mvcKardial 


fibers. The heart was involved in 6 of 11 patients 
(54 per cent) with acute lymphatic leukemia. 
Tire highest percentage of cardiac involvement 
was found in acute stem cell leukemia. Of 23 
such instances, leukemic infiltrations in the myo- 
cardium were encountered 14 times (61 per 
cent). As stated above, Wendkos (1941) re- 
ported massive involvement of the pericardium 
and myocardium in a patient with acute lym- 
phatic leukemia who died unexpectedly. Burnett 
and Shimkin (1954) found that 26 per cent of 
their patients with leukemia had involvement of 
the heart. 

Among 95 instances of various forms of leu- 
kemia which were studied at Michael Reese Hos- 
pital and carefully examined microscopically for 
the presence or absence of myocardial involve- 
ment, leukemic infiltrations were found in 34 
hearts (36 per cent). The above figures, there- 
fore, indicate that the myocardium is commonly 
involved in leukemia. 

Reim (1916) reported an instance of acute 
lymphatic leukemia with tumorous nodules in 
the endocardium, in which Uic question arises 
whether the classification should not be lympho* 
sarcomatosis or, perhaps, sarcoleukosis. Low 
(1910) reported such an instance of myeloid cell 
infiltration at the base of the interventricular sep- 
tum. 

While leukemic infiltrations are thus com- 
monly encountered, Forkner (1938) has 
stated tliat the progressive heart failure some- 
times observed in patients xvith leukemia is 



Figure XIII-24. Leukemic (lyznphohlaitic) infiJtra- 
tioD of myocardium. Ucmatoxylm and uwin. X 100. 
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Figure XlII-25. N’oJular infiltration of atnal ieptuin 
above tneuspid valve, in Hodgkin's disease. (WCCH. 
52 A 183.) 


caused in all probability by myocardial de- 
generation, anemia and anoxemia. 

Three apparently unique cases may be quoted 
here. Costa (1931) attnbuted rupture of the 
left atrium of the heart to leukemic mhltraHon 
(myeloid leukemia). Puech and associates (1932) 
reported unexpected deatli in a patient with acute 
leukemia. At autopsy, a leukemic thrombus was 
found completely filling the ventricles of the 
heart. Koberle (1937) desenbed leukemic in- 
filtrabons in the heart valves. 

Chloronia and Lymphosarcoma 

Chloromas also involve the heart. A tv'pical 
instance of myeloid chloroma was described 
by Mieremet (191-4). Green nodules were 
found in the anterior wall of the left ventricle 
and posterior wall of tlie right ventricle. 
Lymphosarcoma involves the pericardium 
much more often than tlie myocardium. 

Among 23 cases of metastasis to the pencar* 
dium in Mieremet’s senes, there were 5 lympho- 
sarcomas. Among his 16 instances of metastasis 
to the myocardium, there was only I lympho- 
sarcoma, but the gross data were incomplete. 
Bardenheuer (192-4) found a primary lympho- 
sarcoma of the ileum, which had metastasize to 
the right atrium and right ventricle and had pro- 
duced severe stenosis of the tricuspid orifice. 
Young and Goldman (1954) and Cohen and asso- 
ciates (1933) stressed the relatively high inci- 
dence of involvement of the heart fay malignant 
lymphoma. 


As far as leukosarcomas are concerned, 
Forkner (1938) states that Icukosarcoma, 
when situated as it is so often, within the 
anterior mediastinum, frequently invades the 
pericardium and also the myocardium. 

Myeloma 

Myelomas also may produce metastatic 
nodules in the myocardium (Lichtenstein and 
Jaffe, 1947). 

Carlisle (1938) found 2 nodules, each tlic size 
of a bean, in tlic wall of the right atrium in a 
patient with myeloma. Piney and Riach (1931) 
found, in a patient witli multiple myeloma, a 
number of white nodules at the apes of the heart, 
which represented cxtramedulkary metastasis. 

Hodgkins Disease 

Hodgkin’s disease also involves the heart 
(Figures XllI-23 and 26). Evtension of me- 
diastinal masses into the pericardium and 
myocardium is occasionally seen in routine 
postmortem material, though many' sucli oc> 
cuiTcnces are not reported. 

SclJagenKaufcr (1919) reported 3 coses of 
Hodgkin’s disease of the gastrointestinal track 
In 1, the heart was of a yellow color and pre- 
sented an irregular speckled appearance. Histo- 
logically, the myocardium showed typical granu- 
lomatous tissue with Slemberg-Reed cells. 5ikl 
(1933), in a general review of myocartliUs, men- 
b'oned a case. Dalous, Fabrc and Pons (1936) 
reported, in a 25-ycar-old man with Hodgkin’s 
disease of Uie mediastinum, that the myocardium 
showed a number of white spots which liistologi- 
cally consisted of the specific type of granulation 
hssue. It is interesting to note th.it muscle giant 
cells were also present which were definitely dis- 
tinguished from the Stemberg-Reed type of giant 
cell. The patient had died suddenly. Without 
giving any reference, these authors quoted a case 
of Hodgkin’s granuloma in the heart, reported by 
Barre and Desnos. Krueger and Meyer (1936) 
reviewed 60 cases of Hodgkin’s disease, including 
18 autopsies. Tlie ventricular myocardium was in- 
volved twice and the right atrium once. McAlpin 
(1937), in a review of 23 autopsies found a 
rerard of nodules in the myocardium in 2 in- 
stances. Harrell (1939) reported an instance of 
fulminating Hodgkm's disease in which the peri- 
cardium and myocardium were involved, and 
Ritvo (1940) also reported an instance with in- 
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Figure XIlI-20. HodgLn’s disease infiltrating heart. Hematoxylin and 
eosm. X300. (WCGH, 435-38.) 


volvcment of the pericaidmm and myocardium. 
The peiicardium and the right atrium were in- 
volved in the case repoited by Garvin (1941). 
The Hodgkin’s granulomas projected into the 
atrial cavity as a polypoid mass. 

Setzu (1942) stated that he was able to col- 
lect only 10 instances of involvement of the 
heait in Hodgkin’s disease. He described an addi- 
tional case m which both tlie pericardium and 
myocardium had characteristic Hodgkins granii- 
lomala. Most of the changes in this instance were 
encountered in the pericaidium where the nod- 
ules weie well circumscribed and only a few 
had fused. 


The occurrence of numerous polypoid growths 
microscopically characteristic of Hodgkin’s dis- 
ease covering the endocardium of tlie left ven- 
tricle, especially between the colmunae carneae, 
was reported by Catsaras and Patsouri (1941). 
These authors interpreted the polypoid lesions as 
impbntations from the blood stream. 

Rast and associates (1945) encountered an 
instance with involvement of the epicardium by 
numerous giay-white nodules which microscopi- 
cally were characteristic of Hodgkin’s disease. 
Extensive involvement of the mediastinum was 
abo present. 
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1. zVTllEROSCLEllOSIS 


AT iiEJiOSCLEROSis IS }>v f.ir th<? most com- 
2\. inon jil licUon of Utc aorta but is hv no. 
means limited to it Indeed thn ^ime-.il im - 
nnr tance of alh y-nQrlprMtip invnKpmppr nf. 
coronar>\C£rehr;tf_atKjj;(l2£jailfli.iLailiaica_^ 
excc ccis tli aT of the in tftc aorta. 

... Nevmhcless. the~bjsic changes at all siles 
are the sam e an d thev are most re aciiiy visuai- 
ized in the aort^ Atherosclerosis lias bccni' 
defined as a "disease primarily of large ar-i 
teries, characterized by plaque-bke tntimal 
deposits which contain neutral fat, clioles- 
terol, lipophages and sometimes blood or otiier 
evidence of hemorrhago" (Committee on No- 
menclature, 1955). It is clinically the most 
important of the degenerative and sclerosing 
processes, producing thickening or hardening 
of arteries or atherosclerosis (Hueper, 1944, 
1945; Katz and Stamler, 1953). Unfortu- 
nately, indiscriminate use of die latter ahdj 
older term has resulted in ambiguity and con- 
fusion (Rabson, 1954; Magarey, 1955). Asl 
defined by Ixjbstein, arteriosclerosis also inJ 


eludes .Monckeberg's medial calcification as 
well as arteriolar liyTierplasia and sclerosis 
(Katz and Stamler, 1953). 

The intimal disease has far-reaching clin- 
icaf significance since it ranks among the 
leading causes of death. This lesion affecting 
the arteries supplying the brain, heart, kid- 
nc)'s and legs is responsible for considerable 
human incapacity. J)espite medfeaL ptogres^ 

the problem.*«f'TnnerDsi4erpsis is osj^et-iin.- 
h.Tg_ intense interes t 

on the part o£ i nvestigato ts>-* Moreover, lon- 
gevity alone IS inadequate to account for the 
manifold increase in incidence of fatal coro- 
nary heart disease obser^’ed in the United 
States and tJie United Kingdom witliin the 
past generation (Hueper, 1944, 1945). 

Hisiorical 

Descriptions of calcified or ossified arteries 
by Kiriy anatom ists constitute the first re - 
corded evidence of atherosclerosis (L.ee and 



,ave recognized tliat syphilis contrib- Qsit y most noticeable in the lar^e arterie s, %- 
the development of jUberoscler^ ^. progressive i ncre ase nf intimal fibrnnc tissue 
irvsms were attributed to atheromatous 
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ongation resulS^ in torhiosiry. The absence 


in we dilated and tortuous ar 


teries of aged persons was formerly attributed 
to a loss of elastic tissue but is more accu- 
58]_is generally acknowledged as Ihe^ „s<,ribed to a loss of elastic reserve 

since chemical analysis shows a normal quan- 
tity of elastin (Hass, 1943). 
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r the quantity of elastic tissue* to^be supcrfidal, l ongihidina 
the inUmal plaques. Early in the_ SOtli tcno 






and abdominal 


ascular lesions that 



9241 to which further reference will be Clriffl n ct aL 195 5X-.Studics of the c\olution 
of experimentally induced lesions in rabbits 


























898 


PATHOLOGY OF THE HEART 



Figure XIV-1. Porlioa of ihoracic aorta Note brgc 
“pearly >ihite'’ atherosclerotic plaijuvs, especially 
about Uie ostia of die segmental scNsels TEie smaller 
lesions, almost pure lipid m composition, ansc ab- 
ruptly from die mtmial surface. 


provicfe strong support for this viewpoint 
(Anitschkow, 1933). 

Microscopically, these early lesions are 
characterized by local siibendothelial infiltra- 
tion of the intinia by aggregated masses of 
fine anisotropic lipid droplets. Tin's material, 
rich in cholesterol, lies both in and between 
the cells, and seems to be largely restricted 
to the intima by the “barrier” of the internal 
elastic lamella (Anitschkow, 1933). 

By the end of thp second dernde some de- 
gree ot at herosclerosis is present in all aortas. 
Tl^ ty p^ ai plaqu^Iike lesion f Figure XIV- 
1) results fro m nroeressive reactive thicken- 
i ng oTTh e intima. Accordingly, sharp dis- 
tinctions between prominent fatty streaks 
and early atlierosclcrotic lesions cannot al- 
w^ays be made. I^o wever. after 
plaques of fibrous and lipid comnositio] 


progressively ; 


Ear ^v lesions are comnos etLof small, round 
or ovah vcUn^ spots which proi ec r- sl l gln K^ 
TliCv measure only a few millimpfprs m di - 
aynai^ hut tppd In f.iso nnrLJ*wTr>-Jar^or 

i rrcgul ar ^Iaqiics. T ^io nf fbf» 

llinpcfo npd ti l)(lnminal aorta. »c |v^pir.Hy 


ihojpxa 

.ilfont- 


>Qut the-erifices.of tbe-sCginental vessels, is 

the site of predilection. !rhe prncps«; ?<; Tnq.; f- 

a dvanced in the lower nlid^minal aorta, an d— - 
t he, ascending aorta and arch arc ]-plnh'v/,T^ > 
^pared*^ Moreover, it is often observed that 
most of the disease tlut is present in the 
proximal aorta is lipid in cliaracter, even 
when sclerotic plaques predominate distally. 
Similarly, the extent and severity of tlie in- 
timal disease is far greater in Uic arteries of 
lower extremities than in tliosc of the upper 
(De Takats and Pirani, 1954). 

Histologically die plaques consist of acellu- 
lar fibrous tissue with variable quantities of 
lipid both intra- and extracellularly. In the 
distinctive pearly white plaque (Figure XIV- 
2), the fatty component, amoridioiis and crj’s- 
tailinc, lies in tlic depths of an intimal lesion 
capped by a relatively thick hyaline sclerotic 
la>er ricli in tliin elastic fibers. Although such 
lesions do not stain when Sudan HI is ap- 
plied to a gross specimen of aorta, tliey are 
often rimmed with more superficial sudano- 
pliilic material which suggests peripheral c.x- 
tensi'on of the pfaque. Crowt/i a/so occurs 
by superficial accretion since deposits of lipid 
may be superimposed upon fibrous plaques.' 
There is no relation between tlio quantity of 
lipid and the amount of fibrosis in the inb'mal 
lesion. Related to the presence of the plaque 
are tliinning and attenuation of the under- 
lying media, fraying and disruption of the 
internal elasjic lamina and a local increase 
of vasa vasonmi. Hemorrhages, so frequently 
noted in atherosclerosis, undoubtedly arise 
from sudi channels and leave vestiges which 
contribute to. the content of tlie lesion (Win- 
temitz ef al. 1938; Geiringer, 1951). 


Contributori/ Factors 

Irregularities in the distribution of atliero- 
sderosis, particularly under spedal circum- 
stances, provide helpful clues to some of tlie 
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factors which contribute to it. Immunity of 
the venous circulatory system to this process 
suggests the importance of systemic arferial 
blood pressure. Confirmatory evidence is 
provided by tlie relative sparing of the pul- 
monary arteries except in conditions asso- 
ciated with prolonged pulmonary hyperten- 
sion and by increased severity of the disease 
both in human beings and in experimental 
am’mals with systemic hypertension (Gubner 
and Ungerleider, 1949, Tobian, 1955). A rea- 
sonable explanation for die special vulner- 
ability of the posterior aortic wall is found 
in the effect of pressure. Fixation and splint- 
ing by the vertebral column and by segmen- 
tal vessels limit elastic recoil and augment 
tlie impact of pressure of the pulse upon this 


portion of the aortic wall. Conversely, the 
mobility of the aortic arch explains the rela- 
tive sparing of this segment. Commonly 
plaques are noted on the ventricular aspect 
of die anterior leaflet of the mitral valve 
whicJi bears the brunt of left ventricular sys- 
tole. In coarctation of the aorta, intimal dis- 
ease is more advanced proximal to the nar- 
rowing (Moschkowitz, 1942); distally, a 
plaque marks the site of impingement of the 
jet of blood emerging from the stenotic area 
{Edwards et al., 1948). Erect posture and 
hydrodynamic pressure probably explains the 
augmented sclerosis in the lower aorta and 
ill (he arteries of the lower extremities 
(DeTakats and Pirani, 1954). 

Early involvement of the aortic ring near 



Figure XlV-2. Tran^ccboii of aorta. Loosely structured ami fragnivnled intimal platiucs bulging into the 
lumen, probably more tlian (Jicy <lo in life uben they are comprc«etl by the force of the circulating l>food. 
Note thinning of the heavily stained media utidcrl>-ing Uic plaques. X 4. 

•V 

Figtire XIV -3. Severe atherosclerosis of aorta. Note isolated ami ctudcvccnt plaques, ulcerations and tlirombi. 
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the insertions of Uie semilunar cusps (Griflin 
et al, 1955) suggests the importance of me- 
chanical trauma; similar inferences pertain to 
lesions about the ostia of the segmental ves- 
sels. 

Syphilis commonly produces an aortitis in- 
volving tile arch which results in medial scar- 
ring and intimal hbrosis. Superimposed 
atherosclerosis is frequent ( Anitsclibow, 
1925) and, unlike uncomplicated athero- 
sclerosis, is more advanced in the proximal 
aorta. Similarly, the aortitis that less com- 
monly complicates acute rheumatic fever may 
result in intimal thickening which predisposes 
to atlierosclerosis ( Pappenheimer and Von 
Glahn, 1924). Of greater clinical signifi- 
cance, however, is tlie propensity of the rheu- 
matic inflammatory process to invoKe the 
coronary arteries (Karsner and B.iylcss, 193-J; 
Saphir and Gore, 1950). 

Expenmentally, oUier factors Iiave been shown 
to be important in contnbuUng to atlierosclerosis. 
but their relation to die human disease rt-quircs 
elucidation. Chronic deprivation of p>Tidoxine in 
monkeys (Rinehart and Greenberg, 1949, 1956) 
and dogs (Mushett and Emerson, 1956) lias re- 
sulted in formabon of mbmal plaques, essentially 
devoid of Itpid. Deficiency of the suifur-con- 
taming amino acids eiLsrts an essential condition- 
ing influence on cholesterol-atherogenesis in 
monkeys (Mann et al., 1953). Moreoxcr, it is 
that tile admiiustratian. of cUoUc acid 
may augment atherogenesis in the rat as a re- 
sult of draining the body reserxes of sulfur (Fil- 
lios et al., 1956). Deficiency of choline has 
resulted in medial calcific lesions in the aorta of 
the rat (Hartroft et al , 1952) but its role as a 
cause of inbmal lesions has been contested (Hue- 
per, 1945). 

Chemistnj 

Cholesterol was recognized as a compo- 
nent of atheromatous material in IS57 by 
Mettenheimer (Wells, 1933). According to 
Wells, tlie question of whether the deposition 
of lipid is primary has been a point of dis- 
pute (Virchow, 1856; Thoma, 1883; jures, 
1893; and Klotz, 1911). Barr (1953) sug- 
gested that the fatty deposits were secondary 
to primary intimal overgrowdi, a viewpoint 
reasserted by Rinehart and Greenberg (1949, 


1956) who stressed the accumulation of muco- 
polysaccharide. Aschoff (1914, 192-1) pro- 
posed tlie more widely accepted “penneation” 
theory that circulating plasma lipids infiltrate 
the intiina and by their accumulation incite 
a reactive proliferative process to produce the 
intimal plaques of atherosclerosis. The process 
is facilitated by an ill-defined “physico- 
chcinicar degenerative change in the sup- 
porting ground substance of the intima. Sub- 
stantial support for this viewpoint is prox'ided 
by (i) the induction of atherosclerosis by 
hypercholesterolemia in rabbits (Anitschkow, 
1933), monkeys (Mann ct al., 1953), dogs 
(Steiner ct al., 1949; Bevans et al., 1951), and 
rats (Wisslcr ct al., 1954; Fillios ct al., 1950). 
(2) its accentuation by hypertension (Tohian, 
1953) as well as by processes or conditions 
which damage the vessel wall (Anitschkow, 
1933, Wartman, 1955), and (3) cliemical 
analysis of the lesions in atherosclerosis. 
Hirsch and Weinhousc (1043) and Hiisch 
and Nailor (1956) have shown the similarity 
of the lipid components of blood plasma and 
of early plaques. Witli older lesions, tlie "total 
cholesteror increases at the expense of phos- 
pholipids and neutral fat, a process attnbu- 
table to their selective removal (Buck and 
Rossiter, 1951). Tlie chcmicsil cliange is ac- 
companied by a morphologic reorganization 
from a superficial intimal lesion rich in foam 
cells to a plat^ue capped w'Uli fibrous tissue 
and characterized by a necrotic center rich 
in e.\tracellular lipid material (McMillan d 
al., 1955). 

Pathogenesis 

It is generally accepted tliat the inner lay* 
ers of arterial walls are nourished by seepage 
of plasma through tlie intima. Kellner (1955) 
has demonstrated tliat in cico the normal 
capillary wall permits tlie passage of appre- 
ciable quantities of protein and lipid w'hicJi 
are then collected by tlie Ijinphatics. Quan- 
titatively similar seepage through arterial 
walls is prex’ented by their more substantial 
structure; howev'er, tlie endotlielial lining, no 
different than that of the capillaries (Anitsch- 
kow, 1933), does permit access of constitu- 
ents of the plasma to the intima. Perfusion 
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of arterial segments in vitro (Evans et at, 
1951; Wilens, 1951) has demonstrated this 
process and indicated its significance in 
atherogenesis by formation of intimal lipid 
deposits. Mere mechanical filtration would 
seem to eliminate the chylomicrons from con- 
sideration. Tire other lipid fractions are of 
molecular size in the form of lipoprotein com- 
plexes (see below). While much remains to 
be ascertained about the factors which lead to 
the segregation of fatty substances from other 
plasma constituents, the physical properties 
(molecular size, solubility, stability, etc.) of 
the lipoproteins must be of importance. In 
these experiments tire rate of intimal accumu- 
lation of lipid far exceeds anything observed 
in life. An increase in permeability seems a 
reasonable e.xplanation but there is also a 
basis for suggesting that a “clearing” mecha- 
nism exists in the ivall of the living vessel. 
Changes in the composition of lipid in athero- 
matous deposits, with age ( Hirsch and Wein- 
house, 1943), indicate a vital process which 
is ineffective in dealing with cholesterol. 
Even the latter shortcoming is relative since 
regression of plaques does occur in rabbits, 
if sufficient time is allowed (Anitschkow, 
1933). Accordingly, atherosclerosis may be 
the consequence of permeation of lipid in ex- 
cess of the “clearing” capacity of the vessel 
wall. The augmenting effect of inflammation, 
injury or deficiency of essential metabolic 
component could be mediated by impairment 
of the “clearing” mechanism. 

Local conditions, already mentioned, explain 
the focal plaque-hke nature of the intimal disease. 
In rabbits, staining of the aortic wall by trypan 
blue occurs precisely at tliose sites which are most 
vulnerable to deposition of lipid (Anitschkow, 
1933). Similarly the selective uptake of colloidal 
thorium by intimal plaques in the rabbit demon- 
strates greater permeability at tliese foci (Duff, 
McMillan and Lautsch, 195-1). Cortisone and 
hyaluronidase have a more general influence on 
permeability; administered to rabbits, tliey re- 
spectively inlubit or augment cholesterol atlicro- 
geiiesis (Wang et al., 1955). 

As Ilueper (1956) has indicated, objections 
can and have been made to other theories 
of pathogenesis. Too many exceptions occur 


at either end of tlie age scale for senescence 
to he considered seriously as a cause of 
atherosclerosis (Katz and Stamler, 1953). In 
primary medial disease (Duff, Brechin and 
Finkelstein, 1954), one does not take into 
account the frequent intimal lesions without 
change in tlie subadjacent media. Organiza- 
tion of mural thrombi ( Duguid and Anderson, 
1952) undoubtedly does occur but is a plaus- 
ible explanation in only a small number of 
cases and then usually in advanced athero- 
sclerosis. Leary’s (1941) concept of Hpo* 
phagic invasion of arterial intima leaves too 
many riddles and has not been confirmed 
with isotope-labelled macrophages (Simonton 
and Gofman, 1951). Finally, Hueper’s (1956) 
colloidal macromolecular theory requires sub- 
stantial documentation. Tlic significant “col- 
loidally unstable clvolesterol complexes of low 
density” have not been characterized. Indeed 
those changes wliich have been established 
in plasma cliolesterol per se or in the lipo- 
proteins (see below) are quantitative and 
not qualitative. Tlie premise that constituents 
of low density in the plasma of molecular or 
even of macromolecular size show cliaracter- 
istics of laminar flow in the circulation, and 
are displaced to the periphery, seems un- 
likely. Enormous centrifugal forces are re- 
quired to demonstrate differences in density 
in molecules .and protein. Finally the normal 
endothelium is permeable to proteins and 
lipids (Kellner, 1955) and it is not necessary 
to postulate anoxic or other disturbances to 
account for it. It follows, of course, that these 
same considerations apply to the other expeii- 
mentally administered macromolecular sub- 
stances which produce intimal lesions in ani- 
mals. 


Lipid Metabolism 

Even though has been establ is hed, for 
some species at least, that cholesterol can he 
synt hesized by the aOTtic u. i)J (Wctlicsscn , 
1954 j, quantities so fonnt*<l '^r<» 
to explain tlio deposits which ch.ir.ictcn Vc 
Severe atherosoler^s (Fr.inhc. 1955) . T licse 
must hav^heir orig in in tlic blood,- a nd con- 

fliat the frequency and severity of athcro- 
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scIeros^_3:aHC5 aifh die serum rfmfnfrrnl _ 
fjvel (Gubner rm d-UiiL'i!i4tHder. 1^49). Cer- 
tain diseases, characterized by hypercholes- 
terolemia out of proportion to elevation of 
other fractions of blood lipids, have been as- 
sociated witli an augmented tendenc>' to- 
wards atherosclerosis botlr in incidence and 
severity. These include diabetes mellitus, 
lipid nephrosis, hypothyroidism and essential 
familial hypercholesterolemia and xanthoma- 
tosis ( Gofman et ol , 1954; Piper and Orrild, 

1956) . Comparative geographic studies have 
shown striking differences in the incidence 
of atherosclerosis that may be correlated with 
parallel differences in the “normal” blood 
cholesterol levels. These in turn reflect die 
content of lipid and cholesterol of the diet 
habitually consumed by the population group 
(Katz ct at, 1955, Keys, 1956, Tejada and 
Gore, 1957). Parentlietically, not only is there 
a relationship between intake of fat, levels 
of cholesterol, and atherosclerosis, but it ap- 
pears that s aturated neutral fats and fats nf- 
animal origin have greater siguiScance than 
other forms (Kinsell et at, 1953; Bronte- 
Stewart et at, 1950). From botli human and 
experimental material, it is obvious tJiat there 
is no simple relation between elevated serum 
cholesterol and atlierosclernsis. In familial 
hyperlipemia, the level of cholesterol is in- 
creased but not to the same degree as the 
other lipid components and there is not the 
propensity to atherosclerosis that character- 
izes familial hypercholesterolemia and xan- 
thomatosis (Thannhauser, 1950; Boggs et at, 

1957) . 


bitcrest has also centered on the mechanism of 
transport of lipid. Chylomicrons, particulate 
structures which are responsible for lactescence 
of hyperlipemic serum, are largely composed of 
neutral fat. They contain only 5 per cent or less 
of cholesterol (Katz and Stamlcr, 1933); hence, 
cannot be accorded the significance in athero- 
gencsis diat Moreton (1947) had postulated. Pro- 
teins, in the form of complex lipoproteins, com- 
prise a much greater fraction of the plasma lipids 
(Havel ct al , 1955; Bragdoii ct at, 1956). Elec- 
trical charge and differences in electrophoretic 
mobdity, vaiiations in density .as delemiined by 
the uhracentriftige, and chemical distinctions all 
show that there are two distinct groups, c/z., the 
alpha and beta lipoproteins (Anfinsen, 1953). To- 
gether these include .about 90 per cent of tlic 
plasma cholestciol in addition to other lipids. The 
major compositional differences between the two 
are tabulated below (Surgenor, 1933). 

The chief alterations in concentration of 
blood lipid are “reflected almost quantita- 
tively in die amount of lipid in die beta lipo- 
protein compartment” (Surgenor, 1933). Ac- 
cordingly, this fraction and its reJafionshrp to 
atherosclerosis (in the form of coronary heart 
disease) have been studied most intensively by 
Gofman and associates (1932) who have indi- 
cated diat die beta lipoproteins are composed 
of a whole spectrum of substances identified 
by dielr rales of flotation when suspended in 
a solution of sodium cliloride having a density 
of 1.063 and subjected to ulb'aceutrifugation. 

TABLE XIV-l 

Composmon and Properties of the Major Lipoproteins of 
Human PI tsma (Surgenor, 1955) 

Ltpopnithis 


Experimentally Hirsch and Nailor (1955) 
created the analagous situation and found similar 
results in rabbits fed diets reinforced with cream 
or cholesterol. In their opinion, die neutral fats 
and phospholipids function ns solvents for the 
much less soluble cholesterol. In biliary cirrliosis 
after long-standing obstructive jaundice, the ele- 
vation of the phospholipids has been thought to 
be the explanation for the lack of the atlierogenic 
effect of die concurrent hypercholesterolemia 
(Ahrens, 1950). The same explanation is given 
for die lack of intensified aUierogenesis following 
experimental administration of alloxan (Duff, 
Breclim and Finkelstein, 1934) or detergents 
(Kellner, 1953; Hirsch and Kellner, 1950). 


.itpha Beta 

DensU)' and ultracentrifuga] 
charactenzation 1.16 1 032 

(high density) (low densiC}) 
Per cent of plasma proteins 3 5 


LtptJ in Gi/i. per loa Gm. of 
lipoprotein 


Unestenfied cholesterol 3,3 

Cholesterol esters 15 0 

Pbosphohpids 21.0 

Totallipids 39.3 

Protdn moiety 60. 

Mole ratios 

Free cholesterol to total 

riiolesterol 0.27 

Cholesterol to phospholipid 1.3 
Cholesterol tonitragen 0.053 


76.7 

23. 


0 27 
2.1 
0.28 
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stances cannot neutralize the influence of otlier 
factors in atherogenesis. 

Cortisone or ACTH produce hypercholesterole- 
mia both in chickens (Katz et ah, 1955) and 
rabbits but retard atheiogenesis presumably be- 
cause of diminished endothelial penneabilfty (Ad- 
lersberg et ah, 1954; Gordon et ah, 1954). Refer- 
ence has already been made to hypothyroidism as 
a condition associated with hypercholesterolemia 
and predisposing to atherosclerosis. It is perti- 
nent to note that hypothyroidism induced by thi- 
ouracil is a prerequisite (Steiner et ah, 1949) to 
induction of atherosclerosis in dogs and is one 
of the means of producing arterial lesions in rats 
( Wissler et ah, 1954 ) . 

Complications 

Necrosis is one of tlie frequent complic»a- _ 


Elevated values of certain of these (Sf 0-12 
and Sf 12-400) show a correlation with coro- 
nary heart disease that is higher titan the 
correlation of increased cholesterol levels 
witli coronary disease. However, other work- 
ers who have measured ultracentrifugal lipo- 
proteins could not confirm their thesis (Gof- 
man et at, 1956). A clearing factor (Anfinsen, 

1955 } seems to be important in the metabolic 
degradation of the lipoproteins of low den- 
sity. Administration of its activator, heparin, 
retards the development of atlierosclerolic 
lesions in rabbits fed cholesterol but has no 
influence on the rate of regression of lesions 
(Horlick and Duff, 1954). In man, heparin 
reduces the proportion of lipoproteins of high 
density (Engelberg ef ah, 1956). 

Die alpha lipoproteins, on the other band, 
show a striking constancy in level (Surgenor, 

1955). The diminishing proportion of plasma 
cholesterol which they incorporate with age, 
coronary heart disease, and hypercholeslcr- 
olemic states (Eder, 1955) seems to be en- 
tirely secondary to increased values of the 
beta fraction (Baker et ah, 1955). It has been 
found that estrogens and estrogenic sub- 
stances have a potent influence in reducing 
the ratio of beta to alpha lipoprotein; andro- 
gens counteract this effect. Accordingly, it 
seems reasonable to attribute the observed 
predilection of clinical atherosclerotic disease 
for the male to the effect of his androgens 
upon plasma lipid (Russ et ah, 1951; Barr, 

1953). 

In cluckeiis, Katz and his associates (1955) 
have shown that the variiitions in senun Jjpiik 
induced by estrogens duninishes the atherogenic 
influence of cliolesteiol-enriclied diets and actu- 
ally appears to leverse established lesions in the 
coronary arteries. Further insight into the in- 
fluence of the sex honnones is furnished by the 
comparative studies of Keys (1950). Die pie- 
dominance of males is greater when tiie total 
incidence of atlierosclerolic disease is Jiigh. "Fe- i 
male sex hoitnones offer their greatest protection ] 
only in the face of such extraordinary atlicrogcnic , 
forces as arc generated by the current mode of 
life of the most prosperous western society" 

(Ke>s, 1936). A rising incidence of coronary* F'Surc XlV-4. Renal .-utcry ansing from aorta. The 

7 . .1 Tf . 1 c. . /» inbma ot both Vessels is severely UucVcncii by alherom- 

dcalta among ..omen in llio United States (Lre Tlio leiial artery i. occluJeil by a rreint 

and Thomas, 1956) indicates that estrogenic sub- thrombus. X 4. 
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Figure XIV-3 Portion of aortic \s-aU sbowiog bte 
effects of s>-p!ulibc infection Note inbnul sclerosis, 
focal areas of destruction of nicdia, and thickened 
sasa and scarring in adventitia The destruction of 
die elastic tissue in the nicdia is responsible for weak- 
ening of the vessel wall. (.\FIP, Accession 5697S6.) 

Orcein stain. X 10. 

ti oDS of atlierosclerotic pla oues. Ordinarily, 
it begins and may be lim itetl to U i^KaseT 
d is&ise it e xtends fo invol v'e 
tl ie bi^ _of die TCT ion^ p5: pciaUv~^d the 
contiguouT portio nof the underlying media; 
a t times a narrq "* of miisclf* and «»ln’i hV 
tissuei^ybe,jll-tj}at-reflvains-Q£_thc.^J2liic 
wall. T he necrotic, grossly pasty and yellovy- 
gray material, responsible for the name 
“atheroma,” is acellular and palely acido- 
philic. It is rich in both amorphous and 
crj’stalline lipid and may contain granular 
deposits of calcium and a variable admixture 
of fresh or degenerating blood. A shaggy 
“atheromatous” lifcero/ion may result from 
extension to and perforation of the tlu'n 
superficial fibrous layer. On the other band, 
dystrophic calcification of tlie superficial sde- 
rotic layer may permanently’ seal the lesion. 
Fonnation of actual bone and marrow' may 
result from ossification of the calcified plaque. 

Thrombosis i s_ a complication related^ to 
intim al rou ghening and to the ten'Hencv.j aL— 
atheromatous lesions to ulcerate (Figure 


XIV-3), There is such an abundance of anas- 
tomotic circulation peripheral to the aorta 
tliat thrombotic occlusion of the ostia of the 
branches of tlie celiac axis or the superior or 
inferior mesenteric arteries usually causes no 
difficulty unless the collateral channels are 
already appreciably narrowed. Similarly, 
tlirombotic occlusion of the orifice of one of 
the renal arteries (Figure XIV-4) may be 
symptomless. Tlie possibility of correcting or 
eradicating aortic disease surgically has 
focused attention on the syndromes resulting 
from tlirombotic obliteration of the aortic 
bifurcation, often termed the Leriche syn- 
drome (Leriche, 1940; Leriche and Morel, 
1948; Barnett et al., 1952; Kekwick ct al., 1952; 
Beaconsfield and Kimlin, 1953; Burt et al., 
1952; Callow, 1954; Luke, 1954; DeBakey 
ct al., 1955, HaimoWei and Escher, 1956; 
Brown et al, 1957; Massarelli and Estes, 
1957; Kramer ct al, 195S). This is an insid- 
ious process wlucb is compatible for years 
with nearly normal life. It is more common 
among males of early middle life in whom 
impotency is one of the prominent symptoms. 
Other symptoms include easy’ fatigability of 
the lower limbs, “global” muscular wasting 
of the buttocks and lower limbs, coldness and 
sluggish wound-healing. Although Leriche 
emphasized tlie absence of intermittent clau- 
dication and trophic changes, these condi- 
tions may occur if tlie iliac and femoral ar- 
teries are involved (Burt ef al, 1952; Kekwick 
ct al, 1952; Callow, 1954; Brown et al, 1957). 
Absence of femoral pulsation is a cardinal 
finding. Tlie insidious onset of tliis form of 
occlusion clearly distinguishes it from sudden 
dramatic embolic occlusion. 

Emboli onginate most commonly from mural 
thrombi of Uie left side of the heart, but some- 
times from proximally situated clots in tlie aorta; 
rare sources are valvular vegetations, fragments 
of a heart tumor and even foreign bodies intro- 
duced by trauma. The incidence of saddle embo- 
lism of the aorta (Albright and Leonard, 1930) 
ranges from 4 to 8 per cent of all arterial emboli. 

Tlie initial tlirombosis is said to originate 
more frequently in one of Uie iliac arteries 
and involve the bifurcation by retrograde ex- 
tension; less often the clot starts in the aorta 
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(Leriche and Morel, 1948; Beaconsfield and 
kunlin, 1953). As a consequence of long- 
standing occlusion, however, both common 
iliac arteries becoine converted into solid 
cords and the periaortic tissues become thick- 
ened and fibrotic (Leriche and Morel, 1948). 
Rarely tlirombotic occlusion has been re- 
ported to result from extrinsic pressure rather 
than from a primary vascular lesion (Burt 
et ah, 1952). 

Although patients who have had tluombosis 
may live for years, they are semi-mvalids and 
subject to the imminent hazard of thrombosis in 
the collateral channels and gangrene (Luke, 
1954) or to ascending thrombotic occlusion of the 
renal arteries and uremia (Callow, 1954). In 
order to avoid these hazards the procedure recom- 
mended IS thromboendarterectomy or resection 
and replacement by graft (DeBaVey ct al , 1955). 

Pertinent to a discussion of the Leriche syn- 
drome, a few cases have been described wiUi 
stenosis of the aorta distal to the arch Kaufman 
and Markham (1955) reviewed 10 cases involv- 
ing the thoracic, and 8 involving the abdominal 
aorta. The thoracic narrowing is generally diffuse 


and elongate and its association with periaortic 
fibrosis suggests an acquired condition, such as 
an organized thrombus. Following Maycock 
(1937), Kaufman and Markham legarded coarc- 
tation of the abdominal aorta as congenital. In 
their dse and m 2 of the remaining 7 there were 
associated defects or anomalies of the vascular 
system. The stenosis is localized to a point slightly 
above, at the level of, or just below the renal 
arteries. Morphologically there is no sharp dis- 
tinction between congenital and acquired lesions. 
Ritchie and Douglas (1956) have described an 
example of atresia of the infrarenal segment of 
the aorta in which it would be reasonable to 
accept a congenital ongin, were it not for the 
onset of progressive symptoms late in life. 

Ectasia or diffuse dilatation is commonly 
related to atherosclerosis, but may occur 
without it (Barnett et al., 1952). Accord- 
ingly, it represents an exaggeration of the 
elongation and dilatation whicli takes place 
with aging. It may be found in association 
with advanced cerebral atherosclerosis. In 
the cerebral vessels it is presumably related 
to the thinness of the media. In this location 



Figure XIV-0. Sj-j>hilUic aortitis. Note intcmiption of contiinuly of claitic 
lamellae and scarring in media. (WCCH, 32 A 115.) 
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it has little or no clmical importance. In the 
tlioracic aorta its radiologic appearance may 
simulate tliat of a mediastinal tumor (Stein> 
berg, 1956). Kinking of tlie elongate channel 
in tlie region of the ligamentum arteriosum, 
associated widi a systolic basal murmur, simu- 
lates coarctation (Bruwer and Burchell, 
1956). Angiocardiography, of coarse, clearly 

2. INFL/ULMATORY 

SyphiJis 

Syphilis is by far the must important cause 
of aortitis. 

Clinical Features. Cardiovascular s>'phUis, 
essentially limited to disease of the aorta and 
the aortic valves, accounts for more than a 
third of fatal syphilis (Stokes et al., 1945). It 
is two to four times as common in men as in 
women and about bvice as frequent among 
Negroes as in white persons (Table XlV-2). 
Vascular dissemination of the causative Irepo- 
neme occurs vcr>’ early after infection, and 


delineates the true situation. In tlie abdo* 
men, elongation of the aorta between the 
relatively ^\ed points of the diaphragm and 
the iliac bifurcation results in deviation ven- 
trally and to tlie left. 

Aneurysm, tile tliird, and statistically, the 
most significant complication of atlieroscle- 
rosis, is discussed on page 914. 

LESIOiNS OF AORTA 

injury to the blood vessels is a fundamental 
lesiuu in tlie patiiology of syphilis. However, 
clinical manifestations of aortic disease are 
generally delayed two to tlirec decades and 
the peak incidence is between 35 and 53 > ears 
of age. Nevertheless in 10 per cent of 186 
patients, syphilitic aortitis appeared less tlian 
5 years after infection (Cole et al., 1936). 
Cardiovascular syiihilis accounts for 10 to 13 
per cent of all heart disease presenting after 
age 50; but as autopsy experience discloses 
(Longer, 1926; Moore, 1943), this figure com- 
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TABLE XIV-2 


Cardiovascul.ir Involvement in Late or 

Latent Syphilis 

(Cole et al., 1936) 

Late or latent syphilis 

6253 (100%) 

Cardiovascular syphilis 

619 (9,9%) 

(8 1% of white and 31 0% of 

colored males) 

441 

(6 1% of white and 12 8% of 

colored females) 

178 fei^ales 

Uncomplicated aortitis 

4 9% 

Aortic valvular insufficiency 

4 1% 

‘yortJtis and sacculir .meurysm 

1 2% 

Syphilitic myocarditis 

0 8% 

Cardiovascular Syphilis (547 Cases) 

(Rich and Webster, 1952) 

Aortic insufficiency 

309 

Syphilitic aortitis 

141 

Aneurysm 

95 

Stenosis of coronary ostia 

2 


pnses only that fraction of aortic syphilis in 
which the lesion has attained clinical magni- 
tude. 


The more obvious signs and symptoms of 
syphilitic aortic disease, unfortunately, aie those 
of advanced disease. In aortitis the earliest phys- 
ical sign is accentuation and tympanitic quality 
of the aortic second sound. An aortic systolic 
murmur may be present and there may be con- 
tinuous substemal burning pain. RadiologicuHy a 


bulging of some part of the aortic arch is regarded 
as patliognomonic; the demonstration of calcifica- 
tion in the ascending arch is a helpful diagnostic 
finding (McCann and Porter, 1956). Serologic 
reactions are positive in 72 per cent, and remain 
positive in 52 per cent of patients who have 
received treatment (Cole et al., 1936). Clinical 
manifestations and changes in the cerebrospinal 
Quid, indicating neural involvement, are present 
in 50 to 70 per cent of persons with cardio- 
vascular Syphilis. Diminishing cardiac leserve, 
paroxysmal nocturnal dyspnea and anginal at- 
tacks, occuiring suddenly in a relatively young 
person, should arouse suspicion of syphilis. Pro- 
gression of the anatomic changes leads to aorhc 
regurgitation or aneurysm. Aortic insufficiency is 
characterized by a diastolic murmur, a collapsing 
pulse, capillary pulsation and caidiac enlarge- 
ment. 

Pathology. The Treponema pallidum in- 
vades the aortic wall by way of the vasa 
vasorum and since, according to Saphir and 
Scott (1927), tlie first portion of the aorta is 
most richly vascularized, disease of that seg- 
ment is most frequent. As elsewhere, the in- 
fection produces endothelial swelling, hyper- 
plasia and consequent occlusion of the vasa 
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Figure XI\'-9. SyphiLtic aor- 
Utis, showing characteristic 
puckenng of intinia (WCGH, 

38 A 419.) 

SO that ischemic necrosis contributes signifi* 
canlly to the destructive effects of tlie spi- 
roclietes in the media. Characteristically, Uie 
elastic aud muscle fibers of the aortic wall 
are destroyed in a patcliy or “moth-eaten" 
fashion (Figures XIV*3 and 6). Early, there 
is inflammatory' tliickening of the vessel wall 
and a mononuclear cellular infiltrate rich in 
epithelioid cells and plasma cells; occasional 
giant cells of the Langhans variety may be 
noted. The inflammatory reaction is most in- 
tense about foci of necrosis (Figure XIV-7) 
which may still show in “outline form” the 
structure of the unaffected tissue; being 
microscopic in size, tlie lesion is sometimes 
designated as a microgumma (Gordon et al., 
1942). The reparative response includes an 
influ-t of newly formed vasa from (he ad- 
ventitia, outlined by conspicuous collars of 
plasma cells and lymphocytes and narrowed 
by endotlielial swelling and hyperplasia. Witli 
resorption of the necrotic debris, gaps in ibe 
musculoelastic lamina become filled witli scar 
tissue whicli retracts, assuming a stellate 
shape (Figure XlV-8) and causing a corre- 


sponding puckering of the overlying intima 
(Figure XIV-9). Accompanying tlie repara- 
tive process, there are marked fibrous thicken- 
ing of the adventitia and sclerosis of the in- 
tima. Stokes and associates (1945) presented 
substantial clinical evidence pointing to the 
presence of mediastinitis with active inflam- 
matory process in the aorta. Spirochetes are 
readily demonstrable in the acute active 
phase of syphilitic aortitis which is seldom 
seen, but are infrequent in the smoldering in- 
flammatory lesion that is usually seen at au- 
topsy. With cure of the infection, the inflam- 
matory and degenerativ’e changes resolve, 
leaving as vestiges acellular stellate fibrous 
scars in the media and fibrous thickening of 
both adv'entitia and intima. 

Witli this background, the characteristic 
gross features of syphilitic aortitis are read- 
ily understood. Defects and scars in the 
media account fur aortic dilatation and for tlie 
characteristic linear wrinkling of the intimal 
surface. To some extent, weakening of the 
media is compensated by fibrous tliickening of 
the adventitia and intima which appreciably 
increases the thickness of the diseased wall. 
Tlie smootli, pearly, intimal plaques so fre- 
quently observed are the gross counterpart of 
the intimal sclerosis seen microscopically. As 
they age, they are subject to deposition of 
lipid, accounting for the pathologic ma.xim tliat 
syphilitic aortitis augments the severity of 
atherosclerosis (Figure XIV-10). Because of 
that complication, calcium may frequently be 


TABLE XIV'-3 

Incidence and Pro^osu orCardio^ascuIarSj-philis 
(.Moore, 1943) 

Per Cent Pro^noiii 

e/ Late • 

Svpiiin ^Jequdtefy 

Chnieal Type .iffecuJ UntreateJ Treated 

Subclinlcal aortitis 70-90 Good; no Excellent 

accurate 
dau 

Uncomplicated aortitis S-IO S-lOjcors 10-20 years 
or more 


Saccular aneur) sm 1-2 I -2 ) cars 5-10 ) ears 

.Awdc regurgitation 2-J 2-3 jears 4-I0j«aTS 

Myocarditis; coronary 

ostial stenosis 0.2-0J No accu- No accu- 

rate data rate data 
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demonstrable radiologically in the ascending 
arch of syphilitic aortas ( McCann and Porter, 
1956; Lodvvick and Gladstone, 1957). Intimal 
sclerosis overlying a diseased media is also 
responsible for syphilitic coronary ostial nar- 
rowing (Moritz, 1931). 

The pathology of syphilitic aneurysms is 
discussed on page 915. 

Rheumatic Aortitis 

Klotz (1912) was tlie first to call attention 
to this process. According to Klinge and 
Vaubel (1931), involvement of the aorta is 
usual in acute rheumatic fever. Pappenheimcr 
and Von Glahn (1924) and Klinge (1933) 
have characterized the gross lesion in the 
proximal aorta as elevated, translucent, intimal 
plaques of brown color. The Iiistologic stnic- 
ture of the lesion is comparable to rheumatic 
involvement of the atrial endocardium, and 
consists of elongate foci of fibrinoid degenera* 
tion with surrounding cellular infiltrate rich in 
large, frequently niultinucleated, basophilic 
histiocytes. Healing occurs by fibrosis, leading 
to nonspecific intimal scars. Frequently the 
aortitis is limited to the intima, but the 
process may extend deeper to involve both 
the media and adventitia. Klinge (1933) sug* 
gested that injury from the surface leads to 
the intimal lesion whereas the vasa vosorum 
carry the process to the outer coats. Micro- 
scopically, these layers present edema, vascu- 
larization, and a diffuse as ivell as perivas- 
cular cellular infiltrate. Foci of fibrinoid 
necrosis may be found in the adventitia, lying 
in relation to accumulations of large baso- 
philic histiocytes. Tliickening of the aortic 
wall, which may be noted in chronic rlieii- 
matic heart disease (Klotz, 1912), represents 
the nonspecific healed fibrotic stage of the 
process. Distinction from syphilis is generally 
based on lesser destructiveness of rheumatic 
aortitis, absence of medial gummatous ne- 
crosis and presence of fibrinoid necrosis 
(Pappenheimcr and Von Claim, 1926). Some- 
times, however, rheumatic vascular lesions 
may be quite destructive (Gross, 2935). 

Rheumatoid Aortitis 

In 1931, Bauer and associates reported that 


rheumatoid arthritis may be associated with 
aortitis and an aortic endocarditis which clini- 
cally and anatomically resembles the lesion 
produced by syphilis. 

Of 600 rheumatoid patients seen at the Massa- 
chusetts General Hospital during the course of 
18 years, 19 patients picsented this syndrome but 
had no evidence of mitral stenosis In all of them, 
tlie arthritic process had involved the spine. 

On the basis of their findings in 7 autopsies, 
Clark and co-workers (1957) described pink- 
red, coarsely granular, pannuslike intimal 
plaques or pearly gray, smooth scars with 
shell-Iike calcifications centering about the 
commissures and extending into the aortic 
sinuses and the first 2 to 3 cm. of the aorta. 
In 2 cases the coronary ostia were distorted, 
and in one case tlie left coronary artery had 
a small saccular aneurysm, 1 cm. in diameter, 
at its origin. The involved segment piesented 
scarring of the adventitia, the cusps of the 
aortic valve were shortened and thickened 
and their free margins were rolled, the cusps 
being separated by widened commissures 
(Figure XlV-11). Evidence of functional in* 



Figure XIV-10. SyiihiliUc aortitis 'vilh sevtre siiptr- 
iin{MMxl athcruMilcrdsis. SiphilUic aortic imiWiicicncy. 
Note dibtatiun of ascciiditiR aorta .ind separation of 
cusps at cominisMircs, (WCCU, 15 351.) 
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Figure X1V*11 Rhctimattiid aortitis involvement of aortic valve, 
aortic sinuses, and first 3 to 3 cm of aorta, from patient vvitli rlieiinutoid 
spond>Ltis Note intimal lluckcnmg, commissural widening, and eversion 
and foreshortening of the valve cusps. (Courtesy of Dr. J. P. KulLi, 
Harvard Medical ^hool.) 


sufEciency vvas found in hypertrophy and 
dilataUon of tltc left ventricle; and in sub- 
aortic endocardial pockets in three eases. 
Microscopically, witliin the media active le- 
sions were characterized by foci of necrosis 
and vascular granulation tissue, and by peri- 
vascular accumulations of Ijinphocytes and 
plasma cells. In the corresponding area, llie 
intima was thickened by an ovcrgrowtli of 
mucinous connective tissue with little or no 
inflammation, and tlie adventitia was thick- 
ened and flbrous and contained prominent 
vasa outlined by perivascular accumulations 
of inflammatory cells. 

Primary Acute Aortitis 

Primary acute aortitis is an exceedingly 
rare condition in which the inflammatory 
process in tlie aorta cannot be related either 
to endocarditis or to inflammation in an ad- 
joining structure. 

von Stumpf (1913) reported a case and was 
able to find only 9 other recorded instances. 
Rappaport (1926) desenbed suppurative infec- 
tion of the intima of the supravalvular segment 
of the aorta caused by gram-positive diplococd. 
It was presumed tliat underlying syphihtic aortitis 


had contnbuted to this localization. Saphir and 
Cooper (1927) reported a similar occurrence. In 
(he c.ise desenbed by Williams (1932), its asso- 
ciation vviti) medial degeneration resulted in dis- 
secting .incurysm. 

Nfartin and associates (1955) have empha- 
sized Uie vulnerability to infection of tbe “jet 
lesion," the intimal plaque distal to the aortic 
coarctation resulting from tJie impact of the 
blood stream. Indeed, in this congenital le- 
sion, subacute bacterial endarteritis is a major 
hazard (Abbott, 1928, Reifenstein el al, 19^7; 
Edwards ct al., 1948). 

Tuberculous Aortitis 

Tuberculous infections of die aorta have 
been reported in 28 instances (Scott et al., 
1949; German and Green, 1956). In all except 
two, tlie infection had spread directly to the 
aortic wall from a para-aortic focus. In most 
Instances, also, weakening of the vessel wall 
resulted in the formation of an aneurysm. 
(Sec section on mycotic aneurysms.) 

Giant-Cell Aortitis 

In 1937, Sproul and Hawthorne, under die 
designation chronic diffuse niesaoiiilis, re- 
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ported 2 instances of a lesion characterized 
by destructive inflammation of the elastic and 
muscle laminae and the presence of Laiighans 
giant cells. Similar histologic features are to 
be found in temporal arteritis (Kimmelstiel 
et at, 1952) and accumulated experience 
(Harrison, 1948) has made it clear that these 
are but differing anatomic manifestations of 
a widespread vascular disease. Giant cells 
and granulomatous inflammatory reactions 
(Figure XIV-12) are so conspicuous that the 
designation gianf-ccH arteritis is now used 
almost uniformly (Gilmour, 1941; Harrison, 
1948, Kimmelstiel et at, 1952). 

As summarized by Harrison (1948), the dis- 
ease involves older persons of either sex. The 
(.Umcal couise of several months’ duration, is 
characterized by malaise, fever, anemia, leuko- 
cvtosis and increased rate of sedimentation of 
erythrocytes. Clinically, the patients present 
prominent, thickened and painful, temporal ar- 
teries. Blindness and cerebral disturbances are 
not infrequent complications and indicate involve- 
ment of other cranial arteries. Most patients re- 
cover, and relief is obtained by use of cortisone or 
ACTH (Harrison et at, 1955). At the time of 
Harrison’s review in 1948, there vveie reports of 
16 autopsied cases, chaiacteristic lesions vveie 


found in the aorta (9 cases), carotid arteries (6), 
iliac arteries (4) , mesenteric and subclavian arter- 
ies (3 each), innominate and femoral artenes (2 
each), and in the pulmonary, coionary, celiac, 
renal, radial and retinal arteries (1 case each). 
Aortic involvement was more common m tlie 13 
autopsies reported since 1948 (Magarey, 1950, 
one case; McMillan, 1950, one, Cardell and Han- 
ley, 1951, one; Frangenheim, 1951, one; Rilama, 
1931, one, Meneely and Bigelow, 195S, one; 
Heptinstall et at, 1954, 3 cases, Gelfand, 1955, 
one; Lander and Bonnin, 1956, one, and Biody 
and Kiasnoff, 1956, 2 cases). These cases in- 
cluded an aneurysm of the diseased aortic arch m 
a S-year-otd African boy (Gelfand, 1955) and 
4 dissecting aneurysms (Magarey, 1950; McMil- 
lan, 1950, Brody and Kvasnoff, 1956, 2 cases). 

Intimal thickening by fibrosis and accumu- 
lation of interstitial mucoid material is con- 
spicuous in involv’ed temporal arteries and re- 
sults in considerable luminal narrowing ( Har- 
rison, 1948). In the aorta, however, the disease 
is largely confined to the media. Macroscopic 
changes are usually not seen, though Sproul 
and Hawthorne (1937) and Gelfand (1955) 
had observed longitudinal intimal wrinkling, 
and there may be superficial deposits of fibrin. 
Microscopically the media, which bears the 



rigiire XlV-12. Ciant-ccll artcntis. Note iniUnimatory Uiickening of Uio 
intima, giant-ccll reaction at vitc of disintegrating clastic mtexiia, and engulf- 
nicnt by giant cells uf short segments of clastic tissue. 



Figure X1V>13 A and D. Sypluhdc aneiiry^m of descending portiuu of thoracic 
aorta, causing erosion of ventral portions of bodies of dorsal vertebrae. Prom a 
manof43. (WCGH, 36 A 418.) 


brunt of the damage, is diffusely infiltrated 
with lymphocytes, macrophages and plasma 
cells, with resulting desfnrctron and disap- 
pearance of muscle and focal disruption and 
fragmentation of the elastic laminae. Foreign- 
body giant cells lie in relation to fragments 
of degenerating elastic tissue (Kimmelstiel 
et al., 1952), although it may be necessary to 
examine several levels to demonstrate them 
(Harrison, 1948). Damage to the elastica in- 
terna, in smaller arteries at least, distinguishes 
tlie lesion from thromboangiitis obliterans. 
Increased vascularization of tlie media occurs 
as part of the inflammatory reaction. Changes 
in the aortic adventitia are slight or absent, 
in contrast to tlie striking adventitial fibrosis 
in involved temporal arteries. The etiology 
is unknown. The clinical behavior suggests 
infection but no organisms have been dem- 
onstrated. 


Puheless Disease 

TTiere is considerable interest in an un- 
common condition characterized by absence 
of the radial pulses, called "pulseless disease.** 

Attention was first drawn to the syndrome in 
1008 by the Japanese ophtJialmologist, Takayasu 
(ated by Caccamise and Whitman, 1952), to 
whom it wns apparent tliat die lesion involved 
obliteration or occlusive clianges in die vessels 
arising from the aortic arch (Frovig and Loken, 
1951; Skipper and Flint, 1952). Caccamise and 
Wlutman were able to find reports of 58 cases up 
to 1952, most of them in young Japanese females. 
The condition, however, is more widespread geo- 
graphically, and by 1958 more than 100 cases 
had been reported (Moia et al., 1956; Birke et 
oL. 1957; Kalmansaliu and fCalmansahn, 1937; 
OUendorf, 1937). The syndrome is chronic and 
progressive and lias a poor prognosis. In addition 
to absence or diminution of pukation in the ar- 
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tenes to the head, neck and upper extremities, 
the patient may have weakness and easy fatiga- 
bility of the arms, reduced visual acuity, and 
dizziness or syncope upon assuming the erect 
position. Ocular and cerebral disturbances are 
often disabling and permanent (Ask-Upmark, 
1954) and death may result from the neurologic 
disorder. 

Pathologically, the aortic arch and the ar- 
teries arising from it present a panarteritis 
involving all layers of the arterial wall and 
ultimately producing obliteration by cicatri- 
zation or thrombosis or both (Ask-Upmark, 
1954; Bustamente et al., 1954; Ask-Upmark 
and Fajers, 1956). Barker and Edwards 
(1955) described and illustrated extensive in- 
filtration of the media by lymphocytes and 
macrophages, some increase in vasculariza- 
tion and "nonathcromatous” intimal thicken- 
ing which, in their case, had narrowed the 
coronary ostia. In the case reported by Fro- 
vig and Loken (1951), giant cells were pres- 
ent in the infiltrate, and therefore it was sug- 
gested tliat the condition may be related to 


temporal or giant-cell arteritis (Ask-Upmark 
and Fajers, 1956, Boccardelli, 1955). The ab- 
sence of pulsation in the upper part of the 
body, its presence in the lower, and the 
prominence of collateral channels led to the 
term “reversed coarctation” for the syndrome 
(Weir and Kyle, 1956), but this term is a 
poor one since the condition is acquired and 
coarctation implies a congenital origin. Ross 
and McKusfck (1953) and Kalmansahn and 
Kalmansahn (1957) have indicated that the 
cKoIogy is varied and that syphilis, athero- 
sclerosis, cl^ronic dissecting aneurysm, and 
trauma may at times be responsible for the 
occlusive syndrome of the aortic arch. Even 
if Uiese entities can be excluded, the varied 
histologic appearance of different cases, hke 
those of Barker and Edwards (1955) and 
Frovig and Loken (1951), suggests different 
etiologies. Both anticoagulant therapy and 
tliroinboend.^rferectomy (Spittel and Siekert, 
1957; DeBakey ct ah, 1958) have been recom- 
mended. 


3. AORTIC ANEURYSMS 


Any abnormal localized dilatation or 
widening of the aorta constitutes an aneu- 
rysm. In appearance it may be saccular, com- 
municating ivitli the arterial cliannel through 
a relatively narrow neck, or fusiform, in 
wliich case the involvement of the wall of the 
vessel is more diffuse, usually producing a 
spindle-shaped but sometimes a globular out- 
pouching. Dissecting aneurysms usually com- 
municate with the lumen tlirough one or 
more tears or rents in the intima; exceptions, 
consisting of strictly intramural hemorrhages, 
are of importance only because they provide 
insight into their pathogenesis (Gore, 1952). 
Of 412 aneurysms, Brindley and Stembridge 
(1936) classified 59.5 per cent as saccular, 
27.7 per cent as fusiform and 10.7 per cent as 
dissecting. 

All aiieuty'sms result from structural weak- 
ening of the vessel wall. The major processes 
contributing to them are syphOis, atherosde- 
rosis, idiopathic medial degeneration, infec- 
tions, trauma and congenital defects. The 


over-all necropsy incidence, which has di- 
minished moderately in the past few decades, 
varies from 2 to 4 per cent (Brindley and 
Stembridge, 1956). Exclusive of dissecting 
aneuiysms, a summary of 9 separate investi- 


TABLE XIV.4 


Location, Etiology and Age in 412 Cases 
of Aortic Aneurysm 
(Brindley and Stembridge, 1956) 


Firs/ lOQ C^sts 

Incidence at necrops) 4.36% 
Location 

Thoracic 82 

Abdominal 13 

Tboraco-.ibdomin.al 5 


Etiologv 

Syphilis 

.\Uierosclcra.is 


Medial degeneration 
(dissecting) 

Other 


77 

9 


Lasl loo Cases 
3.43% 


^8 

22 

ID 


49 

27 


.Age(ascragc) 

Over-all 

Syphilitic 

Atnerosclcrotic 


46.2>cjrs 61.8 years 

44.8 61.0 

71.0 65.5 
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Figure XIV-14 Eiouon of ventral portions of bodiei 
of dorsal vertebrae by syplulilic aneurysm. Note tliat 
Uie intervertebral disks were more resistant titan tlie 
spongy bone to the erosive effect of the aoeuryso'- 
From a man of 81. (WCGH, 3(1 A 419 ) 

gations (Cranley et at, 1954) indicates ao 
incidence of 1.5 per cent. Over the p.xsl few 
decades syphilis has become less dominant as 
a cause of aneurysm, and mycotic forms less 
frequent, both atherosclerotic and dissecting 
aneurysms have become increasingly common 
as indicated in Table XIV -4. 

Syphilitic Aneurysms 

Clinical Features. Aneurysms produce a sys- 
tolic bruit, diastolic shock, and an abnormal mass 
which may be detected by physical or x-ray 
examination. The suggestion lias been made Uiat 
the occurrence of aortic insufficiency protects, to 
some degree, against subsequent development of 
au aneurysm (Stokes et aL, 1945). The symptoms 
and signs produced by aneurysms depend upon 
their location and tlie effects of tlieir pressure on 
surroundmg structures. The great majority of 
syphilitic aneurysms inv’olve tlie tlioracic aortA 
and principally the arch (Table In one 


large series, aneurysmal involvement of the tho- 
racic aorta was limited to tlie ascending portion 
or the arch in 91 per cent (Cranley et ai, 1934). 
WitJj the onset of symptoms in syphilitic aneu- 
rysm, life evpeclancy is poor. Cranley and asso- 
ciates found that 59 per cent of patients vvilli 
syplulitic aneurysm died within one year and 77 
per cent in less than 2 years. Patients with ah- 
dominal aneurysms develop symptoms late and 
have a inucli shorter interval of survival. Death 
was related to niplure and Iieinorrh.ige in 59 per 
cent and to compression and erosion of vital 
structures in 39 per cent. Even after rupture 
there is tlie possibility of salvage since 25 per 
cent of persons witli ruptured syphilitic aneu- 
rysms live longer than 6 hours. Some effects of 
aneurysms of the aortic arch include: difference 
III blood pressure in the two arms; hoarseness re- 
sulting from pressure oil the recurrent laryngeal 
nerve; inerjuality m size of pupils, resulting from 
involvement of sympathetic nerves; and tracheal 
tug or compression. The introduction of aortog- 
raphy lus greatly helped in distinguishing aneu- 
rysm from tumor. Syplulitic aortitis seems to he 
one of the pnneipa] causes of the uncommon dis- 
order. "pulseless disease” (Hoss and McKusick, 
1953). In this condib'on a productive nrtentls 
results in obstruction of the brnchioc^ephalic ves- 
sels at or near tJieir origin from the aortic arch 
(Weir and Kyle, 1056). In a small proportion of 
cases, signs and symptoms of coronary sclerosis 
result from extension of tlie aortitis to the coro- 

T.ABLE -XIV-S 

Incidence of Race .vnd Sex, and .An.-itomic Location 
in 189 Svphiliric Aortic Aneurysms 
(Cranley tl u/., 1954) 

Incidence 


Negro 

120 (64-;^) 


(79%) 

Male 


95 

Female 


25 

(21%) 

\Yhlte 

69 {Z(>7c) 


(84%) 

Male 


58 

Female 


11 

(16%) 

Location 




Thoraac aorta 

169 (89(7) 



Ascending 


52 


Ascending and arch 


28 


Arch 


50 


Arch and descending 


22 


Descending 


14 


Unspecified 


3 


Abdominal aorta 

20 (11%) 




Frovimat to renal 
arteries 
Distal to renal 
uterus 
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TABLE XIV-6 


Etiology and Location of 365 Aortic Aneurysms 
(Blakemore and Voorhees, 1954) 


Etiology 


Thoracic Aorta Abdominal Aorta 


Otherosclerosis 

Syphilis 

Miscellaneous 


29 IH 

182 10 

IS 13 


nary ostia and at times along the proximal seg- 
ment of the vessels (Moritz, 1931). About one 
fifth of patients with syphilitic aortitis have 
coronary ostial involvement (Burch and Winsor, 
1942, Montgomery ei al., 1952) and the inci- 
dence of myocardial infarction is several b’mes as 
great (Burch and Winsor). The importance of 
early diagnosis and treatment is apparent from 
Table XIV -3 and from the study of Rich and 
Webster (1952). 

Pathology. Medial weakening may be ex- 
tensive enough in a given area to cause aneu- 
rysmal bulging of the aortic wall under the 
thrust of the blood stream (Figures XlV-13- 
17). Most syphilitic aneurysms are saccular 
(Kampmeier, 1938). Their walls are fibrous 
with no recognizable medial constituents ex* 
cept at tlieir ostia, Even relatively small 
aneurysms become filled witJi laminated 
thrombus, the most recent layers of wliich 
are adjacent to the wall of the sac. Doubt- 
less the thrombus is intended to protect 
the wall from the hemodynamic force but the 
latter continues to expand with the sac with 
each pulsation, thus preventing organization 
of the aneurysmal tlirombus and leading to 
accretion of additional clot (Figure XIV-IS). 
Allhougli pressure of die blood is instrumen- 
tal in producing aneurysms, hypertension is 
not more prevalent among those affected. Vic- 
tims of aortic regurgitation are less likely to 
develop aneurysms but are more likely to de- 
velop myocardial failure as a result of nar- 
rowing or atresia of the coronary orifices, 
coronary sclerosis and ultimate decompensa- 
tion of a hypertrophied but inadequate myo- 
cardium (Stokes ct ah, 1945). 

Atherosclerotic Aneurysms 
The great majority' of atlierosclcrotic aneu- 
ry’sms arc located in the abdominal aorta 
(Table XlV-6). 


Climeal Features. The aneurysms represent 
complicab'ons of severe atherosclerosis and com- 
prise a large and increasing proportion of aortic 
aneurysms (Manigha and Gregory, 1952, Blake- 
more and Voorhees, 1954; Parkhuist and 
Decker, 1955; Brindley and Stembndge, 1956). 
They aie more frequent among men and among 
older persons. Two thirds of tlie 44 aneurysms of 
Cranes (1955) were from patients in the sixth 
and seventh decades. 

Witliin the abdominal aorta, syphilitic an- 
eurysms tend to localize above the renal ar- 
teries (Kampmeier, 1936, Cranley et al., 
1954), whereas most atherosclerotic aneu- 
rysms occur below that level (Blakemore, 
1947; Wheelock and Shaw, 1956). Not un- 
commonly atlierosclerotic aneurysms are mul- 
tiple (Parkhurst and Decker, 1955). 

Estes (1950) found a long asymptomatic 
course in 30.4 per cent (102 patients). In 86 
per cent of Ci-ises lateral x-ray films of the abdo- 
men disclosed a large oval or spheroid mass of 
soft tissue with scattered calcified curvilinear, 



Figure Xl\’-15. L.'itcral view of jialieiil 0 weeks 
pnor to dcJth Irom external mptnra of sj-piulitic aortic 
aneuo^ni. (WCGH, 47 A 178.) 
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linear or laminated plaques (Petersen, 1952). In 
general, atherosclerobc aneurisms enlarge and 
ultimately lead eiUier to tluombosis or rupture. 
Symptoms result from pressure and adjacent in* 
Sommatory reaction and include abdominal or 
lumbar pain, varying in nature from dull and 
steady to se%'ere and pulsatuig, which may be 
referred to the tesbs or thigh. An abdominal 
mass is generally easy to tdenbfy when the aneu- 
rysm exceeds 5 or 6 cm. in diameter. After a 
variable interval, niplure supervenes. Among 102 
patients in Estes’ series, rupture caused death in 
63 per cent. In one third, death occurred within 
a >ear, and in two thirds vvitliin SHs >ears; only 
19 per cent survived 3 >ears and none of the 
pabents lived longer than 8 >ears. Kampmeier 
(1938) reported that 82 per cent of patients died 
within. 6 months, presumably because more of 
them had advanced disease. Pathologic findings 
(Cranley et al., 195-4) make it clear that many 
atherosclerotic aneuiysms are unrecognized dur- 
ing hfe since in 75 per cent of patients the aneu- 
rysm had no relationship to the patient’s death. 

The likelihood of rupture increases with 
the size of the aneurysm (Crane, 1955; 
Shapiro, 1957). Crane (1953) found that 
only one of 25 aneurysms Jess tlian 6 cw. in 
diameter had ruptured, in contrast to 14 of 
17 which were larger than 7 cm. Mural 
thrombosis is almost invariably present 
(Blakemore, 1917) and probably is a factor 
in slowing tlie escape of blood from the rup- 


ture and preventing promi)t death. BUke- 
morc estimated tliat there is generally an 
interval of 2 to 6 dav's between Ute initiation 
of retroperitoneal bemorrhago and death- 
Rarely Uiere is massive escape of blood into 
the abdominal cavit>’ ( Blakemore, 1947; Cop- 
ping, 1953), and exceptionally, prolonged and 
slow leakage may produce a massive organ- 
ized Bbrotic mass simulating a retroperilon&d 
tumor (Betts and Rowland, 1953). Distal ea> 
bolization from the contents of a tlirombosed 
aneur>'sm is rare (\Mieelock and Shaw, 1936)» 
presumably because die most recent clot lies 
ad/acent to the wall and not ad/acent to tJje 
rapidly Sowing axial stream. 

From the viewpoint of prospective surgical io- 
tervenlion, an atherosclerobc aorb'c aneurj’SiO 
signifies the presence of generalized atlieroscle- 
rosis; however, there is no uniformity in the 
severity of the atherosclerosis. Of 21 patients 
with abdominal aneuiysm, ^Vheelock and Shaw 
(1956) found Uiat only 8 had cluiical evidence of 
coronary heart disease and only 6, of peripheral 
arterial insulficieno'. Pathologically, among 4-i 
patients Crane (1955) demonstrated recent oc- 
clusive coronary artery disease in 14 and cerebro- 
vascular lesions in 2. The incidence of h>perteri- 
sion (24 of 39 pabents) in his series, does not 
seem more than would be expected among 
middle-aged and old persons. 

Patliology. Atherosclerotic aneurx’sms vary' 
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from spindle to globular shape. All of them 
communicate widely and freely with the axial 
stream and, by definition, are fusiform aneu- 
rysms. However, there is an erroneous tend- 
ency to classify globular lesions as saccular 
(Cranley et al, 1954). As indicated else- 
where, these aneurysms arise because of the 
effects of severe intimal atherosclerosis upon 
the ad}acent media. Attenuation and destruc- 
tion of this layer with replacement by fibrous 
tissue results in loss of the property of elastic 
recoil. Under the impact of the pulse, the 
vessel dilates and the weak and deficient wall 
of the expanded channel is subjected to in- 
creased tension in accordance with the prin- 
ciple of Laplace (DeTakats and Pirani, 1954). 
As the rate of flow diminishes with dilata- 
tion, the lateral hydrostatic pressure increases. 
Mural thrombosis takes place in the great 
majority of abdominal aneurysms (Blakc- 
more, 1947). The pulsation of the inelastic 
wall of the sac leads to detachment of the 
thrombus and a new clot forms beneath tlie 
old. Repetition of the process results in a 
laminated thrombus with the newest accre- 
tion at the periphery, but this does not be- 
come organized because the clot does not ad- 
here. Generally, a channel persists tliroxigh 
or to one side of the thrombus, complete 
thrombotic occlusion is unusual with aortic 
aneurysms although it is not uncommon in 
aneurysms of tlie peripheral arteries. As men- 
tioned, the tlirombus and tlie fibrosis of the 
wall of the sac serve to delay but not to pre- 
vent expansion or rupture of t]je aneurysm. 
Surgical duplication of tliese natural meas- 
ures by wiring and electrocoagulation 
(Blakemore, 1951), or by wrapping or re- 
inforcement have been largely superseded by 
excision and insertion of homografts or plastic 
prostheses (DeBakey and Cooley, 1953; 
Farrar ef al., 1956; Roberts ct at, 1957). 

Dissecting Aneurysms 
In dissecting aneurysms, in contrast to other 
forms, deformity of the vessel results from 
hemorrhage which splits tlie media and ex- 
tends for a variable distance along the length 
of tile channel. Tliis lesion is largely restricted 
to tlie aorta, tliough it has been reported as 


a rare event in coronary (Glendy et at, 1937), 
cerebral (Bigelow, 1955), superior mesenteric 
(Bauersfeld, 1947), and renal arteries (Gore, 
1953). 

Historically the first unmistakable description 
was Nicholls* (1761) account of an “incipient” 
unruptured aneurysm in King Geoige II (Shen- 
nan, 1934; Burchell, 1955). Shekelton (1822) 
gave an account of the chronic fonn of die disease 
with rechannelization, but tlie designation dissect~ 
mg aneurysm was first intioduced in 1826 by 
Laetincc. ElUotson’s (1830) presentabon in 1829 
would do credit to a present-day text, and by 1863 



Figure XIV-17. Vciilr.il liew of heart ami aorta %Wth 
rupture of s>philitic a(K-ur>sii> of tramverse {xirtion 
of atcli. From patient ^houti in Figures XlV-15 and 

.\iv.ie. 
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Figure XIV-18 S>'phibtic aneur>’sm of transverse portion of arch of aorta, 
showing Innunation of blood clot in aneur>'sn)al sac. From a man of 49. 
(WCCH, 36 A 38 ) 


Peacock was able to marshal SO cases for review. 

Clinical Features. The most dramatic of tlie 
aneurj’sms m onset, progression and varied maiu- 
festations, it is being diagnosed with increasing 
frequency (Bauersfeld, 1947; David et at , 1947. 
Baer and Coldburgh, 1948; Warren and Mc- 
Quovvn, 1948; Levinson et at., 1950; Core and 
Seivvert, 1952, Baer, 1956, Hirst et at., 1956). 
Like atherosclerotic aneurysms, it comprises a 
growing proportion of all aortic aneurysms, hav- 
ing an incidence estimated at 12 to 25 per cent 
(Maniglia and Gregory, 1952; Cranley et at., 
1954; Parkhurst and Decker, 1955; Brindley and 
Stembridge, 1956). No age group is exempt, 
but three fourths of tlie patients m more than 500 
c'ollected cases (Hirst et at., 1956) ranged in age 
from 40 to 70 years (Figure XIV-19). Men are 
aHected 2 to 3 times as often as women (Moersch 
and Sa>re, 1950, Baer, 1956). Tliere is no appar- 
ent racial predilection, if variations in the inci- 
dence of li>-pertension are considered (Levinson 
et at; 1950) . 

Symptomatically tlie lesion is characterized by 
sudden onset of intense ripping, sharp or evoking 
pain which resists sedation. The pam may persist 


or subside, but its recurrence is an ominous 
symptom. Most often the pain is substemaJ or 
precordiai but may be located at other sites, in- 
cluding the neck, epigastrium and shoulden. Mi- 
gration or radiation of pain along tlie aorta is a 
highly suggesbve symptom, especially if it occurs 
early in llie course, m contrast to embolism com- 
plicating myocardial infarction. Abdominal pain 
may be associated with nausea, vomiting, hemate- 
mesis and melena; demonstration of tenderness 
and rigidity may then suggest tlie diagnosis. 
Barely, it is possible to demonstrate an abdominal 
mass or ecchymosis (Moersch and Sayre, 1950; 
Burchell, 1955; Hirst et al., 1956). Otlier symp- 
tom-complexes may simulate coronary thrombosis, 
cerebral v'ascular thrombosis or hemorrhage, hy- 
Xiertensive encephalopathy, pulmonary disease or 
transverse myelitis (Moersch and Sayre, 1950; 
Burchell, 1955; Baer, 1956). 

Altliough the majority of victims of dissecting 
aneurysm succumb rather rapidly, lliere is usually 
adequate time for surgical intervention (DeBakey 
et al., 1955 if clinical diagnosis is not delayed- 
Hirst and his associates tabulated Uie survival 
time in 425 cases collected from the literaturB 
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Fjgure XIV-19. Age and sex incidence among 485 pa- 
tients with dissechng aneurysm of aorta, compiled 
from published reports. (Courtesy of Dr A. E. Hirst, 
Jr., Los Angeles. ) 

(Figure XIV-20) and found that 79 per cent of 
patients lived more than 24 hours, 51 per cent 
more than 4 days, and 26 per cent more tlian 2 
weeks. Only 3 per cent of deaths were descnhed 
as sudden. On the other hand, prolonged survival 
is possible and the recorded cases include surviv- 
als of 9 years (Cassidy and Pmniger, 1946), 15 
years (Hall, 1926), and 30 years (Morgan-Jones 
and Langley, 1946); m 10 of 300 cases collected 
by Shennan (1934) the patient survived for more 
than one year. 

External rupture of the aneurysm with 
hemorrhage is the cause of deatii in 93 per 
cent of those v/ho do not survive for mote 
than a few days (Shennan, 1934). Among 
206 acute cases reviewed by Shennan, hemor- 
rhage took place into the pericardial cavity 
in 152, into the pleural cavity in 30, into the 
mediastinal in 7 and into the lung in one. 
Tile importance of a tear of re-entry has been 
stressed in reducing the incidence of external 
rupture to 42 per cent (39 of 92 cases) (Shen- 
nan, 1934; DeBakey' cf al., 1955), and in im- 
proving the chances of prolonged survival- 
(See Table XlV-7 prepared by Morgan-Jones 
and Langley (1946) from Shennan’s data.) 

Cardiac failure (Shennan, 1934; DeBakey 
et of., 1955) and hemorrhage from tlic aneu- 
rysm arc the most frequent causes of death 
in chronic dissecting aneurysm, the former 
ocairring in 31 and the latter in 16 of 79 
cases. Fatal hemorrliago in chronic lesions 


results eidier from rupture of the original le- 
sion or from additional or even multiple inde- 
pendent episodes of dissection (Gore and 
Seiwert, 1952; Bellomy, 1956; Prior et ol, 
1957). 

Gross Pathology, hlost commonly an in- 
Hmal tear in the ascending portion or arch 
of the aorhi communicates with and contrib- 
utes to a hemorrhage which has split the 
media into a thick inner and a thin outer 
portion. 

The longitudinal extent of cleavage is vari- 
able. In so-called "spontaneous” rupture 
there is no appreciable linear dissection but 
in other respects it cannot be distinguished 
from more classical examples of dissecting 
aneurysm (Sailer, 1942; Gore and Seiwert, 
1952). Externally, the intramural process de- 
forms the aorta to a variable extent and pro- 
duces either saccular or fusiform bulging. 
Frequently the false channel may bulge in- 
ternally and encroach upon the natural one 
(Figure XIV-21). Once dissection has 
started, it usually extends distally, but some 
degree of retrograde dissection is common, 
particularly will) prolonged survival (Shen- 
nan, 1934; Gore and Seiwert, 1952). As indi- 
cated in Table XIV-9, almost one-half of the 
dissections are limited to tlie ascending aorta 
and some segment of the aortic arch and 40 
per cent extend to involve the thoracic or 
abdominal aorta. In 16 per cent the aneu- 
rysm takes origin in the transverse or distal 
aortic arch and frequently involves the ab- 
dominal aorta. Tlie vessels of the lower c.v- 
tremilies were involved in 19 of 85 cases. 
Comparable figures iiave been reported in 
other series (McGeachy and Paullin, 1937; 
Baiiersfeld, 1947; Burchell, 1955). 

Altliough more than half of tlio dissections 
involve the abdominal aorta, it is noteworthy 

TABLE .\IV-7 

Elfcct of Tear of Re-entry of Period on Sur\iva] 
m 29l Dissecting Aneur>sms 

Sumsaljor Surctsal for 
Numicr oj Less TAjn More Than 
Cases s S ^f'<eis 

No re-entry- 199 192 {90%) 7 (45'i) 

Re-entiy 92 26 (2SQ) 66 
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OUAATiOM or SUHVIVAI. 


Figure XIV-JO. Lcngtli of m -123 patients uitli dii^xUng jneur}'>m of aorta, com- 

piled from published reporli. (Cour(cs> of Dr. A. E. Hirst, Jr., Los Angeles.) 


that of tliose that terminate with fatal hemor- 
rhage (67 of 69) tlie great majority are intra- 
thoracic (Figures X1V.22 and XIV-23). As al- 
ready mentioned tlieso in\ohe the pericar- 
dium most frequently, the mediastinum or tlie 
pleural cavity. Rupture and external hemor- 
rhage did not occur in 16 of the 85 cases re- 
viewed; since only 4 of tlicse patients died 
in less than 2 ueeks, these patients fall in the 
group tliat might be benefited b>' surgery'- 
This is also tire group in uhicli spontaneous 
internal rupture and recliannelization are 
likely to occur; 4 such cases with prolonged 
survival were encountered among the 85 re- 
viewed. As previously mentioned, even with 

TABLE XJV-8 

.AnatomicSitB of Intimat Tear in 85 Cases 
of Dissecting Aortic Aneort sm 
(Gore anti Seiwcrt, 1952) 

Cauj 


Location Xumier Pfr Cat! 

.Ascending aorta 53 63 

Transverse aortic arch 15 18 

Distal aortic arch 8 10 

Thoracic aorta 6 7 

Abdominal aorta (mcludmg one 

case affecting renal artery) 2 2 

Totals 84* 100 


•Two tears were present in each of 5 cases; in 6 cases 
there was no iniimal defect. 


old rcchannclizcd dissecting aneur>’sms, ter- 
mination from liemorrhagc is frequent, as 
occurred in 7 of 11 p.itients (Core and Sei- 
vvert, 1952). A dissection within an aorta 
demonstrates the presence of disease and it 
is not at all astonishing tliat survivors of oue 
episode should suffer one or more recurrences, 
terminating usually witli a fatal episode of 
intramural hemorrhage. Tears of re-entry are 
important in re-establishing circulation and 
allowing decompression of die false cJianneJ. 
However, in this regard, inadequate emphasis 

TABLE XIV-9 

Lociiion and Extent of Intramural DIs&ecdon 
in 85 Dissecting .Aneur) sms 

Cases 

Lotalieu and Extension Xumier Per Cent 

Ascending aorta 10 12 

Only 10 12 

.And transi^ise aorta 16 19 

And distal arch of aorta 4 5 

.And thoracic aorta 4 5 

And abdominal aorta 30 35 

Transverse aorta, distal arch, 

thoracic and abdominal aorta 8 9 

Distal aortic arch and thoracic aorta 2 2 

And abdominal aorta 4 5 

Tboracic aorta 

Only 1 1 

And abdominal aorta 4 3 

Abdominal aorta 2 2 

Totals 85 too 
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has been given to the similar effect of intra- 
mural splitting of subsidiary arteries by the 
dissecting process. Depending upon the pres- 
siue relations, the natural ostia of such inter- 
cepted vessels permit return of blood to the 
normal lumen and prevent the build-up of a 
significant differential of pressure. Moreover, 
the distal openings, now coming off the false 
channel, decompress it by providing the cir- 
culation to the involved arteries. Moerscb and 
Sayre (1950) have indicated that transient 
cord symptoms may be explained by com- 
pression and attenuation of intercepted seg- 
mental charmels before they are severed 
within the wall of the aorta. Tlie same process 
affecting the renal arteries may well con- 
tnbute to the very high blood pressure often 
observed during the acute illness (Burchell, 
1955). 

Much emphasis has been placed upon 
transverse orientation of tlie primary intimal 
laceration as a clue to the mechanical factors 
involved in the genesis of dissecting aneu- 
rysms. However, there are frequent excep- 
tions (Burchell, 1955); particularly among 
victims in tlie younger age groups (Gore. 
1953). Accordingly, it seems reasonable to 
infer that mechanical influences are subordi- 
nate to, and only assume significance in the 
face of, more fundamental changes within 
the vessel wall. In chronic forms of dissecting 
aneurysms, the intimal opening is round or 
ovoid and the edges are smooth and endo- 
thelialized. With time, the lining of the false 
channel also becomes endothelialized and has 
been found to be subject to atherom.ifoiis de- 
posits and plaques (Weiss et at, 1940, Cas- 
sidy and Pinniger, 1946). 

Two variants of dissecting aneurysm merit 
consideration out of proportion to their fre- 
quency. Since the descriptions of Knihenberg 
(1920) and Tyson (1931), a number of cases 
of dissecting aneurysm have been rejwrted 
without intimal tears (Figure XlV-24). In 
the study of S5 cases (Gore and Seiwert, 
1932) tabulated abo\e, there were 0 such in- 
stances and 17 others were listed from tlie 
literature. Additional examples have since 
been recorded (Levinson ct at, 1930; Jackson 
and Slavin, 1953; Hirst and Barbour, 1958), 


and a more complete survey (Hirst ct at, 
1956) suggests a frequency of about 10 per 
cent Its importance lies in demonstrating 
that the usual intimal tear is, in all likelihood, 
a secondary event in the genesis of aortic dis- 
section. Hirst and Barbour (1958) have de- 
scribed healing of an intramural dissection. 
Tlie second even less frequent variant, ill- 
complete rupture of the aorta, originally 
described (as a healed rupture) by EppiUger 
in 1887, has since been more fully docu- 
mented (Peery, 1942, Fisher and Salmons, 
1950). Characteristically the lesion, a non- 
penetrating rent in the intima and media, lies 
in the supravalvular segment of tlie ascend- 
ing aorta and is usually transversely oriented. 
A few tenuous strands sometimes bridge the 
gap between the edges of the torn intima. 
With survival, there is endothelialization of 
the base of the tear and reactive fibrosis of 
the subjacent adventitia. However, survival 
Is limited by tlie propensity to dissection and 
rupture info the pericardium, as well as by 



figure XlV-21. Traim-ction of .lorta showing i»ar- 
lowing of liiimn cai><><xl hy a large liLinaluma spliltiog 
outer lavrrs of the inctha. Tlie atfitroNcIirotic iiilimal 
disoa«;c is comcitknlal. 
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Figiiie X[V-22. Unrupturcd cliroiuc directing aneurysm of 
aorla. Tiie probe extends from an opening in tlic m^ia of 
the tiansversc portion of the arch into Utc false channel. A 
large tliroiiibus occupies a saccular dilatation of Uie first por* 
tion of tlus channel. The channel tJien winds posteriorly 
around the aort.i at tlic luocUon of the arch and thoracic 
•.egnients and continues into the abdominal aorta foot 
shown). The false channel is partially cndotluhaliz^. 

(Courtesy of Dr. Robert Ficnberg, Beverly, Mass.) 


the aortic valvular insufRciency which results 
from tlie proximity of tlie lesion to the aortic 
valve. Botli of these variants will be discussed 
in tlie section dealing witli pathogenesis. 

Pathogenesis and Microscopic Pathology. 
Statistically, hypertension is jiresent in llie 
majority of cases of dissecting aneurysm 
(BurcheU, 1955; Hirst et al., 1956) and prin- 
cipally accounts for the left ventricular hyper- 
trophy so frequently found at autopsy. 
Schnitker and Bayer ( 194d ) found evidence 
of hypertension in 80 per cent of the 560 
cases they reviewed, but of the 141 persons 
under the age of 40, only 50 per cent were 
hypertensive. SimiLirly, Gore and Seiweit 
(1952) found the incidence of elevated blood 
pressure significantly less in the younger age 
groups. Accordingly, the influence of blood 
pressure must be secondary (Mote and Carr, 


1912), contrary to assertions (Logue, 1943) 
which unaccountably continue to appear 
(Haljiert and Brown, 1955). 

From the standpoint of transient elevation of 
pressure, neiUier trauma (Weiss, 1935), state of 
activity, nor exertion (B.iuersfeld, 1947; Mc- 
Closkcy and Chu, 1951, Hirst et ai, 1956) ha\c 
been shown to have a consistent relationship to 
the onset of dissection (Cherry and Cherry, 
1941). Physical measurements of the bursting 
tension of the nonnal aorta indicate its ability to 
withstand pressures far in excess of even the most 
severe hypertension (Oppenheim, 1918; Klotz 
and Sunpson, 1932; Moritz, 1932). Moreover, 
Robertson and Smith (1948) have found that 
the force required to produce artificial dissection 
exceeds 600 mm. of mercury. Intramuial hemor- 
rhage and dissection, therefore, can take place 
only in the presence of a seriously weakened 
v^sel, a conclusion reached by Elliolson more 
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than 100 years ago (1830). Earlier students 
(Laennec, 1826; MacCallum, 1909) had re- 
garded intimal disease as the basic weakening 
process. While it is true tliat atherosclerosis 
accompanying dissecting aneurysm is frequent 
and severe, especially among older persons, no 
consistent relationship exists between the site 
of the intimal laceration and the alheroscleiotic 
plaques. Numerically, coincidence of a plaque 
and an intimal tear occurred in 2 of 85 cases 
(Goie and Sehvert, 1952) and in 6 of 218 re- 
viewed by Shennan (1934). Furthermore, m 
young persons, there may be only an insignificant 
degree of intimal disease (Gore, 1953). 

It is noteworthy that atherosclerosis is least 
severe in the proxiinaJ portion of the aorta, 
the very location in which dissecting aneu- 
rysms are most frequent. 

On the other hand, structural clianges do 
occur in the media which fully account for 
the weakening of the vessel wall In dissect- 
ing aneurysm. Occasionally, the prosector 
may observe that mere manipulation of the 
aorta produces cleavage of the media. Rollino 
(1939a) commented upon the linear intimal 
wrinkling which may occur over foci of 
medial degeneration just as it does in syph- 
ilitic aortitis. Recognition of medial involve- 
ment in dissecting aneurysm dates from Pen- 
nock (1839), Henderson (1843) and Roki- 
tansky (1852). Histologically, degenerative 
oharjges in the media a(Fect either the eJast/c 
or tile muscle lamina, or both. Recognizing 
tlait tile dissecting hemorrhage may have de- 
stroyed and exploited the areas of major struc- 
tural weakness, it is still possible to find 
histologic evidence of preceding medial dis- 
ease in virtually all cases. In each of 72 aortas 
examined microscopically a focal degenerative 
process was observed at multiple sites in tlic 
media (Gore and Seiwert, 1952). While sucli 
lesions were usually most severe in tlie region 
of the primary intimal tear in the arch of the 
aorta, they were also widely scattered tlirough- 
out the length of the aorta and even in some 
of its branches. 

Gsell (1928) was impressed by Uie regular oc- 
currence of foc.ll necrosis of muscle, traversed 
by the unaffected but condensed clastic laminae. 
Though he had also noted accumulations of inter- 


cellular mucoid material, this feature was not 
predominant as it was in Erdheim’s (1929, 1930) 
material. The latter described degenerative 
changes resulting in large gaps and defects in 
the elastic laminae, filled with mucoid material. 
Cellina (1931) related focal necrosis of muscle 
in the media to senescence, having demonstrated 
it in 9 of 10 aortas from persons over 72 years 
of age with minimal atheroscleiosis. 

Gore and Seiwert (1952) found tliat the de- 
generative process in the media in 72 cases could 
be divided into three groups: one primarily in- 



Flgurc XIV'23. Chronic dissettinu aneu- 
rysm of aorta. I’hotoiiiicrogrjph of a 
transection of tlic tiiuradc portion of the 
aorta shown m Figure XIV.21. The 
stained clastic tissue identifies the aorta 
which 1 $ partially eiivilopcd by Uie 
false clunncl anicriotly (left portion of 
figure} and laterally. At tlie right, a 
split ill the clastica indicates where 
tleavage hod octuned. Note that inti- 
iiial scliroMs imohes (he posterior wall 
of the aorta ( right portion of aorta ) and 
is virtually absent anteriorly. 
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Figure XlV-24 Acute dUsetUng ancut>i.m of aorta, nidiout intijiul tear. 


volving the clastic laminae (16 cases), a second 
m which the muscular laminae bore the bnml of 
the damage (36 cases), and a llurd group of 20 
coses in which both types of medial tissue were 
affected. Degeneration of elastic tissue proved 
to be predommant among the >’ounger persons 
m tlie series, whereas llie muscular defect was 
much more frequent among the older patients, as 
Cellina (1931) had established Milder degrees 
of these structural changes are often observed in 
routine autopsy material (Rottino, 1939b. 1940), 
and IS the basis for the belief that dissecting aneu- 
rysm is an exceptional complication of a fauly 
common process. The alterations api>ear to be 
slightly more frequent and severe in hyperten- 
sion (Rottino, 1939b, 1940) and show a predilec- 
tion for the ascending aorta and arch. Ashworth 
and Haynes (1948) described musculo-elasUc 
medial degeneration m 23 of 40 persons with 
hypertension. However, their conclusion that the 
accompanying inflammatory and reacbve features 
distinguish tlie hypertensive lesion from the proc- 
ess associated with dissecting aneurysm may be 
questioned. Ischemic degeneration may follow 
cleavage of tlie media and interruption of the 
vasa vasonun; sucli alterations are to be distin- 
guished from tlie basic medial lesion underlying 
dissecting aneurysm. 

Medial Degeneration Affecting the Elastic 
Tissue. Tliis lesion is characterized by focal 


loss of daslica, varying in c\tcnl from short 
segments of a few J.iminae to large “get;* 
graphic" areas of llie aortic media (Figure 
XlV-26). Frequently there is an associated 
increase of mucoid or clu’omalruplifc ma- 
terial which in lesser amounts constitutes the 
normal ground substance (Bunting and Bunt- 
ing, 1953; DeTakats and Pirani, 1954). Erd- 
Iieim (1930) was particularly impressed by 
its accumulation in cysts and cavities with 
evident compression of tlie adjacent lamellae. 
The tension of the aorta forces tlie semifluid 
mucoid material into Uie available structural 
defects and gaps in the media; acciirdingly, 
it is unnecessary' to postulate prim.iry over- 
production of ground substance. Actually the 
quantitative variability or occasional absence 
of this material contrasts witli tlie constancy 
of tissue degeneration and suggests Uut tlie 
latter is the initial morphologic change. As a 
consequence of the loss of elastic tissue, there 
is disalignment and retraction of the muscle 
fibers, an appearance which had been inter- 
preted erroneously (Erdheim, 1930) as evi- 
dence of regeneration. 

^^cdial Degeneration Affecting the Mus- 
cle. The type of degeneration which affects 
the muscle is more frequent, though micro- 




Figvirc .\IV’-25. Low-power mcw, showing mcUul dcgcnerjtioti of Aortic wall. The midiwrtion of the jiieilu 
is relatively pale and contains no nuclei. The muscular laminae Jiave been lo'-t, with resultant condensation 
of clastic haniinae (unstained). (AF1P> photograph N-I04314.} 


Figure XlV-26. Medial degeneration of .lorta. Focal dbintcgratkin and disruption of eUstic lamina tlurac- 
lenzcs the claslie-tissiic t>pc of medial dcgeotratioo. (AFIP, photogr.iph N*l(M29I.) 


Figure XlV-27. Medial degeneration of aorta. Note advancing wedge of intramural hemorrhage (Iowct left). 
Note accumulation of pale-stainiag intercellular material which distinguishes the cleavage plane. (AFIP> 
pbotogra^ >i'l&4274. } 
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scopically less striking than the type that 
affects the elastica (Figure XIV-25). Accord- 
ing to Gsell (1928), the muscle fibers of the 
aortic media normally insert into the clastic 
laminae and ser\’e in an auxiliary fashion to 
prevent overstretching and to facilitate re- 
coil of this tissue; as a result, changes in the 
arrangement of clastic laminae indicate de- 
generation of muscle. The elastic laminae 
lose their normally sinuous pattern; the fibers 
are more closely approximated because of the 
absence of intervening muscle and appear 
stretched and attenuated. Tlie degencratix-e 
process is quite slow, leaving as inconstant 
vestiges of cellular disintegration, only tiny 
droplets of fat or a few granular deposits of 
calcium. Although the chromatropic or mu- 
coid ground-substance may be increased, it 
does not accumulate in cysts as is often tnie 
with degeneration predominantly affecting 
the clastic tissue. 

Where both forms of degeneration occur 
in the same aorta, individual foci may still 
show predominant loss of one or the other 
tissue. 

Reactive Changes. With cither form of 
medial damage, reactive tissue changes occur. 
Gsell (1928) noted that the “mucinous" ma- 
terial contained sparsely distributed stellate 
cells, and suggested that the material was 
reactive. The fibrous nature of the repair ob- 
served in older foci of medial degeneration 
supports liis viewpoint. Tlie reaction is en- 
tirely nonspecific, since various stimuli ini- 
tatix’e to arteries produce an increase of 
“basophilic ground substance” (Gore, 1952). 
The other comijonents of the reparative re- 
sponse include vascularization of the media, 
relatively sparse perivascular infiltration of 
inflammatory cells, and adventitial fibrosis. 
These are features which are also common to 
syphilitic aortitis; but xxitli syphilis, in ad- 
dition to gummatous necrosis, inflammatory 
features are more marked, the vasa become 
virtually sealed by endarteritis, and fibrosis 
effectively knits the medial defect. It is note- 
wortliy that syphilis does not predispose to 
dissecting aneurysms. By tlie same token, 
sypliilitic infection does not prevent the co- 


incidental occurrence of oilier forms of vascu- 
lar disease. 

Tlie bland nature of the reparative reac- 
tion in idiopathic medial degeneration, re- 
vealed by contrasting it with syphilitic 
aortitis, is the key to the pathogenesis of 
dissecting aneur} sin. Tlie new-fomieil vasa are 
thin-wallcd, lie essentially unsupported in a 
weakened focus in the media, app;irently vul- 
nerable to rupture. The indirect pathway to 
Uie nutrient vessels delays the arrival of tlie 
pulse wave until that in the main channel 
has already passed. M'ere it not for this asyn- 
chrony, vasa vasortim arising from the ad- 
ventitia could not function, let alone bleed, 
against the tension of the arterial wall. Nu- 
merous reports, dating from Sclicde (1908), 
Moriani (1910) and Babes and Mironescu 
(1910), have indicated that intramcdfal hem- 
orrhage (Figure XIV-27) does indeed occur 
from such vasa and can be the only tenable 
explanation for dissecting aneurysms without 
intimal tc.)r$. There is no histologic basis fur 
segregating those with intimal lacerations, 
and these too must be regarded as originat- 
ing intramurally. It seems likely that hyper- 
tension enhances the possibility of nipture of 
thin-u’allcd, poor!)' supported vasa. Altliough 
hyqiertcnsion is not essential for the de\cloi>- 
ment of dissecting aneurysm, its presence in- 
creases the possibility of medial degeneration 
and, in tlie later circumstance, augments the 
tendency to intramural hemorrhage (Rottino, 
1939b; Ashworth and Haymes, 19-48). 

Clinically, dissecting aneurysm is a frequent 
mode of deatli in coarctation of the aorta (Ab- 
bott, 1928; Reifenstein et al., 1947; Gross, 1953). 
Several examples of this anomaly, bicuspid aortic 
valve, and other congem’tal vascular defects, were 
noted in a scries of 32 dissecting aneuiysins in 
persons less than 40 >ears old (Core, 1953). 
Blackford (1928) made the pertinent observation 
that aortic rupture may occur even with slight 
degree of stenosis. The implication is that there 
is a congenital structural defidency of the vessel 
wall which is more significant than the meclianical 
obstruction. Heath and assodates (1958) be- 
beve that the hemodjuamic stresses distal to .a 
stenosed aortic valve (as desenbed by Holman, 
1954} contribute to medial degeneration, dilata- 
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tion, and dissecting aneurysms in the proximal 
aorta (McKusick et al., 1957). Severe medial 
elastic tissue defects associated with aneurysmal 
dilatation have been descnbed by Wolff (1932) 
m a 12-day-old infant and by Holle (1947) m a 
3-montli-old infant. Similar instances have been 
encountered in childhood and youtli. Accord- 
ingly, delay in tlie onset of recognizable signs and 
symptoms does not rule out congenital influences. 
One can only speculate about the nature of a 
defect which may appear in the neonatal period 
or not until many years later. It is not possible 
to rule out a destructive process as the cause of 
gaps and breaks in the elastic and muscle laminae. 
However, the paucity of products of destruction 
and the predilection of the lesions for the prox- 
imal aorta suggest, alternatively, tliat they might 
arise from impairment of the metabolic mecha- 
nism responsible for the integrity of tissues sub- 
ject to continuous stress. Although it lias no 
apparent relation to human disease (Bean and 
Ponseti, 1955), tliere is an analogy m the pro- 
duction of lesions in the aortic arch of rapidly 
growing weanling rats fed with sweet pea meal 
(Bachhuber and Lalich, 1955) wliilc no such 
lesion forms when this agent is fed to full grown 
rats that metabolically are less active. By con- 
trast, tlie destructive effect of diphtheria toxin 
(Duff, 1932) was much more prompt and bore no 
evident relation to the age and rate of growth of 
the animal. Further investigation is ivarranted of 
Beaven and Murphy’s (1956) observation that 
hypertensive patients tieated widi methonium 
had an unusually high incidence of dissecting 
aneurysms <9 avnous 44 patseuts) . 

Clinical reports suggest that there may be a 
relationship between pregnancy and dissecting 
aneurysm. In Schnitker and Bayer’s (1944) re- 
view, 24 of the 49 women under the age of 40 
>ears were pregnant. However, Kinney and asso- 
ciates (1945) found that pregnancy did not in- 
crease the likelihood of aortic rupture in coarcta- 
tion since this happened m only 3 of 39 reported 
cases. 

Rare causes of dissecting aneurysm in- 
clude mycotic infections (Lippincott, 1940; 
Barlol ct al, 1943; Williams, 1952) and 
granulomatous aortitis (McMillan, 1950; 
Brody and Knisnoff, 1956). Koiintz and 
Heinpelmann (1940) thought that myxedema 
was the cause of medial degeneration in 3 
patients; how'ever, lack of confirmation would 
indicate tlieir findings to be coincidental 


(Burchell, 1955). Gaylis and Laws (1956) 
warned tliat aortic dissection may complicate 
aortograpliy when contrast media is injected 
mto the vessel wall. 

Mention has been made of the greater fre- 
quency of medial lesions in the proximal seg- 
ment of the aorta as the basis for the dis- 
proportionate number of intimal tears that 
occur there. However, within that area there 
are two points of particular stress where in- 
timal tears are most prone to occur: the as- 
cending aorta as it crosses the right pulmo- 
nary artery, and the junction of the arch 
with the descending aorta (Shennan, 1934). 
In the first location, systole forces the aortic 
wall, which may be turgid and brittle from 
intramural hemorrhage, against the relatively 
unyielding right pulmonary artery. At the 
second site, the systolic impulse results in 
additional stress at the transition from a rela- 
tively mobile arch to the fixed descending 
aorta. 

Traumatic Aneurysms 

Traumatic lesions of tlie aorta result from 
sudden forceful compression of the thorajc or 
from rapid linear deceleration such as may 
be experienced in falls from a height, of in 
motor vehicle or aeroplane crashes. Accord- 
ingly, it is in large part a "disease” of modern 
civilization. Among 7000 medicolegal au- 
topsies, Strasssnan (1947) found 72 tcanmatic 
ruptures of the aorta. Eleven had multiple 
tears; of the 61 with solitary tears all but 3 
were in the thoracic aorta and 38 were just 
distal to the insertion of the obliterated duc- 
tus arteriosus. A second vulnerable site \v.rs 
the first portion of the ascending aorta. Rice 
and Wittstruck (1951) have pointed out that 
in linear deceleration of tlie thorax, the cen- 
tral portion of the descending aorta, being 
the least rigidly bound, is snapped forward 
by the momentum of the body and the mass 
of the aortas content of blood. Because tlicre 
is more rapid deceleration of the pro.ximal 
aorta whicli is fixed by the great vessels of 
tlie arch and the ligamentum arteriosuni, 
great strain is exerted at its junction with the 
mobile descending segment. Similarly, the 
difference in fixation and mobility of the 
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heart and the first portion of the ascending 
aorta may accxmnt for the \Talnerability 
of the latter site. The bursting pressure 
of the normal aorta exceeds 1000 mm. of mer- 
cury (Klotz and Simpson, 1932) and may he 
as great as 3000 min. (Oppenheim. 1918). In 
the absence of structural weakness, then, the 
rupturing force must be great, to avoid its 
dissipation along the vascular cliannel, it must 
also be sudden. 

Complete ruptures arc, of course, promptly 
fatal but incomplete forms occur in which 
there is ample time for application of thera- 
peutic measures. In autopsies of persons who 
have died as a result of severe trauma, it is 
not unusual to observe tears limited to the 
inner aspect of the aorta (Slrassman, 1947, 
Str>’ker, 1948). Such lesions, occurring in 
nonfalal trauma, may heal by fibrosis and 
scarring and represent points of weakening, 
if sufficiently large and deep, stretching and 
herniation of the fibrous scar could result in 
formation of an ancur>'sm. 

Indeed, Hollingswortli and associates (1032) 
reported 4 examples of saccular ancur>sin of the 
aortic arch following severe chest trauma, all in 
>oung males who were followed for periods of a 
few monllis to 7 years. Steinberg (1957) oh- 
served 5 cases for periods ranging from 2 to 27 
>ears. He noted that the sole falabt>' foUovved 
operative intervention for an aneurism winch had 
been asymptomatic for 5 years. In Stryker s 
(1948) case, an 18-year-old girl died 5 months 
following trauma with an infected aneurysm )ust 
above the aortic valve. Less frequently, as m 
the case reported by Leonard (1943). the aneu- 
rysm may be dissecting in type. 

Clinical recognition of the condition re- 
quires a history of severe trauma involving 
die diorax, and radiologic evidence of widen- 
ing of the superior mediastinum in the vi- 
cinity of die aortic arch. Holmes and Nettcr- 
ville (1956) stressed die significance of 
fractures of the first rib as evidence of chest 
trauma severe enough to cause serious in- 
jury to the mediastinal soft parts, including 
the aortic arch. 

Arieriovenous Aneurysms 

Arteriovenous Aneurysms, the result of ab- 


normal communication between artery and 
vein, is a rare lesion predominantly affecting 
the vesseks of the extremities, bead or neck. 
Trauma is the most important etiologic fac- 
tor, hut at times infection or developmental 
anomaly may he responsible (flohnan, 1937). 
Tlie aneurysm is produced by enlargement 
of die arteries and veins proximal to the com- 
munication. Cliangcs in pressure result in 
stnictiiral alterations aptly described as “ve- 
nafication” of artery and "arterialization” of 
vein (Holman, 1937). Of greater signifi- 
cance. liowevcr, but varying with the size of 
the fistula, are the changes compensating for 
the diTonic “bleeding into the venous sys- 
tem," increased blood volume, and cardiac 
dilatation with hypertrophy. As a lesion in- 
volving the aorta, the condition is vanishingly 
rare. Three instances in the thorat, cited by 
Holman, are essendally' late complications of 
aneurysms of tlic ascending aorta. Similarly 
his account of a mycotic iincur>*sm of the 
abdominal aorta suggests that its communi- 
cation with the vena cava occurred late in 
its course. 

Congenital Aneurysms 

Lesions based upon faulty or anomalous 
development are described in Chapter VI, 
Sections G and H. Some of them deserve spe- 
cial emphasis, however, since they may not 
become manifest until well into adult life. 
With reference to the aorta specifically, aneu- 
rysms of the aortic sinus are often congenital; 
aneurysms related to coarctation are not in- 
frequent; and araclmodactyly (M-ufans syn- 
drome), a general disturbance of grovvtli 
which includes hypoplasia of the aorta, is 
associated with an unusually high proportion 
of aneurysmal deformib'es. 

Acquired aneurysms limited to tlie aortic 
sinuses are somewhat less frequent than the 
rare congenital ones. Of the 22 collected by 
Jones and Langley (1949), 17 were syphilitic, 

4 were mycotic secondary’ to bacterial endo- 
carditis, and one resulted from a dissecting 
aneury’sm. Acquired lesions may arise from 
any of die sinuses and are usually larger than 
congrautal lesions; they may arise cephali- 
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cally from the heart and tend to rupture extra- 
cardially (Merten et al., 1956). 

Tlie “adult type” of coarctaiion of the 
aorta is particularly vulnerable to aortic rup- 
ture or dissection (Abbott, 1928, Shennan, 
1934; Reifenstein ct al., 1947; Halonen and 
Aho, 1949, Gore, 1953; Gross, 1953). In 24 
of the 104 cases reviewed by Reifenstein and 
associates (1947) the patient died as a result 
of the catastrophe. The tear lay proximal to 
the coarctation in 19 patients and distal in 
5 Most commonly, the segment involved was 
dilated and unusually thin. Indeed a num- 
ber of cases of aneurysm, some recognized 
during life, have been reported and illus- 
trated wth this anomaly as well as with tlie 
frequently associated bicuspid deformity of 
the aortic valve (Gore, 1953). The basic 
morphologic alteration is a depletion or de- 
struction of the elastic lamina of the media, 
often accompanied by cystic accumulations 
of mucoid material. Hypertension, which is 
virtually always present proximal to the ste- 
nosis, is undoubtedly a contributory factor; 
but since ruptures and aneurysms (Moragues 
et al, 1942; Zaslow and Krasnoff, 1943; Reif- 
enstein et al, 1947; Halonen and Aho, 1949; 
Cleland ct al, 1956) occur distal to the nar- 
rowing as well, hypertension cannot be re- 
garded as essential. Other secondary factors 
contributing to the development of post- 
stenotic aneurysms include medial damage 
from pressure of the “jet” intimal lesion (Ed- 
wards et al, 1948) and the hydrodynamic 
principle that a “reduction of the velocity of 
flow througli a cylindric channel is attended 
by an increase in the lateral pressure on the 
vessel wall distal to the constriction” (De 
Takats and Pirani, 1954; Holman, 1954). It 
has been noted tliat the poststenotic "jet in- 
timal lesion” is a locus of predilection for 
bacterial aortitis, not a rare complication of 
coarctation (Reifenstein et al, 1947; Edwards 
ct al, 1948). Indeed, one instance of a cal- 
cified poststenotic aneurysm has been re- 
garded as a healed mycotic aneurj'sm (Reif- 
enstein ct al, 1947). 

Arachnodactyly, a rare familial and con- 
genital disorder characterized by a tall slen- 
der habitus with disproportionately long 


lunbs and elongate thin digits, has been rec- 
ognized as a clinical entity since it was de- 
scribed by Marfan in 1896 (Goyette and Pal- 
mer, 1953; Sloper and Storey, 1953; McKusick, 
1955; Weiss et al, 1956; Wilson, 1957). It af- 
fects both sexes equally; other physical fea- 
tures include a long thin face, dolichocephalic 
head, long pointed ears, protuberant jaw with 
long narrow teeth, a high arched palate, and 
hyperextensible joints. Ocular deformities, 
particularly dislocation of the lens and tremu- 
lous irides, occur in 50 to 75 per cent of indi- 
viduals. As indicated in Table XIV-10, there 
are frequent cardiovascular lesions which 
often involve the aorta; less commonly other 
arteries may be affected (Austin and Schae- 
fer, 1957). Valvular fibromyxomatous thick- 
enings are often observed; and aortic insuffi- 
ciency is common (Hirst and Bailey, 1956). 
Other congenital malformations are fre- 
quently found (Fischl and Rutliberg, 1951; 
Marvel and Genovese, 1951; Goyette and 
Palmer, 1953; Steinberg et al, 1957), and in- 
clude interatrial septal defects, coarctation, 
patent ductus arteriosus, and dilatation of 
aortic sinuses. 

In most cases examined microscopically, 
lJ)e aorta preseiits medial degeneration, ex- 
tensive loss of elastic lamina and accumula- 
tions of metachromatic material in cysts and 
clefts (Marvel and Genovese, 1951; Sloper 
and Storey, 1953). Medial vascularization and 
adventitial fibrosis are seen and presumably 
represent a form of repair. In any event, 
structural weakening accounts for the de- 
velopment of fusiform and dissecting aneu- 
rysms; most of these involve the ascending 
segment and arch of tlje aorta. Loss com- 
monly, the aorta may be hypoplastic with 
diminished circumference and structurally 
thin media (Whitfield ct al, 1951). 

Mycotic Aneurysms 

Mycotic Aneurysms of the aorta, the rc- 
T.4BLE XIV-IO 

Cardiovascular Lesions in 34 Cases of ArachnOiiacJ>ly 
(Go)elte and Palmer, 1953) 

Aortic Ixsions 22 Valvular Lesions 27 

Dis&cctin^t aneiir}sm 12 Mitral valve 15 

Fusiform aneurj sm 7 .Aortic valve 10 

OilateJ aortic nng 3 Tricuspid valte 2 
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suit of bacterial (or fungal) infection of the 
vessel wall, aro exceedingly rare. Parkhursl 
and Decker (1955) found a record of only 
9 among 22,792 necropsies perfonned during 
the 50-year period, 1902 to 1951, at the Bos- 
ton City Hospital. There \\’erc also 3 in- 
stances of bacterial aortitis, basically the 
identical process, uncomplicated by aneu- 
rysm. Their material also included I-i3 syph- 
ilitic, 92 atherosclerotic, 78 dissecting and 
16 unclassified aneurysms. 

AH 12 cases of bacterial aortitis involved 
the thoracic aorta; 11 were in males, there 
was no particular age of predilection. The 
lesions varied in size from a tiny erosion or 
ulceration with rupture to a 10-cm. sac. Five 
of them were localized in the ascending aorta 
and represented extensions from bacterial in- 
fection of the aortic valve (Bartol cl al, 
1943). In 2 others lire aortic wall was in- 
fected from a contiguous structure (medias- 
tinal abscess and mediastinal tuberculous 
lymphadenitis). These two groups correspond 
with Crane’s (1937) secondary mycotic aneu- 
rysms. The 5 remaining cases were prunary, 
defined as "a lesion developing in die wall 
of an artery which is not associated widi any 
demonstrable intravascular inflammatory fo- 
cus, as bacterial endocarditis, or with any in- 
flammatory process in the surrounding tis- 
sues” (Crane, 1937). Four of the primary 
mycotic lesions were associated with remote 
infections (cellulitis of foot, pneumonia 
twice, and gonococcal arthritis), the source 
of the infection in the fifth case was not dis- 
covered. Some additional aortic diseases. 


sucli as medial degeneration, allierosclerosis, 
sy'philis, or congenital hypoplasia, invariably 
accompanied primary mycotic aortitis. In 2 
cases, medial dissection extended from the 
site of the aortic infection similar to the in- 
stances reported by Lippincolt (19-10), Bar- 
tol and associates (1943) and Williams 
(1952). The route of bacterial infection of 
the aortic wall is obvious when the lesion is 
contiguous with vegetative endocarditis of 
the aortic valve or adjacent to an infected 
structure in the mediastinum. When the 
initial source is more remote, entry into the 
aortic wall by way of the nutrient vasa 
vasonun seems the likely ex'planation (Sten- 
gel and Wolferth. 1923; Rappaport, 1926; 
Owens and Bass, 194-1). Entrapment of par- 
ticulate infective fragments could be ex- 
pected in smaller channels as they ramify 
and become narrowed, whereas surface im- 
plantation w ould seem to be liindcred by tlie 
rapid flow of blood in the aorta. The presence 
of some otJicr pathologic process seems to 
favor the occurrence of this rare complica- 
tion; and in tliis regard it is pertinent to re- 
call tJiat increased vascularization of the 
aorta occurs in s>’philis, atlicroscicrosis and 
medial degeneration. Microscopically, there 
is an exudative inflammatory reaction, often 
suppurative, lending to destruction of the 
media and weakening of the aortic wall. 
Rapidly progressive lesions perforate whereas 
in more indolent ones tlicre is dilatation since 
time permits reinforcement of the weakened 
and dilated vessel by reparative fibrosis. 
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T he n-ery use of the tenri “cardiopulmo- 
nary” implies a realization of the interde- 
pendence of the heart and lungs. An analysis 
of this relationship in its broadest sense will 
be attempted here. This concept is wider than 
tlie usual connotation of “cor pulmonale,” but 
even the latter term lias a vague boundary. 
Thus some observers, such as Coumand and 
Ricliards and their associates, use it to mean 
simply disease of the right side of the heart 
secondary to pulmonary disease (see Feirer 
et al., 1950) whereas others, such as De.\ter 
and bis group ( 1951 ) , include the effects upon 
tile right side of the heart of increased post- 
capillary resistance as occurs in mitral stenosis. 
Evidence is accumulating tliat an elevated 
post-capillaiy resistance may, in time, produce 
anatomic changes in the pulmonary vessels. 


and perhaps even spasm. For llifs reason, tlie 
broader usage appears preferable. 

Any allempt to unravel Uie comple-dlies of 
cardiopulinonar)' disease* is made difficult 
by (lie fact that functional adjustments of 
significant mechanical degree may occur 
either late or early in the disease and >et 
leave few or no recognizable anatomic allcr- 
ations. Tlie upsets of both function and form 
must be studied if even a partial understand- 
ing is to be gained of cardiopulmonary dis- 
ease in the living. 

This presentation will include: (a) a gen- 
eral classificab’on of cardiopulmonary disease; 
(b) a discussion of certain of the interrelated 
functional and anatomic aspects of pulmonary 
arterial hypertension; (c) a consideration of 
these hictors as c.xemplified in certain diseases 
associated with cor pulmonale. 


1. GENER.VL CLASSIFICATION OF CARDIOPULMOiNARY DISEASE 


Wliile some conditions affect the heart and 
lungs simultaneously, far more often disease 

• Out of need, the writer has sought tlie a^ice 
and criticism of fnends and colleagues, «ha iia\e 
given freely of their wisdom and tune. He is es- 
pecially indebted to Professor Alan C. Lendrum of 
Queen's College, Dundee, and to Dr. Allan V. N. 
Goodyer of Yale Univeraly. The errors and deli- 
ciendcs ibal persist are the writer’s own. 


of tlie lung is visited upon the heart, and dis- 
ease of the heart, upon the lungs. If it be 
understood how disability of one of tliese 
organs affects the other, then the vicious cycles 
at work when both organs are simultaneously 
diseased become less difficult to comprehend 
(Table XV-1). Tlie paragraphs lliat follow 
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in this section ate numbered or lettered to 
correspond to the listings in this table: 

TABLE XV-1 

CJassjficadon of CardiopuJrnonary Disease 

I. Pulmonary disease affecting tlie heart, by 
A Diininislied pulmonary vascular cross-section 
B. Inadequate oxygenation of blood 
C Decreased mobility 
D. Vascular shunts 

1. Bronclual arteries to pulmonary arteries 

2. Bronchial veins to pulmonary veins 

3. Puhnonary arteries to pulmonary veins 
II Cardiovascular disease affecting the lungs, by; 

A. Increased resistance to pulmonary \enous out- 

flow 

B Congemtal shunts 

1. Right to left (septal defects, drainage of 
systemic veins into left ainum) 

2 Left to nghl (septal defects, anomalous 
puhnonary venous drainage) 

C Effects of other congenital anomalies 

1. “Systemic ventricle” 

2 Transposition of great lessels 

3 Conditions associated witli dimimsiicd 

blood flow 

III. Condibons affecting the heart and lungs together. 
A Infections 

B. “Collagen diseases” 

C Sarcoidosis 

D. Oi'erexpansion of blood volume 
E Others 

L Pulmonary Disease as It May 
Affect the Heart 

A. The factors that can increase the work 
of the right side of the heart include spasm, 
compression, narrowing, or physical loss of 
the vascular bed of the lung. Relatively slight 
diffuse changes are more likely to be detri- 
mental than focal changes, for the reserve of 
the lung is large. 

B. Inadequate oxygenation of blood in the 
lungs may result from the passage of blood 
through altered pulmonary substance (alveo- 
lar thickening, replacement by scar tissue, or 
filling by exudate or tumor), through poorly 
V’entilated lung tissue (atelectasis, bronchial 
obstruction), or through a normal zone at too 
great a speed. This last takes place if the out- 
put of the right ventricle is made to pass at 
high pressure through too small a portion of 
normal lung (Adams ct al., 1953). Diffusion 
of gases in the lung as related to the circula- 
tion has been well discussed by Lilienlhal and 
Riley (1954). The effects of the anoxia tlius 


induced are damaging to all organs, including 
flie heart. Anoxia may also induce polycy- 
themia and hypervolemia, with their attend- 
ant consequences: increased blood viscosity, 
increased tendency to thrombosis ( with possi- 
bility of embolism), and increased cardiac 
output. Anoxia has been shown experimen- 
tally to result in cardiac enlargement (Bar- 
nard, 1958). 

C. The function of the lung as an “acces- 
sory heart” and the abrogation of this function 
in pulmonary or ijleural disease are discussed 
in Part 2 of this chapter. 


CO 
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Figure XV-2. Effects of rapid distention of the penphcral end of t!ie left pulmoniuy artery 
of a dog by the introduction of 100 ml of saline solution when the left pulmonary \eins 
are occluded. Pressure in the left pulmonarv- artery (PI) was raised from 0 to 142 min. 
Hg. The systemic artenal pressure (Pf) dropped from a mean of 126 mm. Hg to 88 mni. 
Hg. The heart rate deebned from 180 per minute to 90 per minute and the respirations 
were arrested, as seen in the tracing of intrapleural pressure {?0. Tlicse changes liad their 
onset simultaneously 6 seconds after starting tlie inftision. Pressure in the pulmonaiy 
trunk (Pm) fell 2>3 mm. fig. This response to suddenly induced hypertension Is reilex 
in nature since it is prevented by ipsilateral vagotomy. (From Downing, 1057.) 


D, Various t>pes of vascular slumts cao dc* 
velop in chronic pulmonary disease. Precapil- 
lary anastomoses may appear betvveen the 
bronchial and pulinonaiy' arteries with effects 
to be described in Part 2. 

TIic bronchial veins can expand, especially 
in bullous emphysema, to a remarkable de- 
gree (Marcliand et dk, 1950, Liebow, 19o3). 
Normally, these veins form a bridge between 
the pulmonary and azygos venous systems, 
carrying blood from the left to the right side 
(Zuckerkandl, 1881). When, as in empliysema, 
however, there is right-sided cardiac fail- 
ure with increased systemic xenous pressure, 
and the valves become incompetent as the 
vessels increase in diameter by a factor of 2 
or more, it is possible for these bridging ves- 
sels to constitute an exlrapulmonary ri^t-lo- 
left shunt that may contribute to dcsaturalion 
and hypercapnia of the systemic arterial blood. 
Tlie volume of sucli a possible shunt has not 
as yet been accurately measured. 

Precapillary shunts between small pulmo- 
nary arteries and veins arc said to exist in 
the nomul lung (Tobin and Zariquicy, 1950; 
Rahn ct ai, J952), bul functionally important 


congenital arteriovenous shunts are rare 
(Yalcr et oh, 1919; Lindskog et ah, 1950; Gray 
et al, 1952). Unless present in miliary form 
(Hales, 1956), Uiey do not constitute a direct 
burden to the right heart. Complications f>l>- 
ical of tlie poljcvthemia that is associated widi 
the decreased oxygen tension may, however, 
appear. 

It is apparent that the main effect of tlie 
various malfunctions induced by pulmonary 
disease is to increase die work of the right 
side of the heart. Left ventricular hvTCr- 
trophy has also been observed under such cir- 
cumstances ill the absence of systemic hvper- 
tension (Parker, 1940; Scott and Garvin, 1911; 
Sxutn and Handier, 19-16; Spalt and Grayzcl, 
194S). There is good evidence Uiat hyper- 
trophy of the walls of the chambers iKturs 
independently. Tlie explanation of the left- 
sided Ciirdiac hypertrophy has, therefore, l)cen 
sought in tiic increased cardiac output diat 
may l>e observetl in chronic pulmonary’ dis- 
ease. Anodier contributing, or detennining, 
factor may Ihj the development of a collateral 
circulation whicli, as it pursues the circle, lift 
side of the heart — aorta — bronchial arteries — 
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pulmonary capillaries — pulmonary veins — left 
heart, constitutes a burden upon the left ven- 
tricle alone (Figure XV-45). 

II. Cardiovascular Disease Affecting 
the Lungs 

A. An increase in resistance to outflow from 
the pulmonary capillaries may result from car- 
diac disease, such as mitral stenosis, or from 
left heart failure in general. Obstruction to 
pulmonary veins is rarely important as such, 
unless diffuse and subtotal (Edwards and 
Burchell, 1951). This may be acquired, as in 
compression by tumor, or it may be of con- 
genital origin. Complete venous obstruction 
in a lobe or lung produces an abundant col- 
lateral circulation ( Hanlon et al., 1952; Wyatt 
et al., 1953, Hurwitz et al., 1954a, b). Simple 
increase in pulmonary venous pressure seems 
not to be so efficient in this respect. 

Rapid restriction of pulmonary venous out- 
flow will lead to pulmonary edema near the 
point where the capillary pressure becomes 
raised to that of oncotic pressure. This may 
happen, for example, in severe bradycardia 
(G. S. Campbell et al, 1949; Harrison and 
Liebow, 1952). The pulmonary edema occur- 


ring when the left ventricle is failing, is often 
reversible, but may terminate fatally. In 
slmvly developing chronic obstruction, as in 
mitral stenosis, much higher intracapillary 
pressures can be tolerated without accumula- 
tion of fluid in the alveoli, but the lung is 
damaged in other ways (see Part 3 of this 
chapter). Mechanical factors are frequently 
superimposed upon others that contribute to 
the development of edema. Pulmonary edema 
leads to anoxia and its consequences. Pulmo- 
nary arterial hypertension and associated phe- 
nomena accompany the rise in pulmonary ve- 
nous pressure. 

B. Septal defects in the heart may exert 
an influence upon the lungs, depending on 
direction of the shunt. Right-to-left shunts 
lead to decreased systemic oxygen tension, 
polycythemia, and other consequences. When 
the shunt is predominantly from left to right, 
pulmonary blood flow is increased, with con- 
sequences to be discussed. The effects of 
anomalous venous drainage from the lungs 
into the right atrium or its tributaries are 
similar. Whether increased flow as such, with- 
out increased pressure, can damage vessels is 
still under consideration. 











LUlMX 
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Figure XV-3. Effects of fat embolism in the dog. Segments of jircssurc recording (retouclicd 
for pJiologrjpIwc contrait) shonrng the effects of die injection of 1.5 ml. of fat jier Kg. of 
body weight. The uppermost tr.icing is of intrapleural pressure, sniall dcflc-clions were pro- 
duced by cardiac action, large ones by respiration. The middle tracing is of femoral artenal 
(FA) pressure. The lowest represents tlie pressure in the pulinonar>’ trunk (PA). Early 
nsc of PA pressure is shown during injection, witli a sliglit downward trend in die FA. There 
were apnea, bradjeardia, systemic hypotension and persistent pulmonary hypertension at IS 
seconds. Gradual rc-cstabhshment of PA and FA pressures oc-curre«l over tlic next 5 minutes 
and respirations returned. (From llalasz and Marasco, 1957.) 
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Fitsure XV-4 (<?/()• l:.\tTemG diluUtion of pulnioiury anenJ trunK prusnnal lu &(eni>Ms prodiiifd experi- 
mentally in a puppy within 48 hours of birth. 20 weeks presioasly. The pressure in llie trunk was 
160/85 mm. Hg (117 mm. Hg mean ). ( From Uebow et al„ 1950a. ) 

Figure XV-5 (right). Same animal as m Figure XV-4 at post-mortem. The diameter of the pulmonary 
arterial trunk is 2 tmies as great and its wall is thicker liian that of the aort.t at the same level. 


C. Pulmonary hypertension will also occur 
when tlie pulmonary trunk is subjected to the 
same pressure as the systemic aorta — as in 
truncus arteriosus or in common ventricle; 
when tlie pulmonary tnink is made to carry 
blood to the systemic arteries, as m aortic 
atresia, and in some types of coarctation of 
the aorta, and in instances of transposition of 
'the great vessels (J. A. Campbell et at., 1949) 
where pulmonary arterial pressure actually e.v 
ceeds the systemic arterial pressure. 

When the pressure in the pulmonary ar- 
teries is diminished, bronchial collateral cir- 
culation is stimulated. Low pressure, espe- 
cially when there is also polycytliemia as in 
tetralogy of Fallot, is often associated with 
thrombosis of pulmonary arterioles (Hales 
and Liebow, 1948; Rich, 1948). 

III. Conditions Affecting Heart and 
Lungs Together 

Relatively little further discussion need be 
given to conditions that affect the heart and 
lungs togetlier, since the principles governing 
the influence of one organ upon the other are 
no different than those considered in the two 
preceding sections. 


A. Infective agents producing pneumonitis, 
such as the rickettsiae, may also produce myo- 
carditis; willi others, a direct action upon the 
myocardium is less obvious, althougli it may 
exist The heart can also be indirectly af- 
fected by tlie pulmonary disease as a conse- 
quence of the attendant anovia, by the fact 
that the diseased lung is unpaired as a blood 
pump, and by other factors. 

B. The myocardium and lung may be in- 
volved together in certain of the “collagen dis- 
eases" and the damage may be especially 
striking in scleroderma. 

In polyarteritis, small pulmonary arteries may 
be involved as part of the general vascular dis- 
ease. It someHmes happens also that the respira- 
tory tract, as m Wegeners granulomatosis, or in 
the “anj^tjs and granulomatosis” described by 
Fienberg (1953) may he predominantly, or even 
exclusively, involved. The problem of tlie iden- 
tity or separateness of these conditions lias not 
as yet been resolved. 

In lupus cnjlhemaiosus, tlie recurrent “flitting 
pneumonitis” may be not dissimilar to ordinary 
bacterial pneumonia, but vascular and collagen 
ebang es have also been described. 

Acute rheumatic carditis is rarely, if ever, ac- 
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Figure XV-^ (left). Tnink of pulmonary artery 
proximal to the constricbon m animal shown in 
Figures XV-4 and 5. The wall here is more than 
5 limes as thick as in the distal segment (Fig- 
ure XV-7). In the region of hypertension, elas- 
tic lamellae are more numerous than distally, 
but there is focal mcdionecrosis. X 30. 

Figure XV-7 (upper). Segment of pulmonary 
artery distal to point of constnctioii, where the 
pressure was normal or below nonnal. Here the 
clastic lamellae arc tliin and regular. Muscle is 
less abundant than proximally. X 30. 




companied by pneumonitis ascribable on histo- 
logic grounds to “allergy.” Changes in the lungs 
are largely the result of passive congestion (see 
Part 3 of tliis chapter). 

In rheumatoid arthritis, typical “nodules” may 
involve the heart and pleura (Ellmati et al-, 
1954) and lung (Christie, 1934). It has been 
suggested that fibrosing focal pneumonitis may 
indicate rheumatoid damage (Price and Skelton, 
1956, Edge and Richards, 1957), but the rela- 
tionship is uncertain. 

C. The lesions of sarcoid can displace or 
replace much of die myocardium, as well as 
tile lung, and scarring may ultimately involve 
both organs. In the lung, this may lead to 
obliteration or compression of the pulmonary 
vessels. In addition, the walls of the distal air 
passages may become thickened and distorted. 


This results in air trapping and emphysema 
or, when the process is in tlie most distal dis- 
tribution, in the syndrome of “alveolo-capil- 
lary block.” 

D. Intravenous injection of e.xcessive fluid, 
particularly blood, may produce overe-xpan- 
sion of blood volume which is important clin- 
ically. In extreme instances, the venous pres- 
sure will rise and it is of interest that the pul- 
monary venous pressure rises nnicli more 
steeply tlian the systemic venous pressure 
(Figure XV-1), Elevated venous pressure af- 
fects both the heart and lungs. Overexpansfon 
of blood volume alone rarely causes pulmo- 
nary edema but, acting in concert with other 
accompanying factors, such as hemodilution, 
often quickly produces massive edema of the 
lung. 


2. IKTERREI^mONSHlPS OF PULMONARY AND CARDIAC 
FACTORS IN PULMONARY HYPERTENSION 


The pressure in the pulmonary arteries is to tlie viscosity of the blood (see Burton, 
determined by the resistance to right \enlric- 1952). Under nonnal circumst.-inccs, the sys- 
ular output as related to volume of flow, and tolic pressure docs not exceed 2.3 mm, Hg, the 



dia&tulic 8 mm. II^, nor tiic mean 15 min. llg 
{Cournancl, 1U50«51). In contrn.st t(i the sys- 
temic Ciipillnries uith tliotr hyclrostatic pres- 
sure not fat off the ontolic, ll»o p«lnu>nar>' 
capillaries liase a low hydrostatic pressure 
which must surely reduce the likcIiiicKxl of 
pulmonar)’ edema. 

It has been established by direct mieroscopic 
te\aminatJon that only a portinn of tliis l>cd is i>cr- 
/ fused at any one time under b.isal circumstances 
(Hall, 1925; Weam ct til., 1934). £.\pansibility 
' of the normal pulmonary vascular tree, by open- 
ing up of additional ch.'innels or by dilatation of 
those already operatise, is enonnons, so tlut as 
much as a tlirec- or four-fold incrc.ise in blood 
flow over the nomial of 3.1 liters per square 
meter of body surface can be accommodated 
NVithout a rise in the pulmonary arterial pressure 
(Hickam and Cargill, 1948; Riley et al., 1948: 
Coumand ct al., 1950). This expansibility js also 
seen in functional studies (Coumand et al., 1950} 
after resection of a diseased lung. The remaining 
lung, presumably free of disease, becomes larger, 
espeaally in deep expiration, and tlio majumum 
breathing capacity is found to be reduced, but 
only to 63 per cent. Total puImonar>’ blood flow 
and pulmonary artenal pressure are normal at 


l-'iKnrr W-O. niak»\v.aniil s,ic of .imnr)>in of the 
Ininl of the t>iilii)oiur>' artiry stin in Figure XV*8. 
Oivvcxiiiig iictnonluge n mmIiIc tlinnigh the outer 
coals Tlie puliiioiufy .irliry is diickcr and from 3 
to I linies the ihaunlrr of the aort.-i vJikli is anterior 
III position and dLsplaiisi unislrafly. T)ic suixnor 
\riia cava iv displaicd to the right. 

rest. Jii certain patients, tlie remaiumg lung may 
be nonnal, in all respects, to the various tests. 

The structure of the normal pulmonar)’ ar- 
teries reflects tlie low pressure within them. 
Tills is a specific instance of the more general 
biologic fact that vascular architecture is mod- 
ified by flow and pressure (Tliuma, 1911). If 
the rcLitively high iiressiire of fetal eustence 
is maintained because of some structunil 
anomaly or if pulmonar)' hypertension de- 
velops from any cause, the walls of the ' csscls 
become modified, sometimes in a manner that 
may actually contribute further to pulmonar)' 
hypertension, as will be detailed. 

In the genesis of pulmonar)' lu'jiertension, 
tire synergistic interaction of pulmonary and 
r>.irdt .ar! abnormalities is well exemplified. 
A\'hile any one may not be sufficient in itself 
to burden the right side of the heart, the sum 
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of their effects may well lead to pulmonary 
hypertension and cardiac failure. 

The nervous system apparently is involved 
in bringing about this detrimental synergism. 
Thus the series of reflex phenomena that fol- 
low rapidly produced distension of the vessels 
of one lung are abolished by homolateral va- 
gotomy, these reflex changes include brady- 
cardia, a fall in systemic arterial pressure and 
apnea, or rapid shallow breathing (Churchill 
and Cope, 1929, Downing, 1957) (Figure 
XV-2 ) . Such observations support the sugges- 
tion of a neurogenic component in the patho- 
genesis of the “acute cor pulmonale” that fol- 
lows sudden occlusion of pulmonary vessels. 
Thus, in experimental fat embolism, a precipi- 
tous rise in pulmonary arterial pressure is 
accompanied by a fall in systemic pressure 
and by apnea (Figure XV-3), but the changes 
in pulse rate are more variable (Halasz and 
Marasco, 1957). It is uncertain whether the 
fall in systemic pressure is the result of a re- 
flex or the consequence of duninished cardiac 
output. Various, often concomitant, factors in 
pulmonary hypertension may be listed (Table 
XV-2) and these will be discussed in turn: 

TABLE XV-2 

Factors in Pulmonary Hypertension 
I Diminished total pulmonary vascular cross-scc* 

bon 

A. S'pasm 

B. Vaso-restricbvc changes 

1. Intimal pralifcrabon 

2. Changes in clastica 

3. Muscular hypertrophy and hyperplasia 

4. Artenolibs 

5. Fibrinoid changes 

6 Thrombosis 

C. Embolism 

D. Compression 

E. “Loss” of vessels 

II. Increased postcapillary resistance 

III. Deselopment of shunts: bronchial artenes to 

pulmonary artenes 

IV. Decreased efficiency of respiratory blood pump 

V. Increased blood viscosity 

VI. Increased flow 

I. Diminished rtdmouary Vascular 
Cross-section 

Tlie anatomic evaluation of the total vas- 
cular cross-section luescnted to the output of 
the right ventricle is a matter of the greatest 


difficulty and has not been adequately 
acliieved. At present, a better estimate of its 
relative size can be obtained by functional 
measurements. Tliis cross-section can be re- 
duced reversibly by spasm, or permanently by 
anatomic changes. 

A. SPASM 

1. Effects of Anoxia. Evidence has accumu- 
lated that a decrease in the o.xygen tension in 
the inspired air or an increase in alveolar 
pCOa can produce spasm of the pulmonary 
vessels. Such an effect has been demonstrated 
in the intact cat by von Euler and Liljestrand 
(1946) and in isolated lungs by Nisell (1950) 




Figure XV-10 (hppct). nocent and old dissections of 
the (ruiiL of the pulmotuiry .irlcr>. Just prosinial to 
the origin of the left pulmonary artery (which is at 
the nght margin of the photograph al>o\ c the metric 
scale), is seen the tlcs.-iUtl Lp of a completely healed 
dissection. The flcxir of the dissection is smooth and 
fibrous (coinjxrre with Figure .XV-11). .More pro*i. 
maliy, near the lower margin of the photograph at 
tlie left, is a more rc-ccut dissection iiirillrated with 
blood. 

Figure XV-H (loner). Tlic dissection is seen micro- 
scopically to Iia\c occurred within the outer strata of 
tlic media The ele\at«l Iip of tlie disscx.tion corres- 
ponds to Figure XV-IO. The floor is bul(rcsi,ed by a 
Uiick laytT of fibrous conncctisc tissue. 
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Figure XV*12. Wall of pulmonary artery at a dis- 
tance from tlie dissection, sUoviing medionecrosis 
The similarity to Figure XV-6 from the experi- 
mental animal is striking In the human instance, 
tlie pressure 4 years before deatli was 90/47. 

and by Duke and Killick (1932). Further- 
more, by the use of the broncliospiromelric 
cannula and analysis of blood gases, a shift 
of blood to a lung respiring gases with nor- 
mal or high oxygen tension from a hypoxic 
limg has been demonstrated (Dirkeii and 
\ Heemstra, 1948; Peters and Roos, 1952). In 
/ man, however, Fisliman and his collaborators 
(1955), using similar methods, did not find 
a shift of blood from a lung respiring 10 per 
cent oxygen in nitrogen to tlie side respiring 
gases slightly higher in oxygen concentration 
tlian air. In the hypoxic intact animal, the 
demonstration of increase in the pulmonary 
arterial-venous pressure gradient witliout sig- 
nificant rise in blood flow would be necessary 
in order to prove tliat a rise in the pulmonary 
arterial pressure was the result of vascular 
spasm, ratlier tlian left heart failure. Tliis has 
in fact been accomplbhed in tlie dog by Lewis 
and Gorlin (1952) and by Stroud and Rabn 
(1953), and in man by McGuire and associ- 
ates (1951). But if the hypo.via is extreme. 


e.g., sufficient to reduce the systemic arterial 
oxygen saturation of Uie dog to below 53 per 
cent, tlien, as Lewis and Gorlin have shown, 
the peripheral resistance in the lung is actu- 
ally decreased while the cardiac output in- 
creases. 

Evidence for Uie existence of a vasospastic fac- 
tor related to hypoxia in certain types of pulmo- 
nary disease in man, especially emphysema, is 
discussed in Part 3 of this cliapter. Of particular 
interest is tlie occurrence of “mountain sickness” 
with cor pulmonale in the natives of the high 
Andes (Rolta, 1947; Hurtado, 1955). 

It appears that high peripheral resistance 
in the pulmonary vessels dejicnds not upon a 
desaturated state of the systemic arterial 
blood, but rather a fall in the alveolar pO_^. As 
demonstrated by Nisell (1951), perfusion of 
the isolated lung with hypoxic (or hyper- 
caimic) blood actually reduces tlie pulmonary’ 
vascular resistance. 

2. Evidence for Spasm in Pulmonary Ar- 
terial Hypertension. It was well known to the 
older pathologists that hypertrophy of die 
right ventricle was often observed in long- 
standing fibrosing pulmonary disease. The ex- 
istence of pulmonary arterial hypertension not 
associated with obvious disease of the pulmo- 
nary parenchy'ma has only gradually come to 
be realized. 

Monckeberg (1907) was the first to establish 
histologically an instance of hypei tension asso- 
ciated with pulmonary vascular ratlier than pa- 
renchymal disease. Several massive reviews have 
appeared at intervals (Posselt, 1909; Ljungdahl, 
1913; Brenner, 1933) in which tlie subject is 
discussed at some length. Steinberg (1929) was 
among the earhest to state tJiat the vascular le- 
sions might initially be tlie result, rather than tlie 
cause, of the high pulmonary arterial pressure, 
just as had previously been suggested as the prob- 
able sequence in systemic hypertension. 

The tenn primary pulmonary hypertension, or 
primary pulmonary arteno- or arlcriolarsclerosis, 
has come to be applied to cases in which the 
changes cannot be attributed to previous paren- 
riiymal disease. 

Direct evidence for the existence of a vaso- 
spastic clement in primary jiulmonary hyper- 
tension and, with it, Uie implication of par- 
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ticipation of the autonomic nervous system 
was not forthcoming, however, until it was 
demonstrated that such substances as tetra- 
ethylammonium, priscollne ( tolazoline hydro- 
chloride) and acetylcholine could, in some pa- 
tients, temporarily diminish pulmonary vascu- 
lar resistance with resulting increase in the 
cardiac output from initially low values ( Fow- 
ler et al., 1950, Dresdale et al , 1951, 1954, 
Harris, 1957; Wood et al, 1957). This is of 
special interest since the difficulty of explora- 
tion of the function of the abundant pulmo- 
nary nerves has been of Himalayan propor- 
tions. 

Evidence for the existence of pulmonary 
vascular spasm, presumably neurogenic, has 
been obtained by the methonium method, 
even in the hypertension associated with 
mitral stenosis (Goodwin, 1956). Acetylcho- 
line recently has also received attention as an 
agent competent to reduce pulmonary arterial 
pressure under certain conditions (Harris, 
1957; Wood et al, 1957). The mechanisms 
concerned require further investigation. 

B. VASORESTBICTIVt; CHANCES 

On the basis of the evidence just cited and 
because the anatomically demonstrable lesions 
may be minimal (DeNavasquez et al, 1940, 
East, 1940), it appears probable that at least 
some instances of “primary hypertension” be- 
gin with vascular spasm. In other instances, 
various lesions classiSed here as vasorestric- 
tive have been described. 

Although it IS possible tlait such lesions might 
develop spontaneously on the basis of an un- 
known pathogenesis and tlience advance to the 
point of significant restriction of the pulmonary 
vascular bed, it is now well established that any 
of them may be secondary to liypertension in- 
duced by excessive flows as in Eisenmengers 
complex (Eiseiinieiiger, 1897; Civin and Ed- 
wards, 1930, Old and Russell, 1950), patent 
ductus arteriosus (Welch and Kinney, 1948; 
Wood, 1952; Cosh, 1953; Heatli and ^Vhital>.e^, 
1955), co.'irctation (Edwards et al, 1949), com- 
mon ventricle, or septal defect (Draunstein, 
1955), or by an increased post-capillary resis- 
tance, as in mitral stenosis (Bninmg, 1901; Parker 
and Weiss, 1936; Lendrum, 1956), or by pul- 


monary venous obstruction (Edwards and Bur- 
chell, 1951). 

In various forms of congenital Jieart disease 
with a left-to-right shunt, the increasing re- 
sistance induced in the pulmonary vessels by 
the restrictive changes H'ltbin them will some- 
times induce a late reversal in the direction of 
the shunt, whereupon the prognosis becomes 
ominous. Such vascular lesions may also be 
superimposed on embolic phenomena after a 
sufficient restriction of the pulmonary vascular 
bed has taken place. 

Pulmonary arterioles also can become al- 
tered under the influence of an experimen- 
tally induced hypertension ( Muller et al, 
19.53; Ferguson and Varco, 1955). 

It may be concluded that the presence of 
anatomically striking vasorestrictive lesions in 
“primary hypertension” does not negate the 
possibility that here, also, they may be sec- 
ondary to the excessive pressure,— in this in- 
stance probably induced by spasm of the ves- 
sels. 

The factors that initiate the spasm are, at 
this time, totally unknown. The disease may 
appear at a very early age (Figures XV-21, 
38, and 39; Adams, 1952; Berthrong and Coch- 
ran, 1955), and it has even been questioned 
whether riglit-sided cardiac hypertrophy in 
the newborn might not be explained by pri- 
mary pulmonary hypertension in some in- 



Figurc Atlicroinatous changes in a major 

pulmonary arlcry in pulmonary li>pcrtcnsion inltJatixl 
by cmhobm) from thr<«nl>ophJt!;ili< nl iho iclt arm 
in a 40-> oar-old woman. 
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Figure XV-14. Heart and lungs m presumably "pninary"' b}'pertension 
of at least 014 >ears' duration The patient was a woman, aged 33 years 
at death. The pulmonary trunk exlubits sinking atheromatous changes. 
It IS enlarged, thick-walled, and partly fiUed with laminated clot. Clot 
IS Msible also in its branches witlun the rlglit lung. This mural throm- 
bus may act as a source of emboli to peripheral pulmonary \essels. Some 
vessels of small size contain lluombi id various stages of organirabou; 
otlicrs show marked muscular hypertrophy and hyperplasia. 


stances ( Wolman, 1950 ) . The pathogenesis of 
the process in embr>’onic life is especially diffi- 
cult to understand, under circumstances when 
llie lungs arc, to some extent, bypassed by 
the patent ductus and foramen ovale (Barclay 
ct al., 1944; Barcroft, 1947). 

Although the various arterial lesions will be 
discussed principally as seen in “primary hyper- 
tension,” reference will fre<iuently be made to 
Uieir occurrence in vanous forms of secondary 
h>pertensioii. Most of tlie features of these le- 
sions were well desenbed by Staemmler (1938) 
on the kasis of liis own observations (1937) and 
on those of Bredl (1932), Hoeing (1937), Wiese 
(1935-38), Steinberg (1929) and others. 
Staemmler answered in die affirmative the ques- 
tion posed in the bUe of his 1938 article, “Does 


primary hypertension exist m tlie lesser circula- 
tion?" and indicated that the stages following per- 
sistent spasm of the artcnoles were, in order: 
hypertrophy of muscle, damage to elastic fibers, 
necrosis of muscle, and formation of thrombi. 
"Organically fixed hypertension” w’as thought to 
be die end stage of this process. These clianges 
vs'ere held to contribute m varying degree to an 
mcrease in the thickness of die wall, and to re- 
striction or obliteration of the lumen. Schmidt 
(1953) reviewed earlier concepts, and suggested 
that obstnicbng lesions can develop in veins as 
well as arteries and that this might account for 
hemosiderosis of die lung in some of these pa- 
bents. 

IVliile nonnally arterioles or, better, pre- 
capillaries of the lung of an external diameter 
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of less than 100 micra are remarkably thin- 
walled structures consisting only of endothe- 
lium supported by a thin elastic lamina (Bren- 
ner, 1935; Civin and Edwards, 1951), in 
hypertension such vessels may resemble the 
altered peripheral arterioles of comparable 
size in systemic hypertension (Figure XV-19). 
It is necessary to distinguish such altered pul- 
monary vessels from bronchial arteries with 
which they have frequently been confused. 
The position of the bronchial arteries in the 
lamina propria of the larger bronchi and the 
predominance of longitudinal muscle in theii 
inner walls should serve as a clue to the dif- 
ference (Weibel, 1958). This longitudinal 
muscle becomes remarkably proliferated when 
these vessels enlarge (Liebow et al., 1953). 
In the periphery of the lung, the two arterial 
systems, especially when altered by disease, 
may bo difficult to distinguish unless traced 
to their sources. This is best accomplished by 
injection methods. 

Experimental studies have provided evidence 
that pulmonary vessels can reflect in their struc- 
ture the pressures to ivhich tliej' were subjected 
during life. Thus, if, in newborn puppies, stenosis 
of the pulmonary artery is produced severe 
enough to raise the pressure in the pulmonary 
trunk to levels approximating or exceeding those 
m the aorta, the vessel becomes thicker and in- 
creases m size, iii striking contrast to tJie segment 



distal to the obstruction where the pressure is, if 
anything, lower tlian normal and which comes 
into a state of “post-stenotic dilatation” (Figures 
XV-4 to 7) (Liebow, Harrison and Hales, 1950). 
In tlie thickened segment, tlie elastic lamellae are 
more numerous, but often appear frayed or show 
defects (“tnedionecrosis”) and focal replacement 
by fibrous connective tissue which can become 
chondrified or calcified. Muscle is more abundant 
in the proximal segment. Distal to the stenosis, 
the elastic lamellae are thin and regular. 

Most of these changes are analogous to 
those which may occur in extreme pulmonary 
arterial hypertension in man, as in common 
ventricle (Figures XV-8 and 9). As in the 
aorta, a dissecting aneurysm may form in as- 
sociation with inedionecrosis of the pulmonary 
trunk (Figures XV-10 to 12). The fact that 
these changes occur in the pulmonary artery 
at levels of pressure that would be normal in 
the aorta poses on unsolved biologic problem 
of great interest. Loss of elastica associated 
with Marfan’s syndrome can lead to aneurys- 
mal dilatation of the pulmonary artery (Tung 
and Liebow, 1952). 

Having considered one e.xperimental ana- 
logue, the various vascular changes in pul- 
monary hypertension will be individually con- 
sidered, with the understanding that several 
or all may be seen at once. Although it is 
probable tliat hj'pertrophy of tlie muscuJaris 



Figure XV-lo {hit). Market! fibroclaslic "hyaline” changes of llic iiiUin.i Uitli ruitrulicm or olililtraUoa of tlie 
lumen. The apparent retanalization m the largest vessel nuy be the result of urgani/atiou of blood clot, llie 
smaller arteries (.irrows) api>ear collapsed. (Coini>are with Figure XV-1(J.) X5(>. 

Figure XV-16 (right). VcrliotlTs clastic sl.un of tlic smaller \es.scU »ho\VT> in Fipirc XV-15. Note tliickening 
.tnd reduplication of clastic laminae and die obliterated hiniin. .\ 115. 
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Figure XV-17 (left). Concenlne increase m subendolheha! connecbve tissue with reduction of 
lunien. The syniuictry of this change suggests proliferation of fibroelastic tissue, rather llian 
organizabon of thrombus, as tJie responsible mechanism. X 1-10. 

Figure XV-18 (rjght). Further section in an uninterrupted series of the vessel sliOMn in tlie 
preceding figure, with total interruption of the lumen at this level, the result of gradual apposi- 
tion of the waits. Such a process may be associated with obhteration of more distal branches. 

xm 


is the initial anatomic sign of pulmonary Ity- 
pertension, the changes in the various coats 
will be considered systematically, beginning 
with the intima. 

Intimal Proliferation and Atherosclerosis. 
Atherosclerosis occurs especially in the 
larger arteries (Figure XV-13) and is occa- 
sionally seen in small arterioles. The incidence 
and extent of the atherosclerosis of tlie major 
pulmonarj' arteries increases with advancing 
years and is almost universally present in 
minor form after the age of -10. Its extent is 
independent of coronary or aortic sclerosis. 
Tliere is no doubt, howcv’cr, that pulmonary 
hypertension accentuates tlie process. Al- 
though such atherosclerotic changes early 
drew attention to the association of pulmo- 
nary arteriosclerosis and right cardiac failure 
that has often been referred to as Ayerzas 
disease, they arc not functionally significant 
in theimclves. Tlie lesions in the largest ar- 
teries may become ulcerated and the scat of 
mural thrombi that may then seed the 
branches with further restriction of the vas- 
cular bed (Figure XV-M). 

Endothelial proliferation and accumulations 
of connective tissue arc often seen in company 


with otlier changes (Bnll and Krygier, 1941). 
From the observations of Harrison (1948, 
1951), Barnard (1054), Thomas and O’Neal 
(1956a, b), and their respective co-workers, 
it may be asked whether sucli "endarteritis” 
may not, in part or in whole, result from or- 
ganization of tlirombi (Figure XV-15). In 
some vessels the reduction of the lumen by a 
symmetrical increase in connective tissue sug- 
gests another and perhaps reparative process 
(Figures XV-17 and 18). Changes of this 
tyi>e may also occur in consequence of ob- 
literation of the peripheral vascular bed, or of 
a proximal block. It is impossible to estab- 
lish die mechanism without serial sectioning. 

Elasticn. Elastic tissue may form abun- 
dantly in remnants of organized emboli that 
ultimately come to have the appe.irancc of 
intimal plaques. Other processes less well 
understood may, likewise, contribute to the 
intrease of this tissue, often in concentric or 
interlacing laminae among .sheets or groups 
of muscle fibers in the media (Figure XV- 
16). In other instances, clastica may dis- 
appear focally or completely. Medionecrosis 
associated with pulmonary arterial hyperten- 
sion lias already been discussed. 
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Figure XV>19. Pulmonary arterioles m an instance 
of coarctation of the aorta proumal to a widely patent 
ductus in a child 2 months of age. Tlie muscle cells of 
the media are large and clearly m se\eral layers. The 
diameter of these vessels to the external margin of tlie 
media vanes from 31 to 47 micra. Normally, vessels 
of this size have few or no discernible muscle cells m 
tlieir walls and consist essentially of endothelial cells 
supported by an clastic lamina X 290. 

Muscular Hypertrophy and Hyperplasia. 
The hypertrophic and hyperplastic state of 
the muscle seen most prominently in the 
media, when generalized, probably represents 
the anatomic expression of the increased tonus 
that obtains in hypertension (Figures XY*1^ 
to 21). It is remarkable that such changes 
may develop in the first few months of life, 
and to an extent greatly in excess of the nor- 
mal muscular state of the pulmonary vessels 
at birth, and tliat they may be associated with 
massive right ventricular hypertrophy in such 
instances. 

Altliovigh the presence of a thick intimal 
layer of longitudinally arranged muscle occurs 
characteristically in expanded bronchial ar- 
teries, this may be seen also in pulmonary 
arteries, especially when in free anastomosis 
with the bronchial arteries. Such changes may 
occur focally, as is true of medial hypertrophy 
in the absence of hypertension. 

Fibrinoid Changes. Deposition of “fibri- 
noid” in any of the layers of the vessel may- 
take place in extreme pulmonary li>T)crtcnsion, 
i c., at levels approaching pressure in the s>’s- 


temic arteries. When it occurs, there is also 
often necrosis (Figures XV-22 to 24). The 
mechanisms concerned in the formation of 
fibrinoid are not clear, except that there Are 
indications that the material is derived from 
tlie blood (Brunson et al., 1955). In tlie sys- 
temic circuLition, extreme spasm with hyper- 
tension associated with administration of nor- 
epinephrine may produce fibrinoid changes 
in systemic arterioles with great rapidity 
(Waters and de Suto-Nagy, 1950). Fibrinoid 
changes in pulmonary arteries are sometimes 
seen also in the various forms of allergic vas- 
culitis in such conditions as Wegener’s granu- 
lomatosis and lupus erythematosus and, ac- 
cording to Lendrum (195S), are common in 
Infarcts. Good fixation in formol-sublimate 
and special stains such as the picro-Mallory 
are sometimes necessary to demonstrate these 
changes. 

Necrosis of “Arterioles” and “Arteriolitis.” 
In some instances of extreme pulmonary hy- 
pertension, the arterioles become largely ne- 
crotic and beavily infiltrated with polymorpho- 
nuclear leukocytes, as well as mononuclear 



Figure XV-20. From the same lung as shown In FijJ- 
urc X\^-19. Larger arterioles showing a ihick mu'- 
cular medial co.it, and a stnLingly thicLincd adven- 
titia. even for tliis age. X50. 
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Figure XV-21. Pulmonary artenole from a 5-week- 
oW cluld uith primary pulmonary b>’pertension. 
Greatly thickened muscular media Serial sections 
slioued no evidence of occlusion of the peripheral 
branches of these arterioles. Smaller artenoles possess 
less elastica. VerhoefTs elasuc stain. (See also Figures 
XV.38 and 39 ) X 143. 

cells (Figures XV*25 and 26). The resem* 
blance to the lesions of periarteritis nodosa or 
“sensitivity angiitis” is striking. Evidence 
against an allergic pathogenesis is that sucli 
altered vessels occur not only in primary hy- 
pertension, but also in Eisenmengers com- 
plex (Old and Russell, 1950), patent foramen 
ovale (Braunstein, 1955), and in chronic long- 
standing mitral stenosis (Lendrum, 1958). 
The fact tliat such diverse conditions produce 
the same effect suggests that high pressure is 
the pathogenetic mechanism. 

Necrosis of the wall may be associated with 
fibrinoid changes described, and with throm- 
bosis, in v’arious stages of organization (Fig- 
ure XV-27). As healing progresses, iwrtions 
of the fonner muscular wall may be replaced 
by liv'jicriilastic connective tissue ( Figure XV- 
28), or may even become aneurj’smally ex- 
panded. Sucli changes have been regarded as 
“congenital defects'* by some (Gilmoiir and 
Evans, 19-16; Spencer, 1950), and have served 
as the basis of a tlieoiy that the pathogenesis 
of the “primary hypcrteusioir is thrombosis or 
connective tissue hjiicrplasia over such “weak 
spots,” with ultimate restriction of the lumen. 


The best evidence that this is not the case 
but rather that the defects are the result ol 
necrosis is, again, tlie fact that tliey commonlj 
occur in secondary hypertension ( Figures XV- 
27 and 28). 

Barnard ( 1954) has also produced such 
changes expenmentally by iojection of blood clot 
with the consequent development of h>perlen- 
sion, which may have as secondaiy’ effects the 
necrotizing .and other lesions that have been de- 
scribed. 

Thromboangiitis, “Plexiform” and “Angiom- 
aloid” Lesions. Thrombi are often found in 
arterioles in pulmonary' hypertension and may 
or may not overlie other mural lesions (Fig- 
ure XV-27). Tliey may even be seen in the 
pulmonary trunk in association with atherom- 
atous transformation of the intima, whence 
emboli may be derived (Figure XV-H). 

Among the most remarkable changes are 
the pleviform proliferations of endotlielial 
cells mixed with fibrin that interrupt the lu- 
mina of arterioles within wliich they delineate 
subsidiary channels. Sbaw' and Ghareeb 
( 1938 ) first noted them in patients with sdiis- 
tosomiasis and, when prominent and numer- 
ous, referred to tliem as angiomatoid lesions. 
These channels may extend be>’ond the ad- 
ventitia of the original \ essels and are in con- 
tinuity willi tortuous labyrinths of large, thin- 
walled vessels which surround the obstnicted 
arteriole and contribute to the angiomatoid ap- 
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pearance (Figures XV-15 and 29 to 34). Proxi- 
mally to die interruption, tlie arteriole is usu- 
ally greatly thickened by muscular, elastic and 
mtimal changes, but distally it is remarkably 
thin and large, as in post-stenotic dilatation 
(Figures XV-30 and 31). This appearance 
suggests that the pressure in the distal seg- 
ments is not elevated, and this is confirmed by 
the absence of congestive changes in the walls 
of alveoli, such as are noted in mitral stenosis. 
Masses of blood platelets (Figures XV-35 and 
36 ) may be sequestrated within the expanded 
%'essels just beyond the obstruction. The or- 
ganization of sucli masses contributes to the 
development of the granulation tissue. 

Tile nature of the angiomatoid lesions is 
not entirely clear. In part, they represent or- 
ganization of thrombi deposited upon the 
walls of vessels which have become the seat 
of any of the destructive or exudative lesions 
that have just been mentioned as the probable 
consequence of the pulmonary hypertension 
itself. The localized nature of the obstructing 
process, and the uniformity in size of the 
vessels involved suggest that it is non-embolic 
in nature. 

Staemmler and Schmitt (1931), however, have 
interpreted these lesions as being tlie result sim- 


ply of intimal, chiefly endothelial, proliferation. 
Some have regarded the angiomatoid lesions as 
congenital artenovenous fistulas, or points of con- 
necboti of pulmonary to bronchial arterioles 
(Bnnton, 1950; Froment ct al., 1954). Ji has 
Indeed been theorized that such connections with 
die systemic circulation could represent tlie 
pathogenesis of primaiT hypertension. In I'leiv of 
their occurrence in secondary pulmonary hyper- 
tension, as in schistosomiasis of the lung or inter- 
ventricular septal defect, it is more reasonable to 
regard these “plexiform” or “angiomatoid" lesions 
as acquired. They may be prominent m primary 
pulmonary hypertension (Kuida et al , 1957, 
Hufner and McNicol, 1958) . Serial sections made 
by several observeis (e.g.. Brewer, 1955) have 
revealed no regular connection with pre existing 
veins, although occasional minute draining chan- 
nels may be observed to lead into pulmonary 
venules This is to be expected m the drainage 
of granulation tissue, and should be looked upon 
as an acquired rather than a congenital state. The 
dilated ihin-walled channels, when traced dis- 
tally, become distnbuted into capillaries (Figure 
XV-3i). In addition, vessels penetrating the 
original adventitia do represent, in some in- 
stances, bronchial arterioles, which are known 
to make a contribution to the capillary compo- 
nents of granulation tissue in the lung (Figures 
XV-29 and 30). They aie related to tortuous 
channels m the walls of adjacent bronchioles 



Figure XV-23 {left). Necrosis and massive fibnnoid clumgc of wall of imlnionary .irtenolc from imd- 

dic-.igcd man With long-standing imtr.il stenosis. There is a poi}n)ori>iK)niic.k-ar Icnlocjfic exudate 

throughout the vessel and in the surrounding edematous comiecUve tissue. {Professor A. C. Lcn- 

drum’s case, 1956, lUusIratod with Inv permission, os are also Figures XV-24 to 26.) Lindruin’s 

pkro-Malloiy slain. X 190. 

Figure XV-2-1 (right), A larger arteriole witli focal necrosis of the hyiH-rtrophicd muscle l.iycr and loss 
of iwrtions of the internal and external clastic lamella. Fibnnoid mattnal conccntratixl in the vkimty 

of the elastic l.'nncH.ie, especially the inner. Figure XV-23 is from the s.imc patknt. Ltiidnim’s 

orcein hematoxylin pbloxinc tartrazine. 73, 
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Figure XV-25. Necrotizing artcnolitis and pen- 
ortcntis with fibrinoid changes. Figures XV-23 and 
24 are also from tins patient. Lendrum's oredn- 
cclesbnc blue-hcmatoxylin-von Gleson stain. X 120. 

that have the position of bronchial rather than 
pulmonary \essels (Figure XV-32). Studies of 
injected specimens indicate that they develop in 
pulmonary hypertension after occlusion of pul- 
monary artenoles has taken place (Figure XV- 
37). Their presence should also, therefore, 
be regarded as favoring an acquired state. Ex- 
tension of the proliferating mass of the granula- 
tion tissue be>ond the original wall is explained 
by the defects produced by the previous necro- 
tizing artenobtis and by the vascular connections 
just desenbed. The exact reasons for the exuber- 
ant nature of the process in these peripheral pul- 
monary arterioles is unknown. It is interesting 
that a similar exuberance can, however, be ob- 
served in the organizabon of necrotic tumor em- 
boE in tlie pulmonary artenoles. 

It may be considered whetlier some of the 
distal thin-walled channels represent newly de- 
veloped branches tliat connect one pulmonary 
arteriole to another. Pulmonary vessels do not 
usually serve as collaterals to one another. Such 
an interpretation, however, has been placed on 
terminal vessels in “solitary pulmonary hyperten- 
sion” tliat appear to join adjacent pulmonary ar- 
teries, by Evans, Short and Bedford (1957) on 
the basis of tlieir radiographic technique. In 
casts of lungs from secondary h>pertension asso- 
ciated witli common ventricle (Figure XV-37 
and one other instance), however, such vessels 
can be traced in continuity with expanded bron- 
chial arteries. The latter characteristically form 
plexuses that anastomose with more Ilian one pul- 


monary artery and tliey are also in continuity 
with systemic arterioles in the pleura. The con- 
tinuity and third dimension provided by the casts 
reveals these vessels to better advantage than 
radiograpliic methods. 

Some tentative conclusions regarding tlie 
angiomatoi'd lesions may be drawn: (1) They 
consist in part of organization-tissue which 
occludes previously damaged vessels; (2) 
there may be a contribution of bronchial ar- 
terial collaterals that penetrate the original 
wall from without to participate in tlie organ- 
izing process; (3) branches beyond the occlu- 
sion tend to become thin-walled and dilated; 
(4) it is unknown whether newly formed 
interpulmonary arterial collaterals, as distinct 
from bronchial arterial collaterals, are also 
established, but this seems unlikely. 

Tortuosity of Pubnonary Vessels in Hyper- 
tension. As in the peripheral vessels, pulmo- 
nary arteries subjected to extreme elev’ations 
of pressure tend to become tortuous. The ac- 
tual pressure levels at which this transforma- 
tion becomes evident are lower than in the 
systemic circulation. These changes are ob- 
served both in primary as well as in secon- 
dary hypertension. They are even demonstra- 



Figure XV-26. Necrotizing arteritis involving a much 
larger vessel tJian in Figure XV-25, but from the 
same patient. Concentration of iibniiuid niaiinal in 
the region of the external elastic I.iintlla is evident. 

Lendrum's picro-Mallory stain. X 120. 
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ble in angiograms and are particularly well 
shown in plastic casts (Figures XV-38 and 39). 
The tortuosity is greatest in arterioles which 
then resemble a corkscrew, but even segmental 
arteries may become contorted in extreme hy- 
pertension. Such changes are not necessarily 
related to tlie development of collaterals. 

Since a large body of evidence exists that 
pulmonary hypertension of sufficient degree 
and duration can produce vascular changes, 
the tendency to perpetuate or even further 
to increase tlie hypertension may be suggested 
in a summarizing chart (Figure XV-40). 
Tliese changes tend to reduce the total vas- 
cular cross-section, either directly or because 
certain of them favor tlirombosis. A reduction 


in vascular cross-section, in turn, favors the 
development of pulmonary hypertension. This 
must be considered in terms of the large total 
reserve of tlie pulmonary vascular bed, and of 
the existence of such functional variables as 
cardiac output, vasospasm, and viscosity of 
die blood. 

C. EMBOLISM 

Tite acute effects of massive diffuse arterio- 
lar or capillary embolism have been described 
earlier as acute cor pulmonale. Pulmonary 
emboli derive predominantly from the veins 
of the lower extremities and pelvis and are 
found in as high as 28 per cent of necropsies 
in adults (Brenner, 1935). Not all of these. 













Km 











Figure XV-27 (left). Arteriole miUi necrosis of muscle, pob'morphonuclcjr leukocytic infiltration of wall, 
and fonnalion of a tlirninbiis in lumen. From a paticot who had pulmun.iry hy-ptrtension a.'ssociatcd with 
interatnal septal defect. (See also Figure XV.35). Lendrum's picro-Mallory stain. .\ “200. 

Figure W-28 (n'g/it). Longitudinal section of small artery showing iiitcrniption of tnuscul.ans (arrow). 
This outpouiluiig of the wall is interpreted to represent healing of a lesion such as is dimonstralcsl i*' 
Figure XV-27. From a patient with a common ventricle. (Sec also Figures XV-33 to 37.) X150- 
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Figure XV’-29 (left). Angionialoi(] lesion. A small arterj conUimiig a iilL-xifonii nias» nf ‘iiull vessels. No unor- 
ganized clot persists at tlus level. In other vessels, the presence of tluumhus suggested that the process was 
one of organization. Some component vessels appear to (lenctrate the w.ill, sugg»ling drainage of the granu- 
lation tissue into pulmonary venules, or origin from the collattra! circulation. l1iat such vessels are often 
remarkably enlarged is suggestcvl by tlu-ir size relative to the bronchioles that they aecoiniiany. The reason 
for the cviihernnce of the granulations is not knou-n. Figure XV-13 is from the same patient. 

Figure XV-30 (right) Angiomatoid lesion demonstrated to interrupt the course of a pulmonary artcr>'. At the left 
IS tile thick-walled muscular artery (P) tlut lies provimal to the plevifomi mass. The latter appears at a site 
at which the muscular wall suddenly becomes thin. It forks towards ilie right into two branches, one of wlu'ch 
IS met in a fortunate longitudinal section. Tills distal brancli (D) is mnaikable for its oxcctdmgly thin w-oll, 
but it IS an artery, not a vein. A reasonable inlcrprctation is that the angiomatoid mass reprc'scnls organiza- 
tion of tlie thrombus that arose in a region in which the muscular wall of P is now thin (formerly nccmtic?). 
The thick wall of P le&ccts U\c high pressure pioMmally. tlie pf«»surc in the tliin-vvallcd segment probably was 
low. At the arrow is a vessel penetrating from without, and prtdiably a brancli of a cnllateral arteriole. Fig- 
ures XV-13 and 29 arc from the same patient. X53. 


however, arc associated widi infarction of the 
lung. Parker and Smitli (1958) have reviewed 
the mechanisms tliat may be concerned. When 
the right side of tlie heart becomes dilated 
in failure, mural thrombi are frequently 
formed, especially in the auricul.ir appendage, 
whence emboli may arise. 

Multiple or repeated embolism of the larger 
pulmonary arteries can lead to right cardiac 
failure. Tliis may be immediate but may be 
preceded by compensation, manifested ana- 
tomically in right cardiac hypertrophy. 

Clinical and anatomic features have been re- 
viewed by Castleman and Bland (1946), Carrol 
(1950) and Hollister and Cull (1956). Subtotal 
or even total occlusion of the trunk and main 
branches of the pulmonary artery has been de- 
senbed (Tulpius, 1641; Hart, 1905; Stadebnann, 
1909). In these instances it is probable that the 
embolism of the main brandies occurred seriatim, 
with sufficient time for recanalization to take 
place vvitliin one main branch before occlusioo of 
the other. 

It has also been suggested that multiple emboli 


may become organized to a state that is easily 
confused with “pulmonary arteriosclerosis.” This, 
in fact, was the original stimulus to C. V. Har- 
rison's (1948) experimental work. Recent ob- 
servations by Thomas and his associates (1956) 
support this view. 

It is probable that embolism frequently is 
a contributor)' factor superimposed upon 
otliers iQ the genesis of pulmonary hyperten- 
sion. On the contrary, if hypertension is the 
consequence primarily of embolic phenomena, 
vascular lesions of the type described in tlie 
previous sections may be superimposed and 
vicious cycles may thus be initiated (Figure 
XV-30). Tumor emboli may also lead to the 
development of cor pulmonale. Carcinoma of 
the stomach, more than any other type of 
tumor, is likely to metastasize in this fashion 
(Greenspan, 1D34; Spain and Handler, 1946, 
Morgan, 1949; Storstein, 1931). Ultimate or- 
ganization of tumor emboli to ydeld an appear- 
ance similar to “sclerosis” has been described 
by Saphir (1947). 
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Figure XV-31 {tipper). Angiomatoid lesion in MThutosoiuiaMS. Lung of a 24-year-o!d Puerto 
Rican woman wlio liad been living in the Uiuted Statev for 5 years before her death shortly after 
dehvenng a cluld. At the left is a thick-walled muscular artery with conccntnc fibrinoid 
deposits in tlie intiina, continuous witii an obstnieling mass of granulation tissue where (he 
wall is destroyed. A widely patent, but tliin-walled, ciiaunel proceeds to the right from the 
granulation bssue and becomes distnbutcd to vaiHlIory clianiiels. The similarity to the rela* 
tioiuship demonstrated in Figure XV-30 is striking, despite the diflcrcnt etiology of the pul- 
monary liypcrtcnsion. X30. (Courtc^ of Dr. X'llo Herrera.) 

Figure XV -32 (foin’f). Angiomatoid U’sioii froni same patient as In Figure XV-31, At the right 
below’ is the remnant of a pulmonary artcnolc filled with an angiomatoid mas.s. The tliin- 
w-alled channels in tlic wall of the adjacent bioncltiole liavc the distribution of bronchial 
vessels, and arc in conliniiity with tliosc tliat penetrate the advciilitia to become jiurgcd 
with tile plcxifonii mass near the center of the puhiionary aitcriolc. X 125. 
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Figiue XV-33 (ui)per). Angioaiatoid lesion. (Figure XV-3I is from soiiie patient.) A mass of 
thm-walled vessels is associated with an arteriole obstructed by a granulomatous response to an 
egg. (Compare ssith Figure XV>34.} 


Figure XV-34 (lower). Angiomatoid lesion (bigber magmScation of Figure XV-33). At the right 
witliin an obstructed pulmonary artery is seea a well prestrsed schistosome egg. Recanahzing 
cliannels near Uie egg contain muraliy deposited byabne acidophihc material. At the left are 
the thin-vvahed component channels of the angiomatoid mas$. X 125. 
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Figure XV-33 (ujipc’r). "‘Platelet sequotmtion** ami oUier changes in coinnion sen* 
tncle (from same patient os Figures XV-27 and 28), A large artcr>’ with a mark- 
edly thickened wall (organizing and partly recaiiahzcd thrombus?). A small branch 
extends upwards and is the scat of an angiomatoid lesion demonstrated under 
higher magrufication in Figure XV-86. X -12. 

Figure XV-36 (loner). Angiomatoid lesion seen in right upper t>uilion of Figure 
XV-35, under higher inagiufication. Clumped platelets and fragments of fibna and 
proliferated endothelial cells within than-wallcd vessels. X320. 
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Figure XV-37 Bicmchial ailcnal eniargemcnt and otlin iliango a!>soi.iated \«tli pulinonary arterial occluriso 
disease in common ventncle (as illustrated in Figures XV-13 to 18, 28, 35 and 36). The aort.a (di>) gives 
rise to greatly enlarged bronchial arteries (BA). The latter coonctl with the pulmonary sesseb where these 
Imve become extremely tortuous (arrows) and some bronchial arterioles are continuous with a plexus in die 
pleura (PI) In lustologic section, such regions of anastomosis arc revealed occasionally as components of 
the angiomatoid lesions. Enlarged proliferated bronclual arteries can be seen along tlie medial basal seg- 
mental bronchus (B). The transected main trunk of the nglvt pulmonary artery is identified by the label PA. 


Barnard’s (1957) demonstration in rabbits that 
repeated intraxenous injections of small r]uan(i- 
ties of oxygen, nitrogen or argon can produce 
striking pulmonary vascular lesions is of great 
interest and warrants further study. 

Scliistosomiasis is an important cause of ob- 
struction of the pulmonary vessels in some 
parts of the world (Shaw and Ghareeb, 1938. 
Bedford et aJ., 1946; Marchand ct al, 1957). 
The eggs are swept into small pulmonary ar- 
terioles whicli become the seat of a destruc- 
tive arteritis and periarteritis probably associ- 
ated witli allergy. Thrombosis complicates this 
condition. Effects of hy^iertension are evident 


in muscular thickening and other changes in 
the pulmonary vessels proximal to the ob- 
struction. The “angiomatoid” lesions, at one 
time thought to be specific for this condition, 
are now known to be related to vascular ob- 
struction and pulmonary arterial hypertension 
per se (Figures XV-31 to 34). 

Because so many of the xiatients with primary 
hypertension are young married women (Heatli 
et al., 1957; Shepherd et al., 1957), the question 
is pertinent whetlier amniotic fluid embolism may 
not be the initiating phenomenon. It is possible 
that considerable embolization of this sort can 
take place without production of tlie syndrome 
of shock or of acute cor pulmonale tlwt has fre- 
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Figure XV-38 TorUtoi,ity of pjilmonary artenes in puJnjonary hyperteniion 
(from patient %\ith primary hypertension, sec Figure XV-21). Film taken 8.4 
seconds after injection of the radio-opaque medium. Note tortuovis pulmonary 
arteries, one of which, in the region of the middle lobe, is indicated by an arrow 
and the symbol X There is delay in transit of blood through the lungs as indi- 
cated by persistence of viMbiJily of the pulmonary arteries and of components of 
the spinnvertebral venous plexus, at a lime when the aorta { Ao > is already opacified. 


quently accompanied the process when fatal. 
Moreover, the difficulty of demonstrating the 
particulate components of this fluid are well 
known, and they must be sought by appropiiate 
methods (Attwood, 1956, 1958). 

In summary, embolism can contribute to 
cardiopulmonary disease, perliaps to a larger 
degree than has been thought. Further study 
is needed. 

D. COMPRESSION 

Obliteration of vessels by e\ternal compres- 
sion may occur in primary or metastatic neo- 
plasms. Tliis process may also be diffuse as a 
consequence of perivascular lymphatic me- 
tastasis. 

The effect!, of coinpressiie .itelfctasis, .i{tIiofig}i 
UMully insufficient to interrupt completely the 
blood flow through a lung, may increase resist- 
ance to (he output of (he right ventricle. This is 
discussed elsewhere. Such a result may be ob- 
served in deformities of the chest, or when the 


lung is collapsed by fluid, air or tumor in the 
pleural space. 

Compression of minute vessels witliiii distal 
air passages may also result from focal air- 
trapping, as in broncho-obstructive disease. 

E. LOSS OK CAPULLAIULS 

Hardly a tissue in the body is more vascular 
than the wall of the alveolus, and this has 
been well demonstrated anatomically by Mil- 
ler (1937). It has come to be presumed (hat 
there is a loss of considerable portions of this 
bed in fibrosis or emphysema. This is cer- 
tainly true when large masses of alveoli are 
replaced by hyaline connective tissue, or by 
bullous transfonnation. TIjo earlier phases of 
this process, however, are more dilRcult to 
assess quantitatively. 

TIic relative vascularity and resistance of 
fresh granulation (issue as aunparcxl u ith nor- 
mal alveolar substance has not been accu- 
rately dctcnnincd; nor has the source of nevv 
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Figure XV«39. Tortuous \cssg 15 (arrows) as 
dcmonstratcil in the cast of tlie nght lung of 
patient whose angiogram is illustrated m Fig- 
ure XV -38. Arrows indicate (he attenuated and 
markedly tortuous \csscls in (he penphery of 
the lung, one of which probably corresponds 
to the vessel iiurkod X in the angiogram. 

capillaries in tlie former been established. 
There is evidence tliat at least a iwrtion of 
these capillaries come from bronchial arteries 
and tliat the total resistance in the granulation 
tissue is probably relatively liigli. 

In emphysema, there is a loss of vascularity 
that involves not only capillaries, but also ves- 
sels of much larger size. Tliis process, which 
is not well understood, is discussed in the 
third part of this chapter. 

In sum, although loss of capillaries and 
small vessels in general may ultimately come 
to be a matter of Erst importance, its quanti- 
tative, functional and anatomic definition is 
difficult and must be considered in rdalion to 
otlier processes, such as spasm, development 
of anastomoses between systemic and pulmo- 
nary arteries, and immobilization of the lung, 

II. Increased Posicapillary Resistance 
Acute effects of increased resistance to out- 
flow from the pulmonary capillaries have been 
discussed in Part 1 of tin's cliapter, and the 
more cliroale eSects are considered in Part 3, 
with reference to mitral stenosis. 


III. Development of Shunts; Bronchial 
Arteries to Pulmonary Arteries 

In many types of fibrosing pnlmonar)' dis- 
ease, and especially in bronchiectasis, there is 
a great expansion of the broncliial arterial col- 
lateral circulation, and large prccapillarx’ 
anastomoses of these vessels with the pulmo- 
nar>' arteries can easily ho demonstrated 
(Wood and Miller, 193S; Li'chow ct al. 1949, 
1950b; Latarjct, 1954). The pultnonar>' ar- 
teries thcinseUcs in.iy hccuine decreased in 
size. 

Since each of these anastomoses represents 
a connection with the high-pressure aortic cir- 
culation, it must represent a point of increased 
peripheral resistance. The effect is to shunt 
blood away from the diseased tissue within 
which the anastomoses occur to nonnal pa- 
renchyma where gas exchange can take place. 
Tlicir presence lielps to account for tlie lack 
of desaluration of systemic arterial blood, 
ex'cn when large masses of pulmonary sub- 
stance arc involved in bronchiectasis or other 
fibrosing disease (Liebow cl al, 1950b). 
Other contributory factors in this shunting 
mechanism are partial obliteration of the pre- 
existing pulmonary’ capillary bed and Inter- 
ference by fibrosis or pleural thickening with 
tlic blood-pumping action of the ihora-x. 
NciUicr of the latter is, however, sufficient in 
itself to insure the shunt (Rosenberg, 1952). 

In massive unilateral pulmonary’ disease, 
the shunting effect can involve an entire lung 
and tliis can clearly be demonstrated by angi- 
ography’. When radio-opaque material is intro- 
duced into the right side of the heart, it enters 
only the pulmonary artery of (he normal lung, 
despite the patency of boUi pulmonary' .ar- 
teries. Tills patency can subsequently be con- 
firmed in the resected diseased tissue. 

Tliat a reversal of flow in the pulmonary' 
artery of the diseased side toward tlie hilum 
can take place was first demonstrated by 
catheterization in 1950, in a patient with 
broncliiectasis involving all segments of the 
left lung (Figures XV-41 to 45) (Liebow et 
al, 1950b). 

A caifiefer inCrodaced info the left pulmonary 
artery received vviUiout suction fully oxygenated 
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blood. This blood flowed from the aorta and 
bronchial arteries by way of the communications 
with the puJmonaiy arteries, pro.rimaHy, against 
the usual direction of flow. This was subsequently 
confirmed on a segmental basis by Roosenburg 
and Deenstra (1954). In tliis demonstration, 
obstruction of a pulmonary artery by “jamming’' 
the catheter must not be permitted to occur, since 
this will abolish the counter-pressure from the 
proximal end that is normally present and, there- 
fore, may cause blood from the collaterals to flow 
toward the catheter, whether or not this w'as 
the case in the unobstructed vessel. 

Additional confirmation has come from the 
study of another patient by Alley and associates 
(1958) in whom contrast medium introduced 
high into the descending thoracic aorta opacified 
the enormously enlarged tortuous bronchial ves- 
sels of a diseased left lung and then, in retro- 
grade direction from these vessels, the pulmonary 
artery. 

Although there is no doubt of the existence 
of large anastomoses in some of these patients, 
it is obvious that tlie direction of flow de» 
pends upon the relative pressure on the two 
sides of the anastomosis, which is not neces- 
sarily constant. For example, if a sufficient 
rise in the pulmonary arterial pressure occurs 
late, when disease has become sufficiently 
diffuse, there may be a reversal once again 
with a peripheral flow in the pulmonary ar- 
tery into the capillaries and veins of tJie dis- 
eased side. When sufficiently numerous, these 
points of increased resistance doubtless con- 
tribute to the development of pulmonary hy- 
pertension, irrespective of tlie direction of 
flow. They are unlikely alone to be responsible 
for pulmonary liypeitension unless a volume 


of parenchyma greater than that of one lung 
is involved in disease. 

IV. Decreased Efftcienctj of Respiroforj/ 
Blood Pump 

There is some suggestion that insufficient 
attention has been paid to the assistance ren- 
dered by the respiratory movements of tlie 
chest to the right side of the heart in its blood- 
pumptng function, as early emphasized by 
Costa (1928). In the normal lung, the elastic 
tissue is constantly on a stretcli and tJie 
stretching is increased during the inspiratory 
movement. During inspiration, therefore, a 
greater expansile traction is exerted on all 
structures within the lung, including the ves- 
sels to which the elastic tissue is attached. Tlie 
inspiratory movement, consequently, tends to 
enlarge the vessels, and Uiis can be accom- 
plished only by an intake of blood. Forward 
flow is, of course, insured by the direction of 
the carflac valves and tlie action of the heart. 
During the expiratory phase, the elastic trac- 
tion is diminished and tonic recoil of the ves- 
sels tends to empty them (Figure XV-48), 
Tliis pumping is reduced or abolished if the 
lung tissue is partly or totally immobilized, as 
by dense pleural fibrosis. Relative immobili- 
zation can also result from bronchial obstruc- 
tion with either atelectasis or air-trapping; 
paralysis, or other interference with the move- 
ments of the diaphragm and intercostal mus- 
cles; pneumothorax; filling of the alveoli witJj 
exudate, as in acute pneumonia or pulmo- 
nary edema; interstitial emphysema; pleural 
thickening; or compressive atelectasis, as by 
pleural exudates or tumors. 



Figure XV'-40. Vicious c}iJcs imolscd m possible perpetuation ami 
increase of pulmonary h)pcrtcnsion. 
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Figure W-41 (N/ijJcr) Drondiugrani m.iile lu Xo>enJ- 
bir, 1943, clemumtrutsng br(mcliiecta»i& imoKing all 
segments of the left lung The nghl lung is o\ere\- 
paneled >n comefiuence of shift of the inediaslinum to 
the diseased side Tlie patient was a 32-year-old man 
sshosc disease began after aspiration of a tack 25 
>cars prcMously 

Figure XV-42 (lou-er). Circulation in bronchiectasis. 
Angiogram made in 1949 from same patient as in Fig- 
ure XV-41 demonstrating tliat only the sesscls of the 
normal nglit side are opacified, and that blood is 
shuntid away from tlie left pulmonary artery, or u 
flowing in reverse towards the hilum. This interpreta- 
tion IS confinned by results of catheterization (see 
text). 


iiig tile patency of the pulmoiiar>’ artery and its an- 
astomosis witli a greatly expanded plevus of bronchial 
arterici. The field outlined in white ls shown in close- 
up m Figure .\V-44. 

Figure XV-44 (fotcer). Detail of an anastomotic chan- 
nel (arrow) approximately 1 mm. in diameter, con- 
necting a pulmonary artery (PA) and a brancli of a 
large bronchial ortenal plaxus (BA). Fully saturated 
blood from Uie aorta entered the lung by way of the 
broncliial arterial plevus and traversed tlie tlianncl to 
pass to tlic pulmonary artery. Witlun the pubiionary 
artery some of the blood was demonstrated to flow in 
reverse of tlie usual direction; the xeinoinder altered 
the capillaries of tlie fibrotic lung and w.cs delivered 
into the draimng veins. 
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WJien only a part of tJie lung is involved in 
any of these processes, blood is diverted to 
those parts of the parencliyma wJiere pump- 
ing is still effective. In fact, compensatory 
mechanisms involved in assuring an adequate 
air-exchange tend to increase the pumping 
action ^vithin the unin^'olved iJulmonary tis- 
sue. 

This shunting mechanism has been demon- 
strated for a whole lung by Bjork and Salen 
(1950,) by Peters and Roos (1952), and by 
Rosenberg (1952). Rosenberg has shown that 
simple immobilization of a lung by enshrouding 
it m cotton mesh does not completely prevent the 
inflow of blood as demonstrated angiographically, 
although the blood flow is markedly reduced in 
contrast with that to the normal lung. 

In pulmonary emphysema, the total pump- 
ing action may be reduced, in part by bron- 
chial obstruction with air-trapping and conse- 
quent immobilization of portions of the pa- 
renchyma, in part from a quantitative restric- 
tion in the total elastic tissue, in part perhaps 
from a qualitative alteration of this substance. 
The analogy is to an old garter, the stretching 
of which involves little pull or counterpull. 

V. Increased Blood Viscosity 
When the systemic arterial oxygen tension 
is diminished, there is a stimulus to ix>lycy- 
theraia, the viscosity of the blood is increased, 
and with it the work of the heart. 

VI. Increased Flow 

In normal man, a three- to four-fold in- 
crease in transpulmonary blood flow above 
the cardiac index is accommodated by such 
a diminution of resistance that there is no in- 
crease in pulmonary arterial pressure. In 
chronic pulmonary disease, however, as re- 
sistance (R) rises, it is obvious from the for- 
mula P = kFfl that the iiulmonary arterio- 
venous pressure gradient ( P ) will rise for con- 
stant flow (F); viscosity is assumed to be 
constant. Moreover, an elevated pressure 
tends, in itself, to produce further damage to 
vessels with additional increment in resist- 
ance, as has been described. 

Inefficient ventilation in chronic pulmonary 
disease may lead to a decrease in oxygen ten- 


sion that initiates mechanisms tending to in- 
crease cardiac output. With the associated 
polycythemia, moreover, the blood volume 
and venous pressure tend to rise. The ex- 
panded output is Rung against a resistance 
inCTeased by anoxia-induced vascular spasm 
and, in varying degree, by physical loss or 
obstruction of the peripheral vascular bed. 

Flow in the pulmonary vascular bed may 
also be increased as a result of various con- 
genital malformations. Left-to-right shunts in 
patent foramen ovale, septal defects, common 
ventricle, and other malformations, may in- 
volve large increases in blood flow through 

Bronchia! 

Arietta! 



Figure XV-45. Schunia of Uic course of the urciiU- 
lion when an ertensite coifatcr.ii circulation fius do- 
>cIoped, as suggested by the obserMitioiis of Figures 
XV-42 lo 44 in a patient witli chronic fibrosing pul- 
monary disease (bronchiectasis) insotving ail seg- 
ments of the left side. Tlic collateral brandies from 
the aorta arc indicated as a single trunk distnbuUng 
Its blood through (he anastomotic channel into the 
pulmonary artery. Some blood is impelled by tbc 
higher pressure m die collateral channels and die 
greater pcnphcr.nl resistance in the diseased lung to 
fkm'. in reserse, toward the hiluin; some may be dis- 
tributed through the remaining capillaries tii be 
recirculated to tbc left side of the heart; this latter 
flow is a burden solely upon the Uft side of the heart. 
(Figures XV~11 to 44 from Liebow cf al. ISiSOj.) 
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the lungs. Drainage of one lung into tlie right 
side of the heart or its major tributaries, when 
occurring as an isolated anomaly, is usually 
\vell tolerated by the other lung. Less in the 
way of quantitative data is available regard- 
ing pulmonary blood flow in such anomalies 
as common ventricle, aortic atresia, or the in- 
fantile tyiJc of coarctation, where lire right 
ventricle performs tlie work of a systemic ven- 
tricle or the pulmonary arteries are subjected 
to systemic pressure. Under tliese circum- 
stances, there is usually a high pulmonary ar- 
teriolar resistance, and there may also be a 
large flow. It is remarkable tliat patients with 
truncus arteriosus may survive into adulthood 
with little evidence of disability (Christcller, 
1916-18). 


Hie parameters of flow and pressure have 
usually been measured at rest and flows as 
large as 8 liters or even more per square meter 
of body surface per minute, c.g., in patent 
ductus arteriosus, may occur at nonnal pulmo- 
nary arterial pressure. Ultimately, vascular 
changes take place and these are sometinjcs 
extreme and not different from those to be 
seen in primary pulmonarj' hypertension. 

Exactly ho«’ these changes are produced is a 
mailer for conjecture at the present time, it may 
be tliat they result from episodic sliarp rises in 
pulmonary arterial blood pressure, occasi'oneil by 
toireiitial increases in blood flow upon stress, or 
by increased resistance from atlcriolat spasm, or 
possibly by other means even less svell under- 
stood. 


3, PATHOGENETIC FACTORS IN SOME TYPES OF 
COR PULMONALE 


It may be of interest to consider the inter- 
play of tlie various mechanisms just discussed 
in a number of conditions to which the term 
cardiopuhnonartj may be applied. Some of 
these are selected from a list of diseases as- 
sociated wth cor pulmonale (Table XV-3). 

This list varies depending upon definitions 
and in part on the population from which tJje 
material is drawn. Emphysema is outstand- 
ing, and bronchiectasis in most listings is per- 
haps second, althougji fat beliind the first. 


TABLE XV.3 

Diseases Associated wth Cor Pulmonale 
(Based on Autopsy Material) 



Scoil anJ 

Spam and 
Handler 

{ 1946 ) 

Span and 
Gray it 1 

MtKeown 

\ U 952 ) 


1 31* 

1 

1 19 

39 

Bronchiectasis 











\l 

2 




1 1 



/ 






emboU 





Metastatic 





carcinoma 










sclerosis 










Kyphoscoliosis. 




4 


Unknown ■ J ! S- 

• The digi^ hr the tabic indicate numbers of pa- 
tients. 


Data from Griggs and associates (1939) are 
similar, although recorded in a somewliat dif- 
ferent way. Kj’phoscoliosis will bo analyzed, 
although it is uncommoti; when it does occur 
in severe form, it is ultimately often associated 
with cor pulmonale. Finally, mitral stenosis 
will be discussed as an example of a cardiac 
condition wilh important pulmonary compli- 
cations. Each of these will be briefly outlined 
within the framework constructed in tlie pre- 
ceding sections. 

TABLE XV-4 

Pathogenetic Factors in Empli>sema 

I. Traction 

A. “Compensatory” to 

1. Atelectasis 

2. Fibrosis 

3. Surgical ablation of lung tissue 

B. To enlargement of Uie thorax 

II. Obstruction of air passages (diffuse or focal) by 

A. Mucus 

B. Muscle spasm 

C. Muscle hyperplasia(?) 

D. Fibrosis of broncluolcs 

1. Mural 

2. Intraluminal 

E. By stretching and distortion as bullae enlarge 

III. Destruction by 

A. Nwrrosis or atrophy 

B. Tension beyond obstruction (?) 

IV. “Loss of elasticity" (?) 
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Pulmonary Empbijsema 
For present purposes, pulmonary emphy- 
sema will be defined as any condition witli 
persistent hyperexpansion of distal air spaces. 
An attempt at logical discussion, however, is 
plagued by uncertainties of usage, by lack of 
knowledge regarding the pathogenesis in the 
individual case, and by the difficulties in de- 
termining tile extent of the process and of co- 
existing lesions such as pulmonary fibrosis 
(Kountz and Alexander, 193-1; West et al., 
1951; Ebert, 1956). It is certain, however, 
that a relatively slight degree of diffuse em- 
physema, especially if there is a factor of ob- 
struction of the bronchioles, is enormously 
more significant functionally than an ana- 
tomically impressive but focal bullous form 
(Spain and Handler, 1946, Gough et al., 
1952). Bullae may, however, become impor- 
tant if tliey are large enough to compress nor- 
mal parenchyma. 

Some diverse pathogenetic factors may be 
listed, and these can be only briefly discussed 
(Table XV-4). 

I. TIIACTION 

Atelectasis or fibrosis of one part of the 
lung is compensated in other parts by over- 


EXPIRATION INSPIRATION 

Figure XV-4G Pumping effect of respiratory 
niovcinents. In tliis scliema, die lung is ton- 
cened to consist of clastic fibers {c.g., 1 and 2) 
that are always on stretch; diercfore, they exert 
a pull against the \«alls of any structure such 
as a vessel (S). With inspiration, the 
becomes greater witli a tendency to enlarge S. 
Since the vessels are filled vvidi blood, an indis- 
tcnsible fluid, this enlargement can occur only 
by greater filling; hence, by die pumping action 
of the respiratory niovcincnls, the lungs serve 
as an "accessory heart.” 


e^qiansion, chiefly of the distal air spaces, ex- 
cept insofar as tliere is a change in the total 
capacity of the thorax. Since the latter is rela- 
tively fixed, emphysema represents by far the 
major part of the spatial rearrangement. Trac- 
tion, rather than obstruction, appears to be the 
mechanism of the early focal emphysema of 
coal miners (Heppleston, 1947). 

There are some who believe that an in- 
crease in the capacity of the thorax, tliat oc- 
curs in part as a result of changes in the joints 
of the spine, is a common mechanism in the 
genesis of emphysema. This position has been 
taken by Loescheke (1921, 1928) and bis rea- 
sons have been clearly stated and well illus- 
trated. It may, however, be asked with justice 
whether the enlargement of the thorax is not 
an effect of emphysema, especially of the ob- 
structive type. 

II. OBSTRUCTION OF BRONCHIOLES 

Perhaps the most important mechanism in 
the genesis of emphysema is obstruction of 
distal air passages, with air-trapping (Figures 
XV-47 and 48). Air-trapping is easily de- 
monstrable in spirograms. Functional evi- 
dence regarding tlie mechanism and signifi- 
cance of inadequate ventilation has been pre- 
sented (West ct al., 1951, Fry ct al., 1954). 
Blocking of bronchioles by mucus or exudate 



Figure XV-t7. Portion of cast 
of distal distnbution of re- 
spiratory tree in cniphystina. 
Just bc)ond a rapidly tapering 
bFOnchiuiu ificrc is expansion 
into a labyrinth of air passages 
uhicli arc greatly distended, 
presumably Ijccausc of air- 
trapping. X2. 
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Figure XV -18. Ait-lrji)pmj' m i-<>nsc(|uciicv of a Mtiuiis t>cle 
operating in buIIou» cn)ph}Mnna As the bullae expand^ tlie 
bfoncluolos are thereby displaced and slretcbcd, and ^uifer 
a reduction uf lumen with a conseciuent greater tendency to 
air*tr.ipping. thus, furtlicr groxvtli of llie sesiclcs otxurs. Some 
of the bullae have been removed from (his east to demonstrate 
such a bronchiole (arrow). The vessels ore adieted by similar 
process and by other changes (Slightly reduced.) 


is most important during infections of the 
respiratory tract and may be reversible, al- 
tliough it is often persistent and recurrent. 
Much remains to be learned regarding fac- 
tors, including familial, that govern the na- 
ture and viscosity of “mucus.” Bronchitis and 
broncliiolitis and even pneumonitis frequently 
precede and accompany pulmonary emi>hy- 
sema. Little understood also is the role of 
the musculature in emphysema (Figures XV- 
50 and 51) which may be notably increased 
in sucli distal distribution as the walls of the 
respiratory bronchioles and alveolar ducts 
(Loescheke, 1921). This muscle may also be- 
come abundant in tlie walls of the bullae, even 
in subpleural position (Liebow et ah, 1953). 
Tlie presence of muscle and its capacity for 


spasm contribute to ano.\ia, but account for 
the beneficial effects of broncho-dilator drugs 
in some patients witli obstructive emphysema. 

The frequent presence of fibrosis (Figure XV- 
•19) with consequent rigidity and inexpansibihty 
of tlie vvalls of tlie bronchioles has been de- 
scribed by Amberson and Spain (1947) and by 
Spain and ICaufman (1953). Fleischner (1950) 
has stressed the increment m resistance to air 
flow that occurs simply from the diminution in 
diameter of small bronchioles. Functional studies 
of the enormous increase in pressure necessary to 
secure air flow, especially during expiration, in 
some subjects with emphjsema have been re- 
ported by Fry and associates (1954). 

HI. DESTRuenos 

Direct necrosis of alveolar septa witli conse- 
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quent fusion of adjacent alveoli does not ap- 
pear to be an important mechanism in the 
genesis of clu-onic emphysema. A more subtle 
atrophy of portions of alveolar walls with the 
development of pores that enlarge and create 
a confluence of air spaces has, however, been 
described. Orsos (1907) thought this process 
involved previously intact walls, whereas Sud- 
suki (1S99) described ft as an enlargement of 
the pores of Cohn. It may also be questioned 
whether this process is not the effect of the 
gaseous tension beyond an obstructive lesion 
which might compress capillaries and thus 
render the avails of distal air spaces anemic. 
Whether tliere is actually tearing of .alveoli 
has been questioned by Hartroft (1945), who 
indicated how histologic appearances suggest- 
ing tearing might be produced simply from 
the distention of the distal air spaces. It ap- 
pears probable that both factors are at work 
in the emphysematous lung witlr the result 
that like the chambered Nautilus, it comes to 
consist of more and more stately mansions. 
Tins process of continuous fusion of distal 
air passages has been well described by 
Loeschcke (1921, 1928). 

IV. LOSS OF ELASTICITY 

Much has been written, but little proof has 
been advanced that there is a truly qualita- 
tive change in the elastic substance of the Untg 
in emphysema. It is true that the total tend- 
ency of the lung to collapse and, therefore, 
the inward pull on the thoracic cage, nwy be 
reduced in emphysema. This may me.ati that 
some parts are overdistended by trapped air 
and, therefore, have the effect of space-occu- 
pying lesions. The pull may also be lessened, 
and intrapleural pressure thereby raised, by 
physical loss of elastic substance, — a quantita- 
tive, rather than a qualitative effect. 

From this analysis it appears that emphy- 
sema associated with obstruction of bronchi- 
oles has the greatest functional imimrtancc. 
Only when extremely extensive will the olircr 
forms be significant clinically, although they 
coexist with obstructive emphysema. 

Vascular Changes in Emphysema. It roust 
be admitted that .attempts to correlate lire 
parenchymal and vascular changes in pulmo- 
nary emphysema have not been particularly 



Figure .W-.W (toit). Early phase of cinphy^cina. iie- 
>om1 iIic thickened anil narrowixl bronchiole, there k 
ovcrcxpansion of the distal air pasijges (£). Inler- 
aheoUr septa are thin. Caps appear in the latter 
(arrow) to join .idjaccnt emph>scniatous aheoh in 
their peripheral distnlnitions. X 40. 

Figure XV-50 {tnlddlc). Muscular hyperplasia in ro- 
piialoT)' Lroncliioles and ahiolar ducts in cmph)seina 
Hith narrowing pruxiin.'il to cinpIi>seniatous vesicles 
(E); gaps conesponding to Uie canals of Lainlxrt are 
api«feut (arrows). X 150. 

FigurcXV-Sl (bottom). “Knobs" of iniivcle in narrow 
distal air passages leading to enipliysematous bullae 
(E). X150. 



972 


PATHOLOGY OF THE HEART 



Figure XV-52 (upper). Vascular changes in bullous 
emphysema. The walls of tlie vessels arc remarkably 
duck and die luminn narrowed to the point of oblitera- 
tion in some instances. For details see Figure XV-53 
Tliese vessels traverse or he in the wall of a large 
bulla. This is a focal change associated with the 
bullous transformation and is not indicative of diffuse 
puhnouary vascular disease. X 30. 

Figure XV-53 (lou.er). Detail of Figure XV-62, de- 
monstrating diat the diickening is largely the conse- 
quence of muscular hyperplasia and hypertrophy. The 
muscle is arranged in layers, some of which are longi- 
tudinal and chiefly intimal, and some circular and in 
the position of the media. X 12^. 


successful. Decrease in apparent vascularity 
of alveoli in. this condition was noted early 
by Isaaksohn (1871), and his observations 
were confirmed by Sudsuki (1899), Orsos 
(1907) and others. As the bullous transforma- 
tion progresses, devascularization becomes in- 
creasingly obvious. Although it has been de- 


nied that the alveoli “rupture,” they ultimately 
disappear, subtly but certainly. It may also be 
questioned whether increased inlra-alveolar 
tension is a factor in the obliteration of mi- 
nute vessels. On the contrary, some have 
postulated that the initial event is tlie loss of 
the vessels, perhaps even those derived from 
the systemic arterial side (Cudkowicz and 
Armstrong, 1953). What is needed is kmowl- 
edge of which comes first, and present indica- 
tions are that it is the parenchymal, rather 
than the vascular changes. Other observers 
have found an increase in collateral arterial 
blood supply in emphysema ( Marchand ct al., 
1950, Licbow, 1953), but this may be deter- 
mined in part by the c.xtent of such “associ- 
ated” lesions as fibrosis and bronchiectasis. 
The expansion of tlie bronchial veins and its 
possible significance have been discussed in 
the first section of lliis chapter. 

TIjc residual skeleton of larger vessels is 
remarkable for its immense mass of muscle, 
and these vessels may come to be totally ob- 
literated by the effects of muscular hyper- 
plasia (Figures XV-52 and 53). Since tWs 
obliterative process may be a focal change, 
confined to a few bullae, the peripheral re- 
sistance may not be measurably increased by 
ibis alone. Other arterioles ediibit restriction 
of tlie lumen by various other types of “scle- 
rotic” clianges. Parker (1940), in particular, 
lias stressed their focal nature. Actually such 
changes may be indicative simply of an ob- 
literation of the distal vascular bed. Some ap- 
pear to be of thromboembolic origin (Kernen 
cf al, 1958 ) . The necessity for considering tlie 
background of pulmonary vascular lesions to 
be expected in the absence of hypertension at 
a particular age has been emphasized by 
McKeown (1952). She concluded that tliese 
were only slightly accentuated by emphysema. 

In sum, it appears highly probable that 
only in rare instances are tlic iireN’crsible 
changes in the larger vessels and loss of capil- 
lary bed a prime factor in the pathogenesis 
of pulmonary hypertension in emphysema. 
This is indicated by the re\'ersibiUt>' of the 
hypertension in many patients with this con- 
dition, upon relief of anoxia, in contrast with 
those in \vhom there is massive pulmonary 
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fibrosis, as in silicosis (Harvey et al., 1951; 
Ferrer and Harvey, 1954). 

Since pulmonary arterial hypertension in 
emphysema is usually mild, necrotizing ar- 
terial lesions, “vasculitis” and fibrinoid 
changes are not commonly found. Even mod- 
erate pulmonary hypertension may, however, 
lead to cor pulmonale. 

Diminished Pumping Action of Thorax. 
When focal air-trapping occurs in emphy- 
sema, there is in some patients a decrease in 
alternating inspiratory stretch and expiratory 
relaxation of tension upon the pulmon.ary ves- 
sels. In tliat form of the disease in which giant 
bullae result from air-trapping, the com- 
pressed remaining lung tissue also is effec- 
tively immobilized. In others, however, es- 
pecially if focal fibrosis exists, a contrary 
effect may be expected, as indicated by large 
respiratory swings in the intrapleural pressure 
(Borden et al, 1950a, b. Fry et al, 1954). 

Effects of Anoxia. By and large, the great* 
est functional difficulties appear to arise in 
the diffuse form, in which obstruction of 
bronchioles is the dominant factor. Harvey 
and associates (1951) observed that, when 
the arterial blood did not become desaturated 
upon exercise in patients with emphysema, 
there was usually no pulmonary hypertension. 
Yu and associates (1953) found that the de- 
gree of pulmonary hypertension in general 
appeared to depend upon the severity of (he 
anoxia and hypercapnia; “capillary” pressure 
was not elevated. According to Borden and 
co-workers (1950a, b), the hyiJertension is 
usually moderate, the mean ranging from 15 
to 37 mm. Hg. Despite the moderate byjacr- 
tension, right-sided c.ardi.ac hypertrophy may 
be considerable — probably a reflection of the 
chronicity of the process and its recurrent ex- 
acerbations. Abundant evidence now exists 
tliat a vasospastic factor, probably induced 
by anoxia, exists in pulmonary emphysema. 
This is suggested by tlie observation that the 
pulmonary hypertension and congestive heart 
failure are gradually reversible in many pa- 
tients upon relief of the bronchlolar obstruc- 
tion and restoration of more nctirly normal 
alveolar ox>’gen tensions and systemic oxygen 
saturation (Harvey cf al., 1953). Such a vaso- 


spastic factor is frequently superimposed upon 
a diminished capillary bed and upon at least 
focally narrowed arteries Moreover, cardiac 
output is likely to be high in these individ- 
uals (McMichael and Sharpey-Schafer, 1944; 
see also Harvey et al., 1951). 

Bronchiectasis 

The mechanism of bronchiectasis appears 
to be traction accompanying the organization 
of foci of necrotizing bronchopneumonia. The 
resulting scars are centered upon broncln’oles 
that often become obliterated ( Mallory, 1948, 
Lindskog and Lsebow, 1953). As tlie scars 
contract, a pull is exerted upon the more 
proximal bronchi, which tlierefore become 
ectatic, although otherwise relatively intact. 
Tliese dilated bronchi may be sacs that end 
more or less blindly. The expanded state of 
any alveoli beyond them is maintained by 
“collateral respiration” through the pores of 
Kohn, from adjacent uninvolved parenchyma. 

Bronchiectatic tissue is supplied by vastly 
expanded bronchial arteries that come freely 
into communication with the pulmonary ar- 
teries. Such anastomoses often have a di- 
ameter of 1 mm., and sometimes exceed this 
size. Their role in shunting blood into more 
nearly normal parenchyma and in contributing 
to pulmonary arterial hypertension has been 
discussed in Part 2 of this chapter. 

The conspiring factors in (he genesis of the 
hypertension then, are: (1) a reduction of the 
capillary bed in consequence of fibrosis, (2) 
anastomoses between tlie puhnonary and 
bronchial arteries, and (3) relative immobility 
of the involved tissue witli decreased efii- 
ciency of the blood-iJumping action of tlie 
respiratory movements. 

It must be remembered that bronchiectasis 
often is associated with pulmonary emphy- 
sema and with varying degrees of massive pul- 
monary fibrosis, often elsewhere than in the 
involved segments. 

Kyphoscoliosis 

Tlie high incidence of cor pulmonale in se- 
vere kyphoscoliosis is well known (Samucls- 
son, 1952), but the mechanisms concerned arc 
probably not simple. Tliere is inevitably some 
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Figure X\'*54. The ihorav in >e\ere k^phoscobo- 
ns. The major changes consist of a great antero* 
posterior elongation, ssilh narrossing to tlie point 
of the gihbus (arrows) and, obsersely, marked 
fljnng anteriorly. 

distortion of the contents of the diorax. For 
example, the aorta may become bent at right 
angles upon itself as it is made to conform to 
the gibbus. The lungs, indeed, maintain their 
deformity upon removal from the thorax, but 
tile study of casts, even in extreme instances 
(Figures XV-54 and 53), demonstrates that 
die large vessels, at least, accommodate by 
appropriate foreshortenwg or eioijgation with- 
out obstructive angulation. In other respects, 
the casts reflect the appearance presented by 
sagittal sections of the lungs in situ as pre- 
pared by Loescheke. In tlie instance illus- 
trated here, tlie lower lobes are atelectatic as 
a consequence of confinement in the relatively 
small pyramidal space at the far postero- 
inferior angle of tlie deformed chest. On tlie 
contrary’, tlie bulk of the lung consists of the 
hypere.xpanded upper lobes. In part, tiic em- 
physema is, tlierefore, of an e.xtreme “trac- 
tion” type. In addition to the fibrous, or 
actix’e, residua of tuberculosis that may be 
common to botli the spine and lungs, patients 
with kyphoscoliosis are also knoivn to be sub- 
ject to frequent bronchopulmonary infections. 
These may' be abetted by immobility of much 
of the lung tissue, by inefBcient cough mecha- 


nisms, and possibly by broncliial deformities. 

Functional difficulties can arise from all of 
these patliologic alterations: (1) The blood 
pumping action is inefficient and resistance 
is high in the atelectatic lung; (2) it is pos- 
sible that peripheral resistance may be in- 
creased by loss of capillaries in the very long- 
standing traction emphysema; (3) infectious 
complications, particularly bronchiolitis, lead- 
ing to ultimate restriction of Uie finer air 
{passages may add a factor of tension emphy- 
sema with its mechanical consequences, as 
well as the effects of hypoxia in producing 
spasm of vessels; hypo.xia is favored also by 
inefficient xentilation associated witli the de- 
formity of the chest; (4) implicit in the fi- 
brosis resulting from the effects of the re- 
current pneumonitis are loss of effective capil- 
lary bed and development of pulmonary- 
bronchial arterial anastomoses. 

Effects of Mitral Stenosis 

Tlie segment, left atrium to pulmonary vein 
X)ro.ximal to a stenoh'c mitral valve, can be 
distended witli only a slight rise in pressure 
to accommodate a large volume of blood, 
until tile elastic limit is reached (Samnff and 
Berglund, 1952). Beyond that point, tlic 
pressure-volume curve bends sharjdy, indi- 
cating tliat a slight increment in volume will 
result in a very large increase in pressure. 
E\erctse leads sharply ia mcre^tsc the pressure 
(Hickam and Cargill, 1948). Naturally, pul- 
monary capillary pressure must exceed that 
within the pulmonary' veins. 

In contrast with the effects of a rapid rise 
in hydrostatic jiressure within the xjuhnonary’ 
capillaries, which ha\ e been discussed in Part 
1 of this chapter, a slow’ rise to 60 mm. Hg or 
more, which actually e.xceeds tlie oncotic pres- 
sure by' a factor of 2, can be tolerated with- 
out evident accumulation of inlra-alveolar 
fluid. Earlier attempts to estimate capillary 
pressure by “xN-edging” of a catheter have 
been supplemented by the direct approach to 
the atrium by transbronchial xiuncture (Alli- 
son and Linden, 1953, 1955; Allison, 1956). 
Perhaps this may be asenbed to increased tis- 
sue tension in the altered lungs, or perhaps, 
in some measure, to an accommodating 
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lymphatic drainage. 

Lungs long subject to venous hypertension 
undergo a whole series of variegated changes. 
The walls of the alveoli become thickened as 
a result of a combination of factors; collection 
of edema fluid; deposition of hemosiderin and 
fibrosis; and infiltration of cells which are 
predominantly of the mononuclear type. Re- 
current intrapulmonary hemorrhage is fre- 
quently observed, and the resulting hemo- 
siderosis may be severe. The lesions have been 
well described (Lendrum ct al., 1950). The 
blood probably comes from intensely con- 
gested venules in the bronchi as described by 
Ferguson and associates ( 1944 ) , but these are, 
in fact, largely branches of the pulmonary 
veins, although true bronchial veins that drain 
into the azygos system have also been de- 
scribed by Gilroy and co-workers (1952). 
Magarey (1951) has demonstrated in the rat 


that tile focal distribution is assumed even 
when blood is introduced experimentally by 
way of the trachea, and he has studied the 
process quantitatively. The persistence of the 
focal hemosiderosis as demonstrated in roent- 
genograms is remarkable. Hemosiderin be- 
comes enclosed within large mononuclear cells 
that are situated largely in the lumina of the 
alveoli. Ultimately, the deposition of hemo- 
siderin in the walls of the distal respiratory 
passages appears to stimulate proliferation of 
fibrous connective tissue. 

It has long been known that smooth muscle 
tends to become notably increased in the walls 
of the distal air passages of the lungs in se- 
vere mitral stenosis. This, too, may be a re- 
flection of increased tissue tension and will 
contribute to the ultimate rigidity of the lung. 

Striking vascular changes occur frequently and 
weie desenbed in some detail by Parker and 



Figure XV-55. CJ^t of the lung tlcnM-d from the k>’pho- 
bcuholic chest illu'tr.itcd in Figure XV-54. Tlic aorU (Ao) 
IS bent upon itscif, the sliarp bciid confomung to die 
apex uf die l,>phos as indicated by an arrow. The lovccr 
lobes (to the left of the sshite line) arc remarkably atelec- 
talic pyramidal jfnirturcv. Tlie upper lolw, Jioueicr, is 
markedly ocirdistcndedL both in the anteroposterior and 
ccitical axes. 
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Weiss (1930). The capillaries were dcscnbccl as 
reduced in number, and as having thicker walls 
than usual. Arteriolar lesions, especially intimal 
sclerosis and muscular thickening, Ime long l)ccn 
known and are similar to those in puhnojiary hy- 
pertension produced by a variety of otlier 
mechanisms. Heath and Whitaker (1935) ha\c in- 
dicated that their severity is in proportion to the 
degree of the arterial hypertension, but no such 
correlation with right ventricular hypertrophy has 
been found by Thomas and associates ( 1936) 
who suggest embolism as a better explanation. 
The interpretation of Evans and Short (1957) is 
that the tliick media often observed is not repre- 
sentative of a "imisculari 2 cd’’ arteriole, but of an 
arteriole in an abnormal sf.ite of contraction. Scle- 
rosis of veins has been described (Briining, 
1901). 

Only recently have the necrotizing lesions 
been attributed to the hypertension per sc, 
rather than to “rheumatic pneumonitis.'* There 
is, indeed, well-founded doubt that there Is 
such a condition, if by this is implied some 
allergic pulmonary reaction analogous to the 
tissue response in the heart, ^^ost lesions, 
called "rheumatic pneumonia” on the basis of 
clinical and roentgenograpliic signs, occur not 
during the phase of acute carditis, but rather 
in the stage of advanced heart failure in (he 
long-standing extreme "tight” mitral stenosis. 
Tlie so-called "Masson body” is certainly not 
pathognomonic of rheumatic disease. Tlic 
condition, then, is probably better interpreted 
as a superimposition of pulmonary edema, and 
acute focal vasculitis often complicated by 
thrombosis and miliary infarction of the lung 
(so-called alveolar necrosis), upon the chronic 
lesion described above. 

Since it has become possible to alleviate 
mitral stenosis surgically, the problem of “re- 
versibility” of these vascular lesions has come 
very much to the forefront Present evidence 
is conflicting. There is a suggestion that vas- 
cular spasm is an important factor here, too 
(Hickam and Cargill, 1948; Goodwin, 1956). 
This is understandable inasmuch as the pul- 
monary changes may result in anoxia. In other 
instances, however, apparently adequate sur- 
gical valvulotomy has not been attended with 
the expected relief of pulmonary hyperten- 
sion, nor of right heart failure (Holling and 


Venner, 1950). Tlie residual effects of carditis 
upon the left ventricle, or of concomitant cor- 
onary disease may, of course, have some bear- 
ing on the ultimate result of the surgery. 

In outline, the fjitjctional effects may he 
somcwliat as follows: 

1. Deficient oxygenation of blood with hy- 

poxi .1 from 

a. Cardiac failure with pulmonary 
edema ami hcmorrliage and tlieir 
products (intra-aK’coIar and inter- 
stitial) 

b. Alveolar fibrosis (all of these factors 
result in “.•jh’eolo-capilJar)’" blr>ck) 

c. Increased pulmonary rigidity (Mack 
a al, 1917) 

2. Pulmonary hypertension from 

a. Mitral stenosis itself 

b. Residual effects of carditis as it in- 
volves the left ventricle 

c. Loss of capillaries 

d. Arteriolar changes of restrictive type 

c. Hypoxia and pos.sibIy other factors 

associated wit!) arteriolar spasm 

U’lLOCVE 

A belter understanding of cardio-pulmonar)' 
disease will be gained if the intcqffay of heart 
and lungs is viewed on the broadest stage; 
then, ll>e details of narrower concepts, sucli 
as that of cor pulmonale, will be revealed in 
better perspective. At the same time, de- 
ficiencies in present understanding will be- 
come immediately apparent. Tliese defects 
result, in part, from the difficulties in assimi- 
lating and correlating existing inform.ition 
from diverse disciplines. Moreover, many 
contradictory conclusions have been reached 
by xrarious workers because of differences in 
concepts, techniques, or species under study, 
or because methods or ohserx'ations ha\ e been 
inadequate or have not been accompanied by 
necessary controls. Among the parlicukir 
needs are: 

1. A better means of estimating the ana- 
tomic extent of the respiratory surface 
and vascular bed of the lung in its x^ari- 
ous components, 

2. A thoroughgoing determination of the 
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mechanisms that are capable of induc- 
ing vasospasm in the lung; this implies 
further exploration of the autonomic 
nervous system, 

A determination of tire parameters of 
flow, pressure and time necessary to in- 
duce vascular changes in the lungs. 

An investigation of the biophysical and 
biochemical mechanisms of these 


changes, with particular reference to 
why they occur at lower pressures in the 
pulmonary arteries than in the systemic 
vessels, and 

5. An accurate study of the anatomy of 
pulmonary emphysema and of the 
pathogenesis of the various forms. 

When these are achieved, cardiopulmonary 
disease will be better understood. 
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C linicopathologic Classification. In the 
evaluation of the cardiac patient, the 
first objective is the localization of the ana- 
tomic site of the lesion into one or more of 
the following major subdivisions, i.e., pericar- 
dium, endocardium, myocardium, great blood 
vessels. After anatomic localization, the sec- 
ond aim is the determination of the etiologic 
agent and its classification in one of the fol- 
lowing broad categories of disease: (1) con- 
genital, (2) endocrine or metabolic, (3) nutri- 
tional or toxic, (4) allergic, (5) degenerative, 
(6) circulatory, (7) inflammatory, (8) trau- 
matic, (9) neoplastic, (10) functional. The 
third objective is the physiologic evaluation as 


to (a) compensation, (b) presence or absence 
of manifestations of ischemia, and ( c) rhythm. 
In this chapter, clinicopathologic correlations 
will be discussed according to the foregoing 
outline. The effort will be concentrated on the 
more common entities but will include some of 
the rare conditions. Owing to limitations of 
space, no attempt will be made to cover all 
entities, clinical conditions without accom- 
panying pathologic manifestations, such as 
the arrhythmias, and pathologic conditions 
without accomp.xnying clinical manifesta- 
tions, such as some myocardial degenerations, 
will be omitted. 


PERlCARDIUxM 


Inflaini/iathn 

Tile most important cause of pericardial 
disease is inflammation. Pericarditis is usu- 
ally accompanied by the classical laboratory 
signs and the diagnosis is established, in the 
presence of an effusion, by examination of the 
aspirated fluid. Alternative etiologic agents 
that must be brought into mind, particularly 
in the presence of hemopericardium, include 
neoplasm (page 996), trauma, infarction 


(page 1004), uremia (page 998), and those 
that cause non-inflammatory, nonbloody effu- 
sion, as in my.vedema (page 987). 

ACUTE AND SUBACUTE PERICARDITIS 

Symptoms. Pain may result from irritation 
of the parietal pericardium of the anterior 
chest wall and diaphragm, or from contiguous 
pleurisy, but is absent in many cases, because 
the entire cpicardium and much of the pari- 
eU! pericardium are insensitive. Pericardial 


[ 983 } 
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pain is generally dull and oppressi\'c, but may 
be sliar^) and stabbing. It may be distributed 
diffusely over llie precordium, may be con- 
fined to Uie retrostenial area, or referred 
to the left side uf tlie neck and slioiilder 
by way of tlie phrenic ncr^•e or to the alxlo- 
men by way of the lower inlera)stal nerves. 
Pain associated with pericarditis may simu- 
late tliat of myocardial infarction or that of 
tlie acute surgical abdomen. Dyspnea varies 
with the size and rapidity of ac'cumiilation of 
the eifusion and results chiefly from mechani- 
cal compression of the bronchial tree. Dr>' 
hacking cougji is a frequent s\7nptom, prob- 
ably of reflex origin. 

Chest Signs depend upon the character 
and amount of exudate. Fibrinous pericar- 
ditis is manifested by a superficial scratchy 
or leatlicry friction rub, usually audible in 
diastole as well as systole, but subject to 
variations in intensity and quality, ocairring 
spontaneously or induced by modifications in 
pressure of the stethoscope. Tlic friction rub 
may be evanescent or it may persist after 
development of effusion. Pericardial effusion 
may be distinguislicd from cardiac dilatation 
by the following physical signs: Tlic apical 
impulse is either absent or faint and well 
xviUiin and above the percussion border in 
pericardial eSusiun, and is usually pro- 
nounced and adjacent to the left border of 
dullness in cardiac enlargement Tlic ratio of 
absolute to relative dullness is much greater 
in pericardial effusion, because of the tend- 
ency for the distended sac to displace the 
lung from contact with the x'entral chest xx-all. 
Abnormal dullness in die second interspace 
to the left of the sternum is detectable in re- 
cumbent patients with pericardial effusion, 
because of distention of die cephalic portion 
of the sac, but is not found in uncomplicated 
cardiac enlargement. The cardiac sounds arc 
more muffled and distant in pericardial effu- 
sion and may be accompanied by a pericar- 
dial friction rub. Pericardial effusion may 
be accompanied by distinctive compression- 
signs, namely, tamponade, to be described 
below, and Ewart’s sign, consisting of dull- 
ness and bronchial breathing at the angle of 
the left scapula, resulting from compression- 


atelectasis of the left lower lobe. Tlie roent- 
gen sliadow assumes the shdi>c of a water 
Ixittle when tlie patient is erect, and is more 
globular when lie is recumbent. Fluoros- 
copy reveals diininislietl to absent pulsations 
owing to the dampening effect of the fluid. 

Canliac tamiiomilc results from elevation 
of intrapericardial pressure and conscrpienl 
interference with diastolic filling. Tlie tliief 
clinical manifestations are: (1) elevation in 
systemic venous pressure, Jis evidenced by 
enlargement of the liver and ahnonnally di- 
lated but nonpulsatile cervical veins; (2) 
shock with lacliycardia and low pulse pres- 
sure secondary to reduced cirdiac oiilpul; 
and (3) paradoxic pulse. Elevated intraperi- 
cardial pressure prevents the increase in ve- 
nous return to the right heart, whicli normally 
compensates for the greater blood-containing 
capacity of the inflated lung. Tliis imeompcn- 
sated pooling causes left heart output and 
the pulse to fade during inspiration, to in- 
crease again on expiration as blood is forced 
from the deflating lung. 

Electrocardiographic Signs arc rcfcmblo to 
underlying subepicardial myocarditis. Tlie 
acute stage, or stage of injury, is characterized 
by elevation of the US-T junctions with mono- 
phasic upright T waves in unipolar leads fac- 
ing opposite ventricular surfaces and in the 
tlircc stand.ard leads. Tlie QRS complex may 
be reduced in voltage, but is not altered in 
contour. As the lesion passes into the sub- 
acute i>hase, serial tracings reveal progressive 
return of the RS-T segments to the isoelectric 
line and increasing cove-plane inversion of 
the T waves in tlie same leads. With recovery, 
the electrocardiogram may return to normal. 

Character of the )}cricardial fluid depends 
upon the etiology. Purulent effusions result 
from infections witli pyogenic cocci; sero- 
fibrinous effusions are associated witli rheu- 
matic fever and tuberculosis; hemorrhagic 
effusions may occur in tuberculosis and in 
malignant neoplasms. 

dlBO.VlC PERlCARDrnS 

Adhesive Pericarditis, resulting in oblitera- 
tion of the pericardial cavity, and adhesive 
mediastinopericarditis, manifested by' adhe- 
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sions to the thoracic cage and surrounding 
mediastinal structures, may be asymptomatic, 
provided there is no interference with dias- 
tolic cardiac filling or constriction of tire great 
veins. Adhesions between the obliterated 
pericardial sac and the thoracic cage may be 
detectable clinically by the traction phenom- 
ena. In place of the normal systolic apical 
protrusion, there is systolic retraction of the 
soft tissues at the apex and perhaps systolic 
retraction of tire ribs and interspaces between 
apex and sternum, followed by a sharp dia- 
stolic rebound. The apex remains fixed when 
the patient shifts into the left lateral or the 
right lateral position. Systolic retraction of 
the tenth to twelfth ribs in the left dorsal 
portion of the chest wall (Broadbent’s sign) 
may result from diaphragmatic adhesions, but 
may also be associated with marked cardiac 
enlargement in the absence of pericardial 
disease. Despite these traction phenomena, 
cardiac function may remain normal as long 
as there is no interference with diastolic fill- 
ing. 

Constrictive Pericarditis limits diastolic 
ventricular relaxation and interferes with 
atrial and ventricular filling, thereby produc- 
ing chronic cardiac tamponade. The chief 
complaint is generally referable to ascites 
with associated hepatic enlargement. Dysp- 
nea is usually present on exertion. Peripheral 


edema is late in appearance and relatively 
mild in degree. Although the clinical picture 
is suggestive of cirrhosis, tlie correct diagnosis 
is revealed by marked dilatation of tlie cer- 
vical veins. The elevation in venous pressure 
is more constant and more refractory to medi- 
cation than that associated with myocardial 
failure and the dilated veins do not show the 
systolic pulsation usually present in conges- 
tive failure. Pulsus paradoxicus is almost in- 
variable and the pulse pressure is low, owing 
to reduction in systolic pressure. A small 
quiet heart is the classical finding on physical 
and roentgen examination. Pericardial calci- 
fication may be demonstrable. Tlie apical im- 
pulse, when detectable, is manifested by sys- 
tolic retraction instead of the usual outward 
thrust and fends to be fixed in position with 
change in posture. Other traction phenom- 
ena, described above, may be present but are 
less common than in nonconstrictive medias- 
tinopericarditis. In typical cases, the electro- 
cardiogram reveals inverted T waves in all 
limb-leads and in most precordial leads, asso- 
ciated with QRS complexes low in voltage, 
but normal in contour. Tliese changes are 
referable to involvement of the subepicardial 
portion of the myocardium. Atrial fibrillation 
is fairly common and is presumably the result 
of extension of the fibrosis into the atrial myo- 
cardium. 


ENDOCARDIUM 


From the anatomic standpoint, the lesions 
may be mural or valvular or botlj, or may 
involve more than one valve. Tlie most fre- 
quent cause is inflammation but other ctio- 
logic entities include congenital malforma- 
tions, circulatory lesions (valvular calcifica- 
tion. thrombotic endocarditis), trauma, and 
neoplasms. 

Congcnitfll Malformations of Heart and 
Great Vessels 

Congenital malformations may be associ- 
ated iWth anomalies in otlier parts of the 
body. Only a few of the cardiac anomalies 
of major importance will be discussed. *1110 
relation to maternal rubella early in preg- 
nancy is noteworthy. 


Patent Atrial Septum. Cyanosis is iikcly to 
be present at birth because of persistence of 
the right-to-left shunt from fetal life, but 
disappears promptly after establishment of 
postnatal pressure relationships in the two 
sides of the heart. Clubbing does not develop 
and cj'anosis is absent during most of the life 
span because the pressure is greater in the 
left than in the right atrium and the blood 
consequently flows from left to riglit. Brief 
attacks of cy’anosis may result from lransitor>' 
rcversa! of shunt, precipitated by sudden rise 
of intropulmonary pressure during coughing 
or straining; more prolonged cyanosis accom- 
panies congestive failure. Stunting of growth 
is a consequence of large defects. 

Dilatation ami hypertrophy of the right 
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atrium and ventricle. The blood shunted from 
left to right atriuin, added to tliat coming 
from the venae cavae, causes o\’er-fiIling of 
the right atrium and ventricle, resulting in 
dilatation and hypertrophy of both chambers 
and augmented right-sided output. Right ven- 
tricular hypertrophy causes abnormal systolic 
lifting of the sternum and adjoining fourth 
and fiftli costal cartilages on the left. When 
right ventricular liyperlrophy de\’eIops early 
in life, it may give rise to a chest deformity 
characterized by protrusion of the lower 
sternum and adjacent left precordium. Tlie 
right ventricular hypertrophy usually pro- 
duces diagnostic signs in leads V, and 
HV^ characterized by either a late R wave 
preceded by a small Q wave or a late R' 
wave preceded by a small brief R wave, or 
by small brief R and S waves, a late intrinsi- 
coid deflection with little or no S or S' wave, 
a depressed RS*T segment and a sliar\ily in- 
verted T wave. The right atrial hypertrophy 
may be manifested in die same leads by P 
waves 3 mm. or more in amplitude and 0.12 
second or longer in duration, and is fre- 
quenUy complicated by atrial (auricular) 
fibrillation. Mura! thrombosis is prone to oc- 
cur m die dilated right atrium and constitutes 
a source for pulmonary embolism. Pulmo- 
nary infarction or pneumonia may precipitate 
riglit heart failure and diereby alter pressure 
relationships so that subsequent emboli pass 
through die septal defect into the systemic 
circuit. 

Dilatation of the pulmonanj trunk is a con- 
sistent finding produced by the increased 
right ventricular output and is recognized at 
the bedside by an abnormally forceful and 
evtensive pulsation in die second and third 
interspaces to die left of the sternum. The 
pulsation is accompanied by a harsh systolic 
murmur and often by a systolic thrill and is 
followed by a diastolic shoch and markedly 
accentuated pulmonary second sound. The 
dilatation may reach aneurj'smal proportions 
and may be complicated by relative insuffi- 
ciency of the pulmonary valve, manifested by 
a blowing diastolic murmur in the second and 
third interspaces along die left sternal border. 
Hoarseness may be produced by pressure on 


the recurrent lar>'ngeal ner\’e. Tlie pulmonar>’ 
conus is abnormally prominent in die roent- 
genogram and the dilated pulmonary arter- 
ies cause exaggerated comma-shaped hilar 
shadows that pulsate vigorously, producing 
the “hilar dance." 'Tlie presence of a shunt 
from left to right atrium may be confinned 
on cardiac catheterization by the demonstra- 
tion of a significantly liighcr oxygen content 
in blood obtained from the right atrium than 
in blood obtained from the venae cavae. 
Anomalous entrance of a pulmonary vein into 
the riglit atrium and patent interatrial septum 
produce similar physiologic and clinical 
changes, but may be distinguished by angio- 
cardiuj^aphic visualization. 

Mitral stenoiis is a common associated le- 
sion and is usually rheumatic in etiology', but 
is occasionally the result of a congenital de- 
fect Tlie obstruction at the mitral orifice 
raises die left atrial pressure and thus faiors 
shunting of blood into the right atrium. The 
combination of mitral stenosis and atrial 
septa] defect (Lutembachcr's syndrome) pro- 
duces greater right ventricular hyiiertrophy 
and greater dilatation of the pulmonary trunk 
than either lesion by itself and hence should 
be suspected in every case with e.xaggcrated 
findings. 'The mitral stenosis is manifested by 
a rumbling diastolic murmur at the apex, 
best heard in the left lateral position, imme- 
diately after e.vercise, and is distinguished 
from uncomplicated mitral stenosis by the 
absence of the exjiected left atrial dilatation. 
The murmur simulating that of mitral stenosis 
may be audible in some cases of patent atrial 
septum in the absence of organic clianges in 
the mitral valve; die murmur will disappear 
after surgical closure of the septal defect. 

Patent Ventricular Septum is usually 
asymptomatic when it occurs as an isolated 
defect. Cyanosis and clubbing are absent, 
since blood is always shunted from die left 
to the right ventricle. Tlie shunt is usually loo 
small to affect cardiac size or function; a large 
defect may eventually produce right ventricu- 
lar dilatation and hypertrophy and dilatation 
of die pulmonary trunk- Tlie lesion is mani- 
fested by a long, harsh systolic murmur and 
usually by an associated dirill maximal in 
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the third and fourth interspaces at the left 
sterna] border. The murmur is transmitted 
widely over the precordium and into the 
interscapular area, but not into the neck. The 
diagnosis may be verified by demonstration 
of a significantly higher oxygen content in 
blood obtained from the right ventricle than 
in blood from the right atrium. Occasionally 
there is an associated complete atrioventricu* 
lar block, because of interruption of the bun- 
dle of His at the septal defect. Rarely, a high 
septal defect is accompanied by a fibrous 
band that distorts the aortic valve, producing 
insufficiency. Bacterial endocarditis is the 
commonest complication. Since the vegeta- 
tions are prone to develop at the point where 
the cross-stream strikes the right ventricular 
wall, emboli are dislodged into the lesser cir- 
culation to produce pulmonary infarction. 

Tetralogy of Fallot, Cyanosis and marhed 
clubbing of fingers and toes constitute the 
most striking features. The cyanosis is caused 
primarily by shunting of unoxygenated blood 
from the right ventricle into an overriding 
aorta and into the left ventricle througli a 
patent ventricular septum; it is intensified 
by a complicating polycythemia, secondary to 
clironic arterial oxygen-unsaturation. Cya- 
nosis rapidly deepens during exercise, as a 
result of fall in arterial oxygen saturation 
and fall in oxygen consumption per lifer of 
air ventilated through the lungs. Hyperpnea 
increases progressively during exertion, be- 
cause of increasing tissue anoxia and rising 
level of blood lactate, and dyspnea and fa- 
tigue soon necessitate termination of exercise. 
Tlie squatting or knee-chest position affords 
the greatest respiratory comfort, but ortliop- 
nea is absent. Stunting of growth is a com- 
mon sequela of chronic anoxia. Dizziness, 
syncope, epileptiform convulsions, and focal 
cerebral manifestations may occur as a result 
of cerebral anoxia or thrombosis secondary 
to polyc)’tlieniia. 

Tlie heart often appears normal in size on 
percussion and in the six-foot roentgenogram. 
Underlying right ventricular hypertrophy is 
usually manifested by abnormal systolic lift- 
ing of the sternum and of tlie adjoinins fourth 
and fiftli costal cartilages, occasionally by a 


protruding deformity of this portion of tlie 
diesh and almost alivays by diagnostic pat- 
terns in leads and Vj similar to those 
described under patent atrial septum. 

The pulmonary trunk is usually small but 
may show post-stenotic dilatation. In child- 
hood the hilar shadows are light and the 
lungs exceptionally radiolucent, but with ad- 
vancing age the vascular shadows become 
more prominent as collateral circulation in- 
creases. The classical signs of pulmonary 
stenosis consist in a harsh systolic murmur 
with associated thrill in the second and third 
interspaces at the left sternal border, begin- 
ning with the first sound, attaining maximal 
intensity by midsyslole and terminating be- 
fore the end of systole, followed by a muffled, 
split-second sound; the thrill, however, is often 
absent, the murmur is frequently soft and 
occasionally absent, because of markedl)’ re- 
duced flow through a high-grade stenosis. A 
loud, but unreduplicated, second sound of 
aortic origin may be maximal in the pulmo- 
nary area when the aorta is displaced to the 
left. A right aortic arch is present in 25 per 
cent of the cases and is recognized by inden- 
tation of the right edge of the esophagus and 
by displacement of this structure towards 
the left 

Cardiac catheterization establishes the 
diagnosis of pulmonary stenosis by demon- 
strating an elevated pressure in the right ven- 
tricle but a significantly lower pressure in the 
pulmonary trunk. Axm-to-tongue circulation 
time is shortened, owing to the right-to-left 
shunt I^lliation is achievable by the Blalock 
operation. 

Eisenmcngcr’s Complex exhibits tu’O of the 
features of tetralogy of Fallot, namely, dex- 
troposition of the aorta and liigh ventricular 
septal defect, but is distinguished by the 
absence of pulmonary stenosis and the pres- 
ence of a dilated or normal pulmonary trunk 
with increased pulmonary blood flow. Cya- 
nosis develops in later childhood and gradu- 
ally deepens; it cannot be fully accounted for 
by the degree of right-to-Icft shunt and is 
probably caused, in i>art, by progrcssii'c pul- 
monary vascular disease. The latter is accom- 
panied by increasing pulmonary hypcrlen- 
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sion, wliich often gives rise to gross liemopty 
sis. BoUi right anti left ventricular hyper- 
trophy may be demonstrable clinically. A 
harsh systolic munnur and thrill arc usually 
present at the base and may originate in 
either the dilated pulmonary* trunk or dex- 
troposed aorta, and the systolic murmur is 
often followed by a diastolic munnur along 
tile left sternal border, resulting from pulmo- 
nary and, or, aortic regurgitation. The hilar 
shadows arc prominent and may exhihit in- 
creased pulsations. 

Subaortic Stenosis is manifested by signs 
that resemble Uiose of rheumatic aortic ste- 
nosis but it is usually accompanied by an 
aortic second sound of good qindity and not 
by aortic insuificiency and is more prone to 
be associated with post-slcnotic dilatation of 
the aorta. 

Isolated Pulmonary Stenosis is manifested 
by a valvular defonnity devclopitig during 
fetid life, after septal closure. The clinical 
findings are those of right ventricular hjqicr- 
trophy, post-stenotic dilatation of the pulmo- 
nary trunk, a harsh systolic murmur with an 
associated thrill, ma.\imal in the second and 
tliird interspaces at the left sternal border 
and extending tliroughout s)stoIc, a pulmonic 
second sound tliat is absent or widely split 
and, in contrast to tetralogy of FuIIot, absence 
of cyanosis until tlie devclopnicut of right 
heart failure. Pulmonary valvulotomy consti- 
tutes a direct repair of the deformity. 

Endocardial Fibroelastosis. Tiie essential 
feature is endocardial fibrosis, which limits 
diastolic dilatation of the heart in a manner 
analogous to constrictive pericarditis. The eti- 
ology is probably congenital, but in some 
cases it is thought to be inflammatory; in otlier 
cases, anoxic. 

Patent Ductus Arteriosus is asymptomatic 
when the shunt is small. Exertional dyspnea, 
palpitation and eventual congestive failure re- 
sult from large shunts. Stunting of growth 
may also occur when the shunt is massive. 
Hoarseness is a rare complaint, referable to 
pressure of the dilated pulmonary arter)' on 
tlie recurrent laryngeal nerve. Clironic cya- 
nosis and clubbing are absent, because the 
blood flows from aorta to pulmonary trunk. 

The diagnosis is based on the demonstra- 


tion of a continuous harsh '‘inadiincry mur- 
mur," ma.\imal in tlic second interspace to 
the left of the sternum, transmitted to the 
left clavicle and interscapular area, accom- 
panied by a systolic or continuous thrill o'er 
tlie dilated pulmonary tnmk. 'flic murmur 
is accentuated late in systole and tends to 
envelop a loud pulmonic second sound. Tlie 
continuity of the murmur from systole into 
diastole merely reflects iminlcrrupled blood 
flow from aorta into the pulmonary trunk. 
TIic diastolic portion of the murmur is absent 
in infancy because of lack of suflicient pres- 
sure-gradient between the aorta and pulmo- 
nary trunk, and may be absent in older chil- 
dren and adults if the shunt is smalL Under 
these circumstances, exercise may increase 
blood flow and pressure-gradient snlficiciilly 
to convert a systolic into u continuous mur- 
mur. 

The size of the heart deiwids upon the 
magnitude of the shunt. Since a large ductus 
may slmnt 50 to 75 per cent of tlie bliKxl 
c.xpcllcd by the left \cnlricle, a twofold to 
fourfold increase in left ventricular output 
must be maintained for an adequate s> 5 temlc 
circulation. This leads to left ventricular dila* 
tation and hypertrophy. The excessive inflow 
into the pulmonar)’ trunk causes dilatation, 
manifested by widening of area of percussion 
dullness and roentgen borders in the left 
second and tliird interspaces and by abnor- 
mally prominent pulsations in tliis area. When 
Iiigli pulmonary arterial pressures arc mam- 
talncd by a large slmnt, right ventricular by* 
pcrlroijhy eventually dex'elops. Tlie oxx'gen 
content of blood obtained from the pulmo- 
nary trunk by catheterization is significantly 
higher than tliat obtained from the right x’en- 
tricle, because of influx from the aorta. 
cessive inflow into the pulmonary circuit ulti- 
mately increases pulmonary resistance and 
pulmonary xascular pressure to a point where 
it exceeds tlie aortic pressure, thereby revers- 
ing the shunt and causing c>’anosis distal 
to the communication, i.c., in the lo^v•er, as 
compared xvith the upper e.xtremilies. \Vith 
equalization of pulmonary and aortic pres- 
sures, the classical machinery-murmur disap- 
pears. 

Peripheral signs, like those of aortic insuffi- 
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ciency, are present at rest, if the shunt is 
large. These signs may be absent at rest, but 
demonstrable after exercise, if the ductus is 
small. The high pulse pressure and water- 
hammer pulse are an expression of elevation 
of the systolic pressure associated with the 
increased left ventricular output, together 
with precipitous drop in diastolic pressure 
resulting from tlie escape of considerable 
blood from the systemic circuit. 

Subacute bacterial endarteritis is the com- 
monest complication. Since vegetations are 
prone to develop in the pulmonary trunk at 
the point of impingement of the stream from 
the ductus, emboli are released into the lesser 
circulation. 

Coarctation of Aorta is often asympto- 
matic. When complaints develop, U^ey are 
usually referable to either (1) intracranial 
hypertension ( throbbing headache, dizzi- 
ness) or (2) ischemia of lower extremities 
(numbness, coldness, intermittent claudica- 
tion on walking, or delayed wound-liealing). 
Left Ventricular hypertrophy eventually be- 
comes evident on physical, roentgen or elec- 
trocardiographic examination. Bicuspid aor- 
tic valve is a common associated anomaly. 
The proximal aorta is dilated, causing a pro- 
nounced pulsation at the episternal notch. A 
systolic murmur maximal in tlie left upper 
interscapular area is a common finding, prob- 
ably arising from the turbulence in the vicin- 
ity of the coarctation. The presence of a 
stenotic lesion distal to the origin of the left 
subclavian artery is revealed by the following 
objective signs: Tlie radial pulses are force- 
ful, tile strength of the right often exceeding 
that of the left; the femoral pulses are either 
impalpable or much weaker and somewhat 
later tlian the radials, owing to tlie circuitous 
course of the blood. The brachial systolic 
pressure is abnormally elevated; the femoral 
pressure is significantly lower and may be 
subnormal. Diastolic pressures are usually 
slightly to moderately elevated, but compa- 
rable in the four extremities, reflecting a uni- 
form increase in peripheral resistance. 

Collateral arterial circulation develops 
tliTOugh anastomoses between the superior 
intercostal, scapular and internal mammary 
brandies of the subclavian arteries and the 


intercostal branches of the descending aorta 
and between the internal mammary and epi- 
^tric arteries. Tlie dilated tortuous inter- 
costal arteries are manifested by (1) visible 
or palpable pulsations, or by localized systolic 
murmurs; and (2) roentgenographic evidence 
of erosion of the lower margins of the ribs. 

Complications. Rupture of the dilated aorta 
is an important cause of death. The long- 
standing hypertension may eventuate in cere- 
bral hemorrhage or congestive failure. Sub- 
acute bacterial endocarditis may be engrafted 
on the commonly associated anomaly of bi- 
cuspid aortic valve or a comparable bacterial 
aortitis may occur at the site of coarctation. 

Inflammatory Lesions 

IIHEUMATIC vALVtmrns 

Active Rheumatic Valvulitis. During the 
course of acute rheumatic fever, changes in 
apical heart sounds may be produced by 
either acute mitral valvulitis, cardiac dilata- 
tion associated with myocarditis or extracar- 
diac factors, such as anemia. Softening ivitli 
prolongation or splitting of the first sound at 
the ape.x is a frequent early sign and may oc- 
cur as a manifestation of prolongation in 
atrioventricular conduction or myocarditis, as 
well as early mitral valvulitis. The develop- 
ment of a blowing systolic murmur at the 
apex or of significant cliange in the quality 
of a pre-existent murmur is \'ery common dur- 
ing acute rheumatic fever and may result not 
only from mitral valvulitis, but also from dila- 
tation of die mitral ring in absence of a le- 
sion of the leaflets. Tlie differentiation during 
the acute phase of the disease is often diffi- 
cult. A systolic murmur produced by acute 
inflammation of the mitral leaflet tends to 
replace the first heart sound and to extend 
through most of systole, whereas a murmur 
produced by dilatation of tlie mitral ring 
tends to follow the first sound and tenninate 
earlier, Tlie former is characteristically harsh 
or musical and uell Iransmiltcd to the a.\illa; 
the latter is typically soft, blowing and poorly 
transmitted. Often the final decision must be 
postponed until long after subsidence of all 
si^rs of rheumatic activit>’. Munnurs resulting 
from organic mitral valvulitis should persist; 
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those caused by relative mitral instifncieiicy 
should disappear. 

Tlic development of acute aortic talvuHlls, 
severe cnouj;h to cause regurgitation, is easily 
recognized by the appearance of a ca\crnous. 
blowing diastolic murmur in the third and 
fourth interspaces along the left stenial 
border. Murmurs referable to acute aortic or 
mitral valvulitis, which de\elop or undergo 
modifications during the course of acute 
rheumatic fever, may occur not oi»Iy as a 
manifestation of acute rheumatic valvulitis, 
but also us a result of sui>erimpused bacterial 
endocarditis. Tile latter is diagnosed in the 
presence of c'omplic-ating systemic embolism 
and the etiologic agent is identified by blood 
culture. 

Chronic (Inactive) llhcumutic Valvulitis is 
the end-result of healing of the acute inilam- 
malory lesions by fibroblastic ingrowth and 
gradual fannation of scar tissue.* Compa- 
rable defonnitics arc prone to develop in the 
atrioventricular and aortic valves during the 
healing process. Tlic rcgurgit<iltun resulting 
from defective apposition of the acutely in- 
flamed leaflets becomes permanently es- 
tablished as the healing causes retraction, and 
eventually becomes complicated by stenosis 
as the scar tissue causes liiickcning, stiifening 
and fusion of the leaflets. Tims, the healing of 
rheumatic valvulitis tends to produce ulti- 
mately a combination of insufficiency and ste- 
nosis; however, all gradations are observed 
both clinically and pathologically from a 
simple insufficiency to a relatively pure ste- 
nosis. Tl\c lesion is most common in and often 
limited to the mitral valve; aortic valvulitis is 
next most common; tricuspid valvulitis is 
much less frequent and is almost invariably 
accompanied by mitral stenosis. Lesions of 
the pulmonary valve are e.vtremely rare. 
Clinicopathologic correlations will be made 
for each valve separately; multi-valvular le- 
sions tend to produce summation-effects. 

Chronic mitral valculitis. Mild lesions may 

• Inasmuch as the AschoiF body is the only accept- 
able pathologic enterion for rheumatic infection, old 
endocarditis wliich resembles that following rheumatic 
fever should be spobem of as “endocaidilis of iheuma- 
dc t>pe," unless the Aschoff body can bo dcmonslrated 
(see pages 654 and 658). — Ed. 


merely cause mitral insulficiency; severe le- 
sions usually pnxluce combinetl insufficiency 
and stenosis, but lc.ss commonly may cause 
relatively pure insufficiency or stenosis. 

Mitral insufficicnctj. .Milml insulficiency is 
manifested by a systolic intinnur, loudest at 
the apex and transmitted towards the .ixilla. 
Org.iiiic mitral insulficienty caused by rheu- 
matic valvulitis is distingufshal from relative 
mitral insulficieiicv’ resulting from left ven- 
tricular enlargemetil by the quality and 
duration of the murmur and partiailarly hy 
its effect on the first heart sound. The mtir- 
tmir of rheumatic mitral insufficiency is char- 
aclenstieally harsh or musical and tends to 
replace (he first heart sound and to c'ontinue 
through systole, whereas th.it of relative m- 
sulficiency is typically soft and blowing, tends 
to follow the first sound and to fade in mid- 
systole. svstulic thrill Is occasionally ixilixa- 
hie at the ai>ex In rheumatic mitral insufli- 
cienev'. The degree of org.inic mitral regurgi- 
tation cannot Iw judged from the quality, in- 
tensity or duration of the mnnnur hut can 
lie estimated from the size of the left ven- 
tricle and atrium, pn>vided other causes of 
enlargement of these chambers are c.xcludcd. 
On this Ijasis, rheumatic mitral insulfitienc)’ 
may be divided into two grades, mild and 
severe. In the former, there is little reflux 
of blood into the left atrium, absence of car- 
diac enlargement, and an asymptomatic 
course, provided bacterial endocarditis does 
not develop. In llie latter, Uicrc is cunsider- 
ablc regurgitation of blood, leading to com- 
pcivsatory dihvtation and hypertrophy of l>oth 
the left Ventricle and left atrium, secondary 
Xruhnonary' congestion and right ventricular 
dilatation and hypertrophy. In practically all 
the cases with clinical evidence of marked 
organic insufficiency, some degree of stenosis 
is demonstrable at autopsy; in many of these, 
careful auscultation during life will disclose 
a short protodiastolic rumbling apical mur- 
mur which is rei^resentative of the stenosis. 

Mitral stenosis. In a number of cases, the 
dinical signs are representative of a rela- 
tiv’dy pure mitral stenosis, consisting of a 
normal-sized left ventricle, a slapping ratlvei 
than a heaving apical impulse, a snapping 
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apical first sound demonstrably delayed 
phonocardiographically ( interval between on- 
set of Q and first sound averages .06 seconds 
as compared to normal of .04 seconds), little 
or no systolic munnur, a mitral opening snap, 
and a diastolic rumble which in slow hearts 
varies m duration with the degree of mitral 
stenosis. With milder degrees of stenosis, die 
murmur is usually confined to protodiastole, 
occasionally to presystole; with moderate de- 
grees it is heard in both of these phases, but 
fades in mid-diastole; with severe degrees, it 
extends throughout diastole. The more pro- 
nounced murmurs are accompanied by a dia- 
stolic thrill. \Iild mitral stenosis (Dexters 
Stage 1, valvular area over 1.5 sq. can.) may 
be manifested by physical signs of the lesion 
but no symptoms of cardiac insufficiency at 
sedentary activity. Moderate mitral stenosis 
(Dexter's Stage 2, valvular area between 1 
and 1.5 sq. cm.) is likely to cause elevation of 
pressure in left atrium, pulmonary veins and 
capillaries at rest; and further increases in 
pressure during exercise are likely to precipi- 
tate pulmonary edema or hemoptysis. When 
the cause of the elevation in pressure is me- 
chanical obstniction of tlie mitral valve at tliis 
stage (associated with a normal left ven- 
tricular size) rather than an undiscovered 
mitral insufficiency or myocardial failure 
(associated with an enlarged left ventricle), 
the most dramatic effects are acliieved by 
mitral commissurotomy. Further progression 
to a severe mitral stenosis (Dexter’s Stage 3, 
valve area less than 1 sq. cm.) leads to fur- 
ther rise in pulmonary capillary pressure fol- 
lowed by narrowing of the pulmonary arterio- 
lar bed; at first this may be spastic, later 
sclerotic. Tlie mounting pulmonary conges- 
tion increases dyspnea at rest but the arterio- 
lar narrowing tends to protect against abrupt 
increments on attempted e.xercise and tlius 
may reduce attacks of acute pulmonary 
edema and hemoptysis. However, more se- 
vere pulmonary congestion is manifested by 
chronic pathologic changes in the lungs. The 
increased resistance from the pulmonary' ar- 
teriolar narrowing gh-cs rise to pulmonary 
hypertension, and to dilatation of tlie pulmo- 
nary trunk which is manifested by the fol- 


lowing signs in the second interspace at tlje 
left sternal border: an abnormally prominent 
systolic pulsation, a diastolic shock, a blowing 
systolic murmur and an abnormally accentu- 
ated pulmonic second sound. Severe and 
long-standing dilatation of the pulmonary 
trunk may be accompanied by relative pul- 
monary insufficiency, manifested by a caver- 
nous blowing diastolic munnur following the 
second sound in the second and third inter- 
spaces at the left sternal border, louder in the 
recumbent than in the erect position. Tliis is 
known as the Graham Steell murmur and re- 
sembles that of aortic insufficiency in quality, 
but differs in location and in postural influ- 
ence; however, it can be diagnosed only in the 
presence of marked dilatation of the pulmo- 
nary trunk together with absence of periph- 
eral signs of aortic insufficiency. 

The gradually increasing pulmonary con- 
gestion is manifested by slowly increasing 
exertional dyspnea for a long but variable 
period of time. Compensation is maintained 
titrough right ventricular dilatation and hy- 
pertrophy, the signs of which have been de- 
scribed on pages 985 and 986. 

Sudden failure may be precipitated by the 
advent of atrial fibrillation, pulmonary embo- 
lism, bronchopulmonary infection, or by acute 
myocarditis associated with recurrent rheu- 
matic fever. Clironic right ventricular failure 
is prone to occnir eventually and is usually 
gradual in development. The advent of 
chronic right ventricular failure marks the 
transition to Dexter’s Stage 4. When tlie pri- 
mary cause is mechanical obstruction of the 
mitral orifice, commissurotomy generally 
acliieves worthwhile results in Dexter’s Stage 
3 but carries a higli operative mortality rate 
in Stage 4. 

Mitral insufficiency and stenosis are ahvays 
demonstrable pathologically in long-standing 
cases of rheumatic mitral valvulitis and may 
be manifested clinically by a combination of 
signs described above under the appropriate 
headings. Tlie association of considerable re- 
gurgitation with obstruction to the mitral ori- 
fice tends to produce greater enlargement of 
the left atrium than docs pure mitral stenosis. 

As the left atrium dilates, it extends back- 
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ward and lo die riglit. Tlie enlargement of 
die left atrium dcicetahio ruentgenologl* 
cally, both by direct \isualiz.ttiun in the oh* 
li<iue pobiliun and by compression and dis* 
placement of the esophagus, llie latter ts 
occasionally siiineienlly markdl to pnxlttce 
dysphagia. In long-standing cases, the left 
atrium may reach enormous si^* and may 
form (he right buundar>' of the heart. 

Aortic foletililis. At the advent of acute 
rheumatic aortic vabiditis, a cavernous blow- 
ing diastolic munnur, best heard in the third 
and fourth interspaces along the left sternal 
border, may constitute the only clinical sign. 
As healing occurs, this munnur persists and 
tends to lengdicn in duration, to increase in 
intensity and lo be transmitted to the left 
,a.xiUa. Although audible in the second inter- 
space at the right sternal Irurder. the diastolic 
munnur of rheumatic aortic iiisulficiciicy is 
loudest along the left stcriul border. Sooner 
or later peripheral signs of aortic regurgita- 
tion appear and arc proportiuiulo to the de- 
gree of regurgitation, llie curliest evidence is 
an increase in pulse pressure which results 
primarily from lowering of di.istolic pressure, 
sccondanly from elevation of systolic pres- 
sure. Water-hammer pulsations, dniraclcrized 
by sudden impact and precipitous collapse, 
become visible and palpable in the iicriphcral 
arteries. Tlie elevation in systolic pressure is 
dispropoilion.'vtcly great in the femoral, as 
contrasted with the brachial artery, .and the 
abniptncss of the s>stoIic distention of the 
femoral artery gives rise to a pistol-shot sound 
over the vessel. Other pcriplicral signs that 
may be elicited, not only in aortic insuili- 
cicncy but also in other conditions accom- 
panied by high pulse pressure and peripheral 
arteriolar dilatation, include Duroziezs sign, 
a to-and-fro murmur heard upon application 
of pressure to a stethoscope over the femoral 
artery; and Quincke s capillary pulse, an alter- 
nate blanching and flushing of the nail bed. 
brought out during pressure against tlie tip 
of the nail. 

A systolic aortic murmur, if not xrresent 
during the acute stage, becomes audible in 
tlie second interspace at the right sternal bor- 
der and is transmitted into the neck vessels. 


As tlie valviil.ir cusps thUkeu and vtiifen, this 
munnur Inx-omcs louder, harsher, more pru- 
Innged and widely transmitted over the whole 
Xireconljuin. In the event ol death .it this 
stage, some degree of stenosis, as well as in- 
suilicieiiev', is generally demonsirahle at au- 
topsy; however, a cliniuil diagnosis of aortic 
stenosis is reserved for cas<‘s in which the 
munnur is ac'coinpauicd by a lulpahic svs- 
tolic tlmll in the second interspace at the 
riglit sternal Ixuder, or by disap]>earance or 
iiiarLed diminution of the aortic second 
sound, or by t>pical iH*tipheml signs, luunely, 
a small-pla{e;iu pulse and low pulse pressure. 
In long-standing cases of rheumatic aortic 
valvulitis, stenosis may lie the nujor or the 
only clinically demonstrable defect; however, 
some degree of associatetl hicomxx. tenet' is 
found at autopsy. During decomxH'tisation, 
lilt* llinll of aortic stenosis dbapiicaxs and the 
mitnnnr tends lo bec-ome mufilctl and sof- 
tened; hence, the di.ignusi5 may lie missed if 
the patient is not re-evamined after wmpen- 
Mtiou is resiuri'd or if he dies dining failure. 

In chronic aortic valvulitis, a svsiulic and 
iisu.illy .1 diastolic munnur are audible at the 
aiwx. Tliese murmurs are referable lo an 
associatal mitral valvulitis in the majority of 
cases, but may I>c produced at the mitral ori- 
fice in the absence of an iutrinsic lesion. A 
systolic murmur, loudest at the a{x'x and 
transinitled to the axilla, may l>e found as a 
result of relative mitral iiisuificieucy secon- 
dary to left ventricular eiilargement. A rum- 
bling ax>ica] dustolic murmur and even an 
assodated diastolic thrill, indislinguisliable 
from that of mitral stenosis, may he found 
in isolated aortic insulficieiicy. lliU i.s known 
as the Austin Flint inunmir .ind is prone to 
occur in association with incomxmlence of 
the posterior aortic cusp. Under these cir- 
cuinstaiiccs, the regurgitant stream is directed 
against the anterior leaflet of the mitral valve 
and tends lo force it closed, thereby produc- 
ing the diastolic murmur, 

BoUi aortic insullicicncy' and stenosis tend 
to produce progressive left ventricular hyper- 
trox)Iiy and dilatation, signs of whicli arc 
described on pages 999, 1000 and 1001, De- 
s^iitc die chronically increased laid on the 
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left ventricle, compensation is often main- 
tained for years. Failure is often ushered in 
abruptly either by violent exercise or with a 
paroxysm of nocturnal dyspnea. Even though 
the patient survives the initial attack of acute 
left ventricular failure, the therapeutic re- 
sponse is generally poor and at first dironic 
left, then right ventricular failure supervenes. 

Angina pectoris is present in a small per- 
centage of cases of rheumatic aortic valvulitis, 
particularly when stenosis is the predominant 
lesion. The clinical coronary insufficiency may 
be correlated U’ith independent coronary 
atherosclerosis in some cases, but occurs in 
the presence of relatively normal coronary 
arteries in others. In the latter, proper coro- 
nary filling may be hindered during systole by 
excessively high intraventricular pressure in 
aortic stenosis and may not occur during 
diastole in aortic insufficiency, as a result of 
the low diastolic pressure and regurgitation 
of blood, ordinarily available for coronary 
filling, into the left ventricle. 

Syncope is not uncommon in aortic stenosis 
and IS an expression of cerebral ischemia, 
usually because of inability of die left ven- 
tricle suddenly to augment its output, but is 
sometimes referable to a hyperactive carotid 
sinus reflex. Complete atrioventricular block 
and left bundle branch block may complicate 
rheumatic aortic valvulitis and may some- 
times be conelated with extension of calcifi- 
cation from the base of the cusps into the 
membranous portion of the septum. 

Tricuspid valcuUtis is rarely an isolated le- 
sion, but is almost invariably accompanied by 
mitral stenosis and insufficiency. Tlie clinical 
manifestations referable to the iintral valvuli- 
tis appear first and tliose of tricuspid insuffi- 
ciency become superimposed much later. 
Dyspnea decreases in severity, owing to sliift 
of blood from pulmonary to systemic circula- 
tion, exceptions to this gencraIiz.ition being 
traceable to pleural effusion or massive as- 
cites. On the other hand, cyanosis increases 
hccause of peripheral capillarj’ stasis, and is 
frequently mixed with icterus, secondary' to 
hepatic engorgement, to produce a green hue. 
Abdominal swelling from ascites is usually a 
prominent s>mptom and is generally dispro- 


portionate to edema. In this respect, tricuspid 
regurgitation bears resemblance to constric- 
tive pericarditis; the distinction is readily 
made in tJiese cases by the venous pulsatile 
phenomena and right ventricular dilatation 
and hypertrophy characteristic of tricuspid 
regurgitation. 

Elevation of venous pressure is evidenced 
by dilatation of the cervical veins in the erect 
position. Tlie distinctive feature, however, is 
a systolic venous pulsation caused by regurgi- 
tation of blood through the tricuspid orifice 
into the venae cavae, rather tlian the usual 
systolic collapse from atrial filling. Tlie sys- 
tolic pulse is well seen in the external jugular 
vein and is made out in the internal jugular 
vein by lifting of the sternomastoid muscle. 

The discharge of blood from the right ven- 
tricle into the hepatic vein produces systolic 
srvelling of the markedly enlarged liver, mani- 
fested by systolic protrusion of the right costal 
margin and a systolic expansion and descent 
of the liver edge. The rapid escape of largo 
amounts of blood from the right ventricle into 
the liver causes protrusion of the lower right 
portion of the chest and tends to produce 
apical systolic retraction because of sudden 
reduction in intrathoracic pressure. Added 
to these pulsatile phenomena is systolic pro- 
trusion of the sternum caused by the asso- 
ciated right ventricular hypertrophy and dila- 
tation. Although die foregoing signs may be 
observed during failure, as a result of relative 
tricuspid insufficiency as well as tricuspid val- 
vulitis, they tend to clear up rapidly with 
therapeutic response in the former situation, 
but persist in the latter. 

Auscultatory phenomena are of little signi- 
ficance in the diagnosis of tricuspid disease 
inasmuch as murmurs derived from the asso- 
ciated mitral valv'ulitis arc often audible in 
the tricuspid area and arc similar in quality 
to tricuspid murmurs. Tricuspid regurgitation 
tends to xiroduce a systolic murmur, loudest 
at the .xiphosternal junction. The association 
of tricuspid stenosis with mitral stenosis is 
postulated when there are two rumbling dias- 
tolic murmurs, one localized at the tricuspid 
area, the other at the apc.x. Intcnsific.ition of 
tricuspid murmurs characteristically occurs 
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during inspiration, owing to augmentation of 
right ventricular inflow during this phase of 
the respiratory cycle; on the other hand, 
mitral murmurs are louder during expiration. 
The combination of tricuspid stenosis and in- 
suIBciency may result in double pulsation in 
the cervical veins, the first impulse being 
caused by contraction of the hypertrophied 
right atrium, the second by systolic discharge 
of blood from tlie right ventricle into the 
superior vena cava. 

SYpHiunc Aonne lnsufficiency 
The principal cardiac lesions caused by 
syphilis, namely, aortic insufficiency and nar- 
rowing of the coronary ostia, represent com- 
plications of the inflammation and scarring 
of the root of the aorta. Extension of the in- 
flammation from the aorta into aortic cusps is 
responsible for rolling of the free margins of 
the latter. These processes, combined with 
dilatation of the root of the aorta from syph- 
ilis, tend to produce pure aortic incompc> 
tence. 

Clinical DUferentiation of SyphtUtic from 
Rheumatic Aortic Insuflicicncy is based 
diiefiy on (1) evidence of dilatation of the 
aorta in the former and a normal-sized aorta 
in tlie latter, and (2) signs of pure aortic re- 
gurgitation in the former, as contrasted with 
varying degrees of associated stenosis in the 
latter. Tlie dilatation of the ascendiug aorta 
that constitutes a forerunner of sj’philitic 
aortic insufficiency is first detectable roent- 
genologically and later is manifested by 
significant physical signs in die second 
interspace beyond the right sternal border, 
namely, an abnormal pulsation, percussion 
dullness, a soft blowing systolic murmur, and 
an accentuated tambour aortic second sound. 
Severe calcification of tlie ascending aorta is 
often demonstrable in the roentgenogram. 
Fusiform dilatation or saccular aneurysm of 
the arch or descending aorta may also be 
present and aids in establishing die syphilitic 
etiology of the lesion clinically. 

Significant differences in tlie character and 
distribution of murmurs associated witli 
syphilitic and rheumatic lesions of the aortic 


valve can often be made out clinically and 
can bo correlated with differences in the un- 
dcriying lesion. The systolic component of die 
murmur in syphilitic aortic iiisufiiciency is 
short and soft and represents vibration of the 
aortic walls, produced by cddy-currents set up 
in the dilated aorta; the systolic coiniionent in 
a healed rheumatic lesion is long and harsh 
and is eventually accompanied by a palpable 
thrill, representing coarse vibrations in tlie 
stiffened cusps projecting into the outflowing 
stream. On the otlierhand, the diastolic com- 
ponent of tlie murmur is generally longer and 
more intense in the syphilitic lesion, reflecting 
the greater degree of regurgitation. Further- 
more, tlie diastolic murmur in s>’phiHtic aortic 
insufficiency is \s’ell heard along tJie right ster- 
nal border and is often maximal in this area, 
as the result of tlie dilatation of the aorta to 
the right, whereas the corresponding mur- 
mur in rheumatic aortic insufficiency is poorly 
heard to the right of (ho sternum and is al- 
most invariabl)’ maximal along tlie left ster- 
nal border. 

Altliough mitral valvular lesions are not 
produced by s>-philis but arc generally pres- 
ent in patients with rheumatic aortic insuffi- 
ciency, auscultatory findings at the ape.x are 
of little help in ch'nical differentiation, be- 
cause of the fact tliat s>'philitic aortic insuffi- 
ciency produces left ventricular enlargement 
and relative mitral insufficiency and at tlie 
same time may be accompanied by a rum- 
bling diastolic (Austin-Flint) murmur at tlie 
ape.x, simulating that of mitral stenosis. The 
Austin-Flint murmur is prone to occur Avhen 
the posterior cusp is incompetent, permitting 
the regurgitant stream to strike and partially 
close the anterior mitral leaflet. Tlie rum- 
bling apical diastolic murmur thereby pro- 
duced may simulate that of organic mitral 
stenosis in qualitj', may equal or e.\ceed it m 
intensity and, indeed, may be accompanied 
by a diastolic thrill. 

The peripheral signs of sj^philitic aortic in- 
sufficiency are similar to those of rheumatic 
aortic insufficiency described on page 992, 
but are usually more pronotmeed, owing to 
the greater degree of regurgitation usually 
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associated witli syphilitic than with rheumatic 
lesions and the absence of a stenotic compo- 
nent in the former. 

Progressive left ventricular dilatation and 
hypertrophy are produced by syphilitic aortic 
insufficiency but compensation is often main- 
tained for years after appearance of the valvu- 
lar defect. Break in compensation is often 
sudden, taking the form of a severe paroxysm 
of nocturnal dyspnea or acute left ventricular 
failure during violent exertion. Even though 
compensation is restored, adequate exercise- 
tolerance is seldom regained. Left ventricular 
failure tends to recur soon and is likely to be 
followed by right ventricular failure. 

Myocardial ischemia from narrowing of the 
coronary ostia is a contributory factor towards 
the failure in some cases, A clinical diagnosis 
of myocardial ischemia is permissible, how- 
ever, only in the presence of angina jicctoris 
or electrocardiographic signs of transitory 
subendocardial injury (page 1007). Under 
these circumstances, narro\ving of the coro- 
nary ostia is generally demonstrable at au- 
topsy. 

BACTERIAL ENDOCARDITIS 
Tile subacute form is superimposed upon 
valves damaged as a result of previous in- 
flammation or congenital defects and is 
caused by growth of Streptococcus ciridans 
or of other organisms of relatively low viru- 
lence. Entrance of the causative organism 
into the blood stream and growth on the 
damaged valve may often be traced to extrac- 
tion of a footli, tonsillectomy, or urethral in- 
strumentation. The acute fonn may dcvcloi> 
on previously normal valves and is caused by 
invasion of the blood stream by pyogenic 
organisms of high virulence, such as the 
Pneumococcus; however, correlation between 
clinical and pathologic findings follows simi- 
lar patterns in tlie bvo forms of the disease. 
Tlie main features are classifiable into three 
groups: (1) constitutional signs; (2)’ c.udiac 
signs; and (3) embolic and vascular lesions. 

Constitutional Signs. Fever is the com- 
monest manifestation, but may be absent in 
terminal or very low-grade infcclinns. It is 


typically of the picket-fence type with chills 
and sweats but may be continuous or remit- 
tent. Leukocytosis is usual but not invariable. 
Progressive anemia develops and may be ac- 
companied by tenderness over the sternum 
or other bones. Clubbing of the fingers is 
generally demonstrable in the subacute form 
of the disease. A positive blood culture is an 
expected finding if no antibiotics liave been 
given. Tlie existence of bacterial endocar- 
ditis is remote in the event of three successive 
negative blood cultures, provided the blood 
specimens have been taken after a chill or an 
abrupt rise in fever. Abnormal proteins, such 
as cryoglobulins, are frequently produced. 

Cardiac Signs. When subacute bacterial 
endocarditis is engrafted on rheumatic valvu- 
litis, it is not uncommon to find, in addition to 
the old rheumatic lesions, both clinical and 
pathologic evidence of recent reactivation of 
the rheumatic valvulitis. Changes in quality 
or intensity of pre-existent murmurs are prone 
to occur in subacute bacterial endocarditis 
but are not diagnostic, since they are also 
observed as a result of acute rheumatic valvu- 
litis and extracardiac factors. Rupture of a 
valve, ulcerated by vegetations, produces par- 
ticularly dramatic clianges in the murmur. 
Acute bacterial endocarditis, during the 
course of a pyogenic infection, may be mani- 
fested by the abrupt appearance of a loud, 
rough murmur, generally systolic with mitral 
involvement and diastolic with aortic involve- 
ment. Acute bacterial endocarditis during 
the course of a pyogenic infection may be 
manifested by the abrupt appearance of a 
loud, rough murmur, generally systolic with 
mitral involvement, diastolic with aortic. 
Clinical and electrocardiographic evidence of 
complicating myocarditis (page 1012) is 
fairly common. The severe grades can be 
correlated with diffuse Inflammatory lesions at 
autopsy. Myocardial infarction may result 
from coronary cmhuhsm. 

Embolic and Vascular Manifestations. A 
wide variety of clinical and pathologic mani- 
festations result from fragmentation of the 
vegetations and dispersal through the blood 
stream of emboli ranging in size from parti- 
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cles capable of obstructing major arteries to 
particles which lodge in arterioles or capil- 
laries. Tlie systemic circuit recei\’es the em- 
boli in most cases, since the \egetations are 
generally located on the naitral and, or, aortic 
valves; pulmonar>' embolism complicates 
vegetative endocarditis of the right side of 
the heart. 

Large emboli, reaching tlie extremities, 
may produce t>’pical clinical and pathologic 
signs of arterial occlusion. Much more fre- 
quent, and therefore of greater diagnostic 
value, are the clinical signs of arteriolar and 
capUlary lesions in the skin and mucous mem- 
branes, presumably produced by minute em- 
boli or by localized capillar}' inflammation. 
Tliese consist of wlute-centered pctccliial 
hemorrhages, best made out in the conjunc- 
tiva, tender, blue-red nodules in the pads of 
the Angers and toes (Osier’s nodes), and 
splinter hemorrhages in the nail beds. 

Large emboli to the abdominal viscera give 
rise to sudden pain of a type and distribution 
characteristic of irritation of the peritoneal 
surface or capsule of die involved organ. 
Tlius, a renal embolus of sufficient size to 
produce an infarct is manifested by sharp 
pain in the loin, wliich may radiate forward 
and downward to die groin, and is accom- 
panied by hematuria. A more common renal 
manifestation is painless microscopic hema- 
turia w’idiout renal insufficiency, which may 
be correlated with focal embolic glomeruhtis. 
Acute diflfuse glomerulonephritis with edema, 
hypertension and renal insufficiency, in addi- 


tion to tlic hematuria and albuminuria, is also 
encountered, particularly late in the disease, 
when the blood culture is sterile. Tlie spleen 
is generally enlarged sufficiently to be detect- 
able by palpation. 

Cerebral embolism produces neurologic 
Andings, which can be correlated accurately 
with the site of the lesion. Meningeal irrita- 
tion with increased number of Ieukoc)tes or 
red cells in the spinal fluid is not uncommon, 
even in the absence of focal cerebral signs. 

Circulatory Leswtis 

Circulatory lesions include calcification of 
die valves and thrombotic endocarditis. Cal- 
cific aortic stenosis is usually engrafted on 
subelinical rheumatic lesions of the aortic 
valve and is manifested by similar clinical 
signs. Tlirombotic endocarditis is usually sub- 
clinical during life and is recognized at. au- 
topsy. 

Neoplasms 

Neoplasms may arise from or may lodge on 
Uve endocardium in some cases (discussed in 
section on Neoplasms) or may cause inj'uiy to 
the endocardium by a metabolic product, os 
exemplified by carcinoid tumor originating in 
the intestine or metastatic to the liver. This 
tumor may release serotonin in high enough 
concentration to produce tricuspid or pul- 
monary valvulitis, but the agent is destroyed 
in passage through tlie lungs so tliat the left 
side of the heart usually escapes damage. 


:myocardium 


The manifestations of myocardial disease 
may be either (1) associated with pn^omi- 
nant findings referable to co-existing involve- 
ment of i>ericardiiim and, or, endocardium, or 
(2) referable to a predominant or exclusive 
myocardial lesion. Tlie etiologic and clinical 
features of m\-ocardial involvement associated 
with pericardial or endocaiduil disease hax’e 
been discussed under tlie appropriate head- 
ings; the clinico-anatomic features, dinical 
and electrocardiographic manifestations and 
etiolog)' of isolated or predominant myocar- 
dial involvement will now be discussed- 


Congenital Anomalies 
Idiopathic Hypertrophy includes glyco- 
genic cardiomegaly. Tlie signs are those of 
general cardiac dilatation or hypertrophy. 

Endocrine and Metabolic Lesions 
Acromegaly is accompanied by marked 
cardiac hypertrophy, predominantly left ven- 
tricular, which is caused in part by excess of 
growth hormone, in part by associated hyper- 
tension. Coronary sclerosis is a frequent com- 
plication. 
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Cushmg’s Syndrome and Pheochromocy- 
toma may be accompanied by left ventricular 
hypertrophy because of hypertension. 

Addison’s Disease. In untreated cases, the 
heart is small, the blood pressure low. Dur- 
ing crisis, electrocardiographic signs of hyper- 
potassemia may be present. Plasma potas- 
sium levels between 7 and 9 mEq. per liter 
are accompanied by church-steeple configura- 
tion of the T waves (increased amplitude, 
narrowing of base and sharpening of apex) 
and sometimes by a lengthening of the QRS 
interval owing to the appearance of a slurred 
S wave. Progressive rise in plasma potassium 
above 9 mEq./l. is marked by loss of P waves; 
and progressive broadening of the QRS, end- 
ing in a smooth biphasic QRS-T complex. 
Overtreatment with desoxycorticoslcrone 
leads to cardiac dilatation and failure with 
electrocardiographic signs of hypopotassemia, 
namely, depression of the RS-T junctions with 
flattening or inversion of the T waves and 
lengthening of the Q-T interval. 

Hyperthyroidism increases basal oxygen re- 
quirements by i25 to 100 per cent, thereby 
necessitating a corresponding increase in car- 
diac output. In patients with coexisting heart 
disease, the increased cardiac work imposed 
by hyperthyroidism causes increased hyper- 
trophy and may precipitate failure. In most 
patients with uncomplicated hyperthyroidism, 
the heart is physiologically hyperactive, but 
anatomically normal; long-standing hyperthy- 
roidism may, however, eventually lead to 
moderate cardiac hypertrophy, but very 
rarely causes failure, in the absence of other 
forms of heart disease. 

The classical thyrotoxic cardiovascular 
symptoms and signs may occur in the pres- 
ence of an anatomically normal heart and 
are referable to physiologic cardiac hyper- 
activity and to peripheral vasodilatation. 
Tlius, the typical apical impulse is a diiluse, 
slapping, staccato movement caused by hy- 
peractivit>’, and differs from the heaving im- 
pulse of left ventricular hypertrophy in its 
rapid rise and immediate fall and in the case 
of obliteration by the palpating hand. Despite 
the diffusencss of the apical impulse, the 
heart is characteristically normal in size to 


both physical and roentgen examination. A 
sharp, snapping apical first sound and a sinus 
tachycardia at rest are other typical features 
of physiologic hyperactivity. A systolic mur- 
mur is usually audible in the second and tlrird 
interspaces at the left sternal border, because 
of dilatation of the pulmonary trunk, and a 
separate functional systolic murmur may be 
produced at the apex as a result of acceler- 
ated blood flow. Atrial fibrillation, paroxys- 
mal or persistent, is a common complication 
of chronic hyperthyroidism in the older age 
group. Elevation in pulse pressure, owing to 
a rise in systolic in the presence of a normal 
or low diastolic pressure, is a common mani- 
festation of increased cardiac output with 
peripheral vasodilatation and may be marked 
enough to give rise to a typical Corrigan 
pulse. Shortening of the circulation time is 
another classical feature. The electrocardio- 
gram is not diagnostic. 

Myxedema. The cardiac borders are wid- 
ened to left and right on percussion and 
roentgen examination; the widening may re- 
sult from cardiac enlargementfrom my,Yedem- 
atous infiltration and, or, from pericardial 
effusion. The apical impulse is usually imper- 
ceptible on physical examination and feeble on 
fluoroscopy. The heart sounds are faint and 
distant The pulse is characleristically slow 
and small in volume, reflecting the reduction 
in cardiac output, consequent upon diminished 
oxygen consumption. Effusions of high pro- 
tein content may occur into the subcutaneous 
tissue and into the pleural and peritoneal 
cavities, as well as into the pericardium, be- 
cause of increased capillary permeability. The 
classical electrocardiographic signs consist in 
low voltage of P and QRS complexes and flat- 
tening or shallow inversion of the T waves, 
and may be largely caused by either the peri- 
cardial effusion or the myocardial lesion. Ad- 
vanced sclerosis is a common complication of 
myxedema, but may be clinically asympto- 
matic until after the institution of treatment. 
Thyroid extract in proper doses causes (I) 
gradual return of the cardiac silhuiicttc to 
normal (owing to absorption of pericardial 
effusion and, or, disappearance of cardiac dil- 
atation); (2^ '-nneomitant improvement in 
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the force of cardiac contractions and pulse 
volume; ( 3 ) gradual absorption of subcutane- 
ous and serous effusion; and (4) increase in 
voltage of P and QRS complexes and change 
to upright T waves. Tliyroid e.\tract, particu- 
larly when given in large doses to myxedem- 
atous patients with coronary sclerosis, max' 
precipitate angina pectoris or myocardial in- 
farction, as the result of too abrupt an in- 
crease in demands upon the heart. 

Beriberi. Tlie underlying metabolic defect 
is a decrease in capacity to oxidize pjTuvate 
and lactate, as a result of thiamin deficiency, 
tlie underlying physiologic change is periph- 
eral arteriolar dilatation, perhaps secondary 
to accumulation of acid metabolites. Edema 
of the legs is often tlie initial symptom and 
may result in part from hypoproleinemia; 
dyspnea is often abrupt in onset and usually 
becomes severe in degree. Multiple neu- 
ropathy, if present, is mild, as severe in- 
capacitating grades tend to protect against 
cardiac failure through limitation of activity. 
Tlie effect of widespread arteriolar dilatation 
is like that of a large arteriovenous fistula in 
accelerating blood How tlirough the tissues, 
in augmenting return flow to the right ven- 
tricle, and in imposing demands upon the left 
ventricle for increased output, hence, the 
classical syndrome of right and left ventricu- 
lar dilatation, high pulse pressure, Corrigan 
pulse, and shortened circulation time. Tlie 
combination of dilatation of the atriox entricu- 
lar orifices and great vessels with increased 
velocity of blood flow results in loud liarsh 
systolic murmurs at apex and base and some- 
times in a diastolic murmur along the sternal 
border, and the condition may be mistaken 
for organic aortic insufficiency. Tiie diagnosis 
is established by tlie specific response to large 
doses of thiamine, characterized by restora- 
tion of compensation, disappearance of mur- 
murs and peripheral signs, and return of car- 
diac size to nonnal. 

Degenerative Lesion* 

Degeucralixe iinocardial lesions may pro- 
duce no physical signs until pathologic in- 
volxcmcnt is exleiisixc when they may be 
manifested by the complex of circulatory* col- 


lapse from inadequacy of left ventricular oul 
put, by intractable congestive failure or, ii 
the presence of diffuse myocardial fibrosis, b; 
refractory failure similar to tliat associate! 
with constrictive pericarditis and endocardia 
fibroelastosis. Prior to the advent of clini 
cal manifestations, electrocardiographic ab 
normalities may be present. Certain etiologi! 
tyiies of myocardial degeneration may be sus 
pected in the presence of cardiac manifesta' 
Hons or electrocardiographic abnormalities 
accompanying specific signs of tlie degenera- 
tive process in other organs, such as macro- 
glossia and skeletal muscle enlargement in the 
presence of primary amyloidosis and neuro- 
logic signs in myotonia atrophica and Fried- 
reich's ataxia. 

Collagen Diseases may cause direct cardiac 
involvement through inflammatory lesions of 
coronary arteries (e.g., polyarteritis nodosa), 
of the endocardium (Libman-Sacks syn- 
drome), the pericardium (as in lupus erj'- 
thematous), or may indirectly involve the 
heart tlirough the medium of sy'stemic or pul- 
monary hypertension (systemic lupus ery- 
thematous, polyarteritis nodosa). Tlie clinical 
manifestations are those of the cardiac lesion, 
in addition to those of the underlying collagen 
disease. 

Uremia. Tlie myocardial involvement may 
be manifested by electrocardiographic abnor- 
malities, the accompanying pericarditis by 
friction rub and occasionally by hemoperi- 
cardium. 

Cimo.MC AN'EMIA 

Chronic anemia is compensated, in part, 
through increase in cardiac output and ac- 
celeration of circulation time. To accomplish 
the excessive work in the face of reduced 
arterial oxj-gon content, dilatation and subse- 
quent hypertrophy of both ventricles occur. 
Dilatation of the great vessels and, or, the 
mitral and tricuspid rings, together with the 
accelerated blixxl flow*, protlutvs niiirniurs 
at one or more \alvular orifices that may be 
mistaken for organic valvular disease. Tlie 
commonest manifestation is a s>stoIie hhiw- 
ing murmur in the second and third inter- 
spaces along the left stcnial Iwrder (the so- 


called hemic murmur), referable to dilatation 
of tlie conus and pulmonary trunk. When dil- 
atation is great enough to cause insufficiency 
of the pulmonary valve, the systolic murmur 
ma>' be accompanied by a ca^'crnous blowing 
diastolic munnur in the same area. Compa- 
rable systolic and diastolic murmurs may 
rarely occur in uncomplicated anemia as a 
result of dilatation of tile aortic ring, the 
systolic murmur attaining maximal intensity 
in the second interspace at the right sternal 
border, the diastolic in tlie third and fourth 
interspaces along the left sternal border. A 
svstolic murmur that is loudest at the apex 
and transmitted to tlie axilla is a common 
finding in chronic anemia and is referable to 
dilatation of the mitral ring. Occasionally a 
rumbling diastolic munnur, resembling that 
of mitral stenosis, may occur in the presence 
of anemia without organic mitral valvulitis. 
Mitral and aortic diastolic murmurs are mote 
prone to occur in sickle cell anemia than m 
other etiologic types and may lead to an 
erroneous clinical diagnosis of rheumatic 
heart disease. 

The electrocardiogram in severe anemia 
may show depression of the RS-T segments 
and inversion of the T waves. These findings 
resemble tliose associated with myocardial 
ischemia from other causes and may disap- 
pear after correction of the anemia. 

MYOCAUDIAL DILATATION AND IIYPERTHOPIIY 
SYSTEMIC HYPERTENSION 

Systemic hypertension is the commonest 
cause of chronic left ventricular dilatation 
and hypertrophy. Other causes include cer- 
tain valvular defects ( aortic insufficiency, 
aortic stenosis, mitral insufficiency) and cer- 
tain lesions requiring prolonged maintenance 
of high cardiac output (chronic hypertliy- 
roidism, clironic anemia, and arteriovenous 
fistula, including not only tlie traumatic vari- 
ety, but aho those associated ivith osteitis 
deformans). As a sequel to localized myo- 
cardial injury or destruction, such as attends 
infarction or infiammation, compensatory hy- 
pertrophy of the uninjured myocardium de- 
N’elops even in the absence of lu-perlcnsion, 
vaU’ular defects or other factors that increase 


left ventricular load. The signs applicable to 
primary vascular hypertension but also to tlie 
other causes enumerated above are discussed 
under the general heading of chronic left ven- 
tricular dilatation and liypertropby, whicli es- 
sentially represents the cardiac response to a 
chronically increased left ventricular load. 

Chronic Left Ventricular Dilatation and 
Hypertrophy. Tlie commonest cause is sys- 
temic hypertension. 

Physical signs. Left ventricular dilatation 
is recognizable at the bedside by displace- 
ment of die apical impulse outward beyond 
the left midclavicular line and downward into 
the sixdi interspace or lower. Projection of 
the point of maximal intensity of the apical 
impulse more dian 1 centimeter beyond the 
midclavicular line in the fifth interspace is 
most often caused by left ventricular dilata- 
tion, but may also be produced by right ven- 
tricular enlargement or mediastinal sln'ft; die 
diagnosis is established by demonstration of 
associated left ventricular hypertrophy or by 
exclusion of tlie other causes in the course 
of the examination of the heart and lungs. 
Left ventricular hypertrophy is revealed clini- 
cally by a heaving apical impulse that lifts 
one or more ribs or causes a sustained and 
forceful protrusion of die soft tissues, which 
cannot be obliterated by the palpating hand. 
Left ventricular enlargement of sufficient de- 
gree to dilate the mitral ring is complicated 
by relative mitral insufficiency, manifested by 
a bloiving apical systolic murmur diat follows 
the first sound and is transmitted towards the 
axilla. 

Rociifgcu signs. Concentric left ventricular 
hypertrophy causes increased convexity of 
tile lower portion of the left cardiac border 
in P-A projection. As the left ventricle en- 
larges, its lower border projects downward 
into closer apposition to the diaphragm, its 
posterior border extends dorsally to fill the 
retrocarduc space, and finally its ronnded 
lateral border bulges more and more towards 
the left 

Electrocardiographic signs. Left ventricu- 
lar hypertrophy is manifested by QR e'en!- 
plexes in leads Vj, V- and, or, V^, char- 
acterized by (1) a small Q wave measuring 
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0.02 second or less from onset to nadir and 
amounting to less than 25 per cent of the 
amplitude of the succeeding upstroke; (2) a 
prominent R wave consuming 0,04 second or 
more from onset to peak and exceeding 25 
mm. in amplitude; (3) a late intrinsicoid de- 
flection, beginning more tlian 0.05 second 
after the oiiset of tlie QRS; (4) a depressed, 
upwardly conve.x RS-T segment; and (5) an 
inverted (or, less ty-pically, a flat to diplrasic) 
T wave. Tlie interx'al elapsing between onset 
and peak of the R wave and tlie amplitude 
of this deflection prowde rough indices of the 
bme required and voltage dc\‘clopod during 
passage of the impulse from endocardial to 
epicardial surface of tlie subjacent wall, the 
thicker die myocardium, the longer time con- 
sumed in inscription of die ascending limb of 
die R wa\’e and the greater die xoltage de- 
veloped. 

Sj/niptonis of }cft ventricular failure- Dysp- 
nea, the earliest symptom, is usually gradual 
in onset and progressive in development, ap- 
pearing first during exercise formerly toler- 
ated without discomfort, then during lesser 
and lesser exertion, and finally at rest Dysp- 
nea is caused chiefly by puimooary congestion, 
which makes the lungs more rigid and resist- 
ant to expansion, Uiercby increasing the mus- 
cular effort of inspiration. Tlic lessened elas- 
ticity of the congested lungs interferes with 
deflation and leads to an increase of intra- 
pleural pressure, which adds to die difficulty 
of ex-pansion. As failure increases, dyspnea 
is intensified by the need for maintaining in- 
creased minute respiratory volume to combat 
tissue anoxia, to reduce acidosis from accu- 
mulation of lactic and carbonic acids, and to 
increase dispersal of heat. Orthopnea, or la- 
bored breathing on recumbency, of sufficient 
severity to impel assumption of the erect 
position, is a cardinal symptom of left ven- 
tricular failure. Tlie development of dyspnea 
on change from sitting to recumbent position 
is traceable to several factors: (1) increased 
pulmonary congestion consequent upon shift 
of blood from abdomen to lung and upon rise 
of pulmonary- venous pressure owing to the 
necessity of lifting blood 4 to 7 centimeters 
to reach the left atrium; (2) elevation of the 


diapliragm with reduction in vital capacity: 
and (3) cerebral venous engorgement, par- 
oxysmal nocturnal dyspnea is an acute alfack 
of orthopnea, w.iking the patient after onu 
to two liours of sleep. The Iiackground for the 
attack is chronic pulmonary congestion from 
left vcnlriailar insufficiency; the events ilnr* 
ing sleep in the recumbent position that lead 
to the attack are progressive increase in pul- 
monary and bronchial congestion with com- 
plicating pulmonary edema, consetjuenl 
transfer of blood and edema-fluid from the 
systemic circuit to the lungs; the precipitat- 
ing factors that suddenly augment pulmonary 
engorgement and edema and waken llie pa* 
ticiit in acute dyspnea include niglitmafos. 
muscular movements and paroxysms of cough- 
Tlic shortness of breath persists for minutes 
to hours after assumption of tlie sitting jvosi- 
lion and is characteristically accompanied by 
cou^i. expecloralion of a ptnk, frothy 
edema-fluid and wheezing, resulting fr«ni 
bronchial congestion with siiasm and secie* 
tion of mucus. 

Cough is not only associated witli paro^^* 
ysms of nocturnal dyspnea but also tends W 
be provoked by other activities or conditio^* 
tlut produce dyspnea, such as exertion and 
recumbency. The circumstances that bring on 
cough point to pulmonary congestion, rather 
llian primary broodiial or pulmonary disease, 
as the cause. Gross hemoptysis may result 
from pulmonary- infarction or from rupture of 
an engorged vessel. 

Extracardiac signs of left ventricular fail’ 
urc. Pulmonary congestion and edema const** 
tute tlie chief manifestations. Tlie earliest 
evidence is obtained roenlgcnographically 
and consists in accentuation of hilar shadows 
and fanlike radiation towards the pcripliety 
at tlie bases; later, crackling rMes are detect- 
able at die bases and may be accompanied by 
sonorous and sibilant idles because of tb® 
presence of bronchial mucus and spasm. Do*^ 
ing acute pulmonary edema associated uitli ** 
severe paro.x>sm of nocturnal djspnea, moist 
and dry idles may be audible Uiroughout both 
lungs. Hydrothora.x may occur more ofieo 
on die left side, in the presence of isolated 
left v-entricular failure, but becomes predoiU' 
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inantly right-sided with coexistent right ven- 
tricular failure. Pulmonary emphysema de- 
velops after long-standing congestion, as a 
result of loss of elasticity. 

Cardiac signs. Left ventricular enlarge- 
ment is invariably present and tends to in- 
crease with the advent of failure. Protodias- 
tolic gallop rhythm is often audible at tiie 
apex in left ventricular failure. TJie third 
sound is the result of increased intra-atrial 
pressure, causing a more forcible opening of 
the mitral valve and inrush of blood into a 
dilated left ventricle. Accentuation of the 
pulmonic second sound occurs as a result of 
pulmonary hypertension. Tachycardia is pres- 
ent even though the patient is at physical and 
mental rest. Pulsus altemans, characterized 
by regularly spaced beats that alternate in 
force as judged by systolic pressure and pulse 
volume, is an ominous sign. 

Circulatory tests. Circulation time from 
arm to tongue is prolonged because of stasis 
in the lungs and systemic circuit. Arm-to- 
lung time and venous pressure are within 
normal limits in tlie absence of right ventricu- 
lar failure. Vital capacity is reduced. 

Acute Left Ventricular Dilatation may be 
precipitated in persons with previously nor- 
mal hearts by an acute myocardial lesion of 
ischemic, inflammatory or toxic origin, parti- 
cularly when accompanied by an abrupt in- 
crease in cardiac work consequent upon acute 
hypertension, a valvular rupture, or rapid 
intravenous administration of excessive saline 
or hypertonic solutions. Tlie frequent dis- 
crepancies between the degree of dilatation 
and the extent and severity of the histologi- 
cally demonstrable lesion may be explained 
by one or more of the following factors: 
glycogen content, electrolyte jjartition, and 
oxygen supply. The signs of left \entricular 
dilatation and complicating failure have been 
described above. 

PULMONARY HIPERTEXSION 
Chronic Right Ventricular Dilatation and 
Hypertrophy are most commonly secondary 
to left ventricular failure, but may occur as 
the primarj’ or major lesions as a result of 
the following conditions; (1) obstructive em- 


physema, extensive pulmonary fibrosis, or 
rarely diffuse pulmonary arterial obstruction 
from sclerosis or thrombo-embolism; (2) val- 
vular defects, such as marked mitral stenosis, 
pulmonary stenosis and insufficiency; and (3) 
increased return flow to the right ventricle, 
resulting from large interatrial or interven- 
tricular septal defects and acquired arterio- 
venous fistulae. 

Physical signs. The apical impulse may be 
displaced to the left of the midclavicular line 
and may exhibit systolic retraction of the soft 
tissues, if there is relative left ventricular 
atrophy, as in marked mitral stenosis. Systolic 
protrusion of the lower part of the sternum 
and the adjacent fifth, fourth and perhaps 
the third costal cartilages in a normal adult 
chest (but not in a flat chest) is indicative 
of right ventricular hypertrophy. Increased 
percussion dullness in tlie left third and right 
fourth interspaces may be found in right ven- 
tricular enlargement, but not in isolated left 
ventricular dilatation. Dilatation of the conus 
pulmonalls is manifested not only by percus- 
sion dullness in the third left interspace, but 
also by abnormal systolic pulsation and dia- 
stolic shock in the tlhrd and second inter- 
spaces, together with a systolic murmur and 
an accentuated pulmonary second sound. Evi- 
dence of tricuspid regurgitation may accom- 
pany enlargement sufficient to involve the in- 
flow tract. 

Roentgen signs. Enlargement of tlie right 
ventricle first takes place in a ventral direc- 
tion and may be detectable in the left oblique 
position when the ventrodorsal (anteropos- 
terior) diameter is normal. Tlie first evidence 
in the anteroposterior (A-P) view consists in 
increased prominence of the jiulmonary trunk 
•and conus, due in p.irt to rotation and in iiart 
to dilatation. W^ith marked enlargement, the 
cardiac shadow is widened, both to the right 
and left. 

Electrocanliographic signs. Right ventricu- 
lar hypertrophy may produce diagnostic signs 
in leads V^, namely, either a prominent 
late U wave preceded by a small Q or a late 
R' wave preceded by small brief R or S 
waves; a late intrinsicoid deflection with little 
or no S or S' wave; and a sharply inverted T 
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wave. Typically, lead Vg shows a small R 
wave, early intrinsicoid deflection and prom- 
inent S wave. This pattern is the reverse of 
that associated with left ventricular hyper- 
trophy. Otlier patterns sometimes associated 
with, but not palliognomonic of, right ven- 
tricular hypertrophy include complete and in- 
complete right bundle branch block. 

Clinical manifestations of right ventricular 
failure. Right ventricular enlargement is an 
almost invariable forerunner. Protodiastolic 
gallop in the fourth and fifth interspaces at 
the left sternal border may appear with fail- 
ure, but is less common Uian tlie analogous 
protodiastolic apical gallop associated with 
left ventricular failure. 

Elevation of venous pressure is an early 
sign and is recognized at tlie bedside by dis- 
tention of the cervical veins when the patient 
is in the sitting position. When relative tri- 
cuspid insufficiency occurs as a result of dila- 
tation of the inflow tract of die right ventricle, 
the dilated cervical veins may e.dubit pulsa- 
tion during ventricular systole in place of tlie 
usual collapse. 

Dependent subetitaneous edema appears 
about the ankles and lower portion of the 
legs, if the patient is ambulatory, and gravi- 
tates to the sacral region and dorsal aspect of 
tlie thighs, if he is bedridden; it may extend 
over the entire lower half of the body into llie 
chest wall, but does not involve die face as 
long as orthopnea is present, since the latter 
demands maintenance of die sitting position. 
The edema represents a primary renal reten- 
tion of sodium and a secondary retention of 
water and chloride, resulting from decreased 
glomerular filtration and increased tubular 
reabsorpdoD. Increased output of antidiuretic 
hormone may also contribute to tlie oliguria 
and water retention. The accumulation of 
fluid in dependent parts is the result of the 
influence of elevated venous pressure and the 
consequent increase in capillary hydrostatic 
pressure on formation of edema. Differences in 
tissue pressure also affect distribution of 
edema and account for massive accumulation 
in lax tissues and the paucity in nearby areas 
where the sldn is more firmly attached to the 
underlying fascia. Otlier factors which may 


contribute to cardiac edema include se- 
duction in colloidal osmotic pressure from 
albuminuria, reduced protein intake and syn- 
Uiesis; increased capillary permeability sec- 
ondary to anoxia; and imiiaircd lymphatic 
drainage consequent upon elevation in venous 
pressure. 

Enlargement of the liver is an early and of- 
ten a persistent manifestation. During acute 
right heart failure tlicrc is progressive descent 
of the liver, accompanied by pain, tenderness 
and voluntar>' spasm in the riglit upper quad- 
rant, during recovery tlicrc is gradual reces- 
sion towards the costal margin. Chronic riglit 
heart failure is accompanied by a persistently 
enlarged, firm, nontendcr liver. Tlie applica- 
tion of pressure to a passively congested liver 
causes increased dilatation of the cervical 
veins, because of the inability of the failing 
right heart to accommodate the increased re- 
turn flow, whereas a similar maneuver in 
other forms of hepatomegaly has no effect on 
cervical venous pressure. Impairment of he- 
patic function is usually demonstrable in 
tients with congestive failure and is attribut- 
able to ano.xia, secondary to reduced hepatic 
blood flow and stasis, jaundice is an occa- 
sional finding in patients with uncomplicated 
congestive hepatomegaly, but is likely to ap* 
pear after pulmonary infarction because of 
increased hepatic anoxia together witli aO 
excessive load of bilirubin. Anorexia and flatu- 
lence are common complaints referable to 
passive congestion of the gastrointestinal 
tract, and nausea and vomiting may accom- 
pany untreated congestive failure, as well a® 
overdigilalization. Acute abdominal pain ac- 
companied by blood in tlie stools and shocL 
dinically resembling mesenteric tlirombosiS> 
is a rare terminal event and may result from 
e.xtreme engorgement of tlie gastrointestinal 
tract vvitliout demonstrable arterial or venous 
occlusion. Ascites may complicate passive 
congestion of the liver and gastrointestinal 
tract, but is less pronounced than subcutane- 
ous edema, e.xcept when the riglit heart fail- 
ure is caused by constrictive pericarditis of 
tricuspid insufficiency. 

Dyspnea generally continues in lessened 
de^ee when right heart failure complicates 
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left failure and is no longer so likely to occur 
in nocturnal paroxysms because there is a re- 
duction in pulmonary congestion, secoiidary 
to stasis in the systemic circuit. Shortness of 
breath, on the other hand, may persist or in- 
crease in some cases, as a result of accuiniJa- 
tion of fluid in the pleural cavities. Hydro- 
thorax is more common in combined left and 
right failure than in uncomplicated left fail- 
ure, owing to interference with drainage 
through both the azygos and pulmonary 
veins, but does not accompany isolated right 
failure with normal pulmonary venous cir- 
culation. Hydrotliorax associated with com- 
bined left and right failure is characteristi- 
cally bilateral, hut more marked on the right 
because of tlie greater tendency of patients 
to lie on their right side. 

Cyanosis is an almost invariable manifesta- 
tion and tends to increase when right- 5 ided 
failure supervenes on left, because of periph- 
eral stasis which permits increased deoxy- 
genation of blood. Phlebothrombosis in the 
femoral vein or its tributaries is a common 
and important complication of peripheral 
stasis and may, in turn, lead to pulmonary 
embolism. 

Circulatory test. Arm-to-lung time and 
arm-to-tongue time are prolonged. Venous 
pressure is elevated. 

Acute Cor Pulmonale is produced by mas- 
sive pulmonary embolism, rarely by massive 
pulmonary collapse, or by rupture of an aortic 
aneurysm into the pulmonary trunk. Death 
may occur within a few minutes from cerebral 
or myocardial anoxia or secondary ventricular 
fibrillation; it may occur hours later from 
right heart failure. In fatal cases of pulmo- 
nary embolism, there is only a rough correla- 
tion between the severity of the clinical 
picture, the length of survival, and the per- 
centage of the pulmonary arterial tree found 
occluded at autopsy. Although embolic oc- 
clusion of more than 50 per cent of the pulmo- 
nary arterial bed is usually found in fatal 
cases, death may occur from smaller emboli, 
not only in debilitated, but also in robust 
persons, perhaps because of widespread reflex 
constriction of the coronary arteries and the 
nonembolized brandies of the pulmonary ar- 


teries. Hie clinical picture of massive pulmo- 
nary embolism is dramatic in onset and is 
usually characterized by sudden severe dysp- 
nea, acute retrosternal oppression and, or, 
stabbing pleural pain, intense cyanosis, sud- 
den weakness, dizziness, syncope or circula- 
tory collapse. Shock may dominate the clini- 
cal picture and may obscure both dyspnea 
and chest pain. Tlie objective signs may be 
classified into the following three groups: 

Signs of pulmonary arterial obstruction. 
During the first few hours after a single large 
embolus, there is marked cyanosis, intense 
air hunger with rapid shallow breathing, but 
little or no ahnonnality to percussion, aus- 
cultation or roentgen examination of the 
lungs. Within 12 to 24 hours, cough, hemop- 
tysis and pleural pain may appear and pulmo- 
nary infarction may be demonstrable as an 
area of consolidation, accompanied by fever 
and leukocytosis and resembling pneumonia. 
A hemorrhagic pleural effusion develops in 
some cases and jaundice may occur, espe- 
cially if right heart failure is present. 

Signs of right ventricular dilatation and fail- 
ure. Rapid dilatation of the pulmonary trunk, 
conus and right ventricle may bo demonstra- 
ble on physical or roentgen examination. The 
dilatation of the pulmonary trunk and conus 
is manifested by the following signs in the 
second and tliird interspaces at the left sternal 
border: a pronounced systolic pulsation, 
sometimes accompanied by a thrill; a loud, 
rough systolic murmur and sometimes a super- 
ficial grating sound, owing to impingement of 
the conus on the anterior chest wall; and a 
palpable and audibly accentuated pulmonic 
second sound. Tlie physical signs of right 
ventricular dilatation and failure have been 
described above. Acute right ventricular dila- 
tation and ischemia may be manifested elec- 
trocardiographically by (1) transient right 
bundle branch block, (2) displacement of the 
prccordial transitional zone to the left, and 
(3) rapidly developing and receding cove in- 
version of the T waves in the first tlirce or 
four precordial leads. Tliesc T wave patterns 
are distinguished from those associated with 
anteroseptal infarction by the fact that they 
are maximal in lead Vj or Vj and usually 
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confined to leads o\‘cr tlie riglit ventricle, by 
their more rapid evolution and by the ab- 
sence of abnormal QR defiections. 

Signs of systemic circn/ctony collapse or 
shock result from drastic reduction in left ven- 
tricular output, consequent upon obstruction 
to blood flow through the lungs. The pulse is 
rapid and thread)’, the blood pressiire low, 
and tl^c skin an ashen gray or lavender hue. 
SvTicope, coma or focal signs of cerebral an- 
oxia may be present. 

COnO.VAllY SCLOOSIS ANT) OCXXVSIO.N 

Coronary Sclerosis and Thronibosis arc 
pathologic rather than clinical entities, diag- 
nosable during life by inference based upon 
clinical findings produced by myocardial in- 
farction or ischemia. Tlius, the symptoms, 
physical and electroairdiographic signs of the 
syndrome often designated clinically by the 
term “coronary thrombosis” may bo correlated 
witli myocardial infarction, but not directly 
with coronarv' thrombosis. This svmptom com- 
plex accompanies myocardial infarction, ir- 
respective of the presence or absence of un- 
derlying coronary occlusion. On the other 
hand, when localized coronarv' narrowing is 
sufficiently gradual in development to permit 
the establishment of an adequate collateral 
circulation, an occlusion mav cause no demon- 
strable clinical manifestations or pathologic 
changes in llie myocardium. Moreover, the 
symptom complex of angina pectoris and the 
accompanying electrocardiographic cliangcs 
often ascribed to “coronary sclerosis” are ref- 
erable to acute mvocardial ischemia ratlier 
tlian to the altcradons in the walls of the coro- 
nary vessels per se. Hence, correlations will 
be made between the clinical manifestations 
and the myocardial rather tlian the coronary 
lesion. 

MYOCARDIAL LNFARCnOX 
Acute Myocardial Infarction may occur 
witliout warning, particularly when associated 
with sudden tlirombosis of a previously scle- 
rotic but patent coronary artery, or may be 
preceded by significant premonitory s>’mp- 
toms, especially when there is rapidly pro- 
gressive coronary narrow’ing sufficient to cause 


myocardial ischemia, prior to actual infarc- 
tion. Tlius the sudden development of angina 
pectoris or an abrupt increase in frequency 
and duration of pre-existent angina may herald 
an impending infarction. Tlie infarct may be 
precipitated by a sudden increase in the 
demands upon an ischemic myocardium im- 
posed by exercise or excitement or it may oc- 
cur during rest, as a result of further reduc- 
tion in blood supply by thrombosis. 

Cfinicol ..Ifoni/csfotions 

Pain is an expression of acute m>ocardial 
anoxia, as indicated clinically by its mode of 
onset and its constrictive, vise-Iikc cliaracter, 
and confirmed pathologically by the invariable 
demonstration of anoxic lesions. Tlie pain im- 
pulses are carried to the first to fourth tlio- 
racic segments by way of s>'mpalhctic affer- 
ents and arc usually referred over the somatic 
connections of the same segments to account 
for the retrosternal location and radiation into 
the medial aspect of the arm, hut may spread 
to cervical segments, resulting in a choking 
sensation in the neck*, or to lower thnradc seg- 
ments. resulting in epigastric or upper ab- 
dominal pain. In U>e latter event, the location 
of the pain, together with the commonly asso- 
cialed epigastric distention, nausea and vomit- 
ing. may lead to a false diagnosis of “acute 
surgical abdomen.” Tlio prolonged dura- 
tion of the pain and the failure of vasodilating 
agents, such as nitroglycerine, are a reflection 
of the presence of severe and often irreversi- 
ble anoxic degeneration; the pain eventually 
subsides spontaneously when the anoxic fibers 
undergo necrosis or recover)’. Tlie pain is sub- 
merged in some cases by overwhelming dysp- 
nea or shock, or it may be absent if the nerv- 
ous pathways are intemipted. 

Sudden weakness and faintness are common 
complaints; a rapid pulse of small volume, 
lowering of systolic and pulse pressures, and 
cold clammy extremities are generally demon- 
strable as manifestations of reduced left ven- 
tricular output. Profound shock from marked 
fall in cardiac output may dominate tlie clini- 
cal picture; s>’ncope or coma may result from 
transitory or prolonged cerebral iscliemia. 

Sudden dyspnea results from acute pulmo- 
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nary congestion associated with failure of the 
infarcted left ventricle and may consb'tute the 
major complaint or may be subordinate to 
pain or shock. In the former event, cough 
productive of copious pink, frothy sputum 
is often present and signs of diffuse pulmo- 
nary edema and bronchospasm are present 
(page 1000); in the latter event, crackling 
rales are demonstrable, at least at the lung 
bases. Acute pulmonary congestion throws a 
sudden load upon the right ventricle and may 
be followed by hepatic engorgement and ele- 
vation of systemic venous pressure. Acute 
pulmonary congestion is especially prone to 
precipitate right ventricular failure in patients 
with antecedent infarction or left ventricular 
failure. 

Cardiac examination usually reveals en- 
largement ( owing to antecedent left ventricu- 
lar disease-end, or, acute dilatation) and often 
discloses evidence of left ventricular failure 
(softening of the apical first sound in the 
presence of a normal second sound, proto- 
diastolic gallop, accentuation of (he pulmonic 
second sound). Pericardial friction rub is 
likely to be heard when tiiere is an extensive 
fibrinous reaction, but is often not detectable 
when pericarditis is well localized. Arrhyth- 
mias; Premature systoles are prone to arise 
from injured muscle near the boundaries of 
die infarct and, when frequent or multifocal, 
constitute a forerunner of ventricular tachy- 
cardia and, or, fibrillation. Atrioventricular 
block may complicate acute posteroseptal in- 
farction, but usually disappears during con- 
valescence. Atrial fibrillation is a fairly com- 
mon, usually transitory, complication and 
should lead one to search for evidence of atrial 
infarction, but may occur as a complication of 
infarction limited to tlie ventricles. 

Fever, leukocytosis and elevation of sedi- 
mentation rate arc manifestations of acute in- 
farction and may be utilized as indices of the 
size of tlie infarct, provided other causes arc 
excluded. 

Complications and sequelae. Systemic em- 
bolism may occur as a result of detachment of 
a mural tlurombus arising from the endocar- 
dial surface of a left ventricular infarct. Pul- 
monar>’ embolism is a common complication. 


generally originating from a phlebothrombo- 
sis in the lower extremities. Congestive fail- 
ure, present during the acute stage, may prove 
therapeutically refractory or congestive failure 
may return or appear for the first time during 
convalescence. Rupture of the outer wall of 
the heart is a common cause of sudden death 
during the first three weeks. Rupture of the 
interventricular septum may be survived 
temporarily and is recognized by the appear- 
ance of a loud, rough systolic murmur and 
accompanying thrill, maximal in the fourth 
or fifth interspace near the left sternal border. 
Ventrietdar aneurysm: During the acute .stage, 
the non-contractile infarcted myocardium 
tends to balloon out under the stress of the 
systolic intraventricular pressure; as the lesion 
heals by fibrous tissue replacement, the scar 
may continue to bulge, forming a permanent 
ventricular aneurysm. Systolic protrusion of 
an aneurysm of the anterior wall of the left 
ventricle may be manifested by an extensive 
impulse that lifts ribs or resists obliteration by 
the palpating hand. Fluoroscopic examination 
may reveal bulging and paradoxic systolic 
protrusion of a portion of the left ventricular 
wall. Shoulder-hand syndrome, consisting of 
(1) periarthritis of the left shoulder, mani- 
fested by pain, stiffness, and limitation of 
joint motion; and (2) dystrophy of the left 
hand, manifested by pain, stiffness and swell- 
ing, may develop during convalescence, be- 
c.iuse of a combination of rcllc.x muscular 
spasm, disuse and, in some cases, vasoconstric- 
tion of sympathetic origin. 

Electrocardiographic Findings 
Tracings taken with an exploring electrode 
applied to the thoracic cage or esophagus, 
paired with the Wilson central tcnninal as an 
indifferent electrode, represent chiefly the po- 
tential variations of the epicardial surface sub- 
tended by the e.xploring electrode. A suflicient 
number of such semidirect leads to cover the 
surface of the heart will provide enough evi- 
dence, not only for the establishment or exclu- 
sion of recent infarction, but also for a rough 
estimate of the distribution of the lesion be- 
tween endocardium and epicardium and its 
size and location with reference to the cardiac 
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Figure XV'I'l. Elcctrocardiograpluc Aiuling$ in anlcrolaterj) apical In* 
farcdon. 


surface. Serial electrocardiograms will per* 
jcoU an i’jilicoalp of llie a^e nf llip jnfarcL 
Electrocardiographic Estimation of the Dis- 
tribution of an Infarct Between Endocardium 
and Epicardium is based chiefly on QRS con- 
figuration, but is sometimes aided by the RS-T 
pattern in leads from the left precordium, 
axilla, back, or from tlie lower esophagus, 
stomach or left leg. M^hen tlie infarct is large, 
three concentric zones can be distinguislied 
pathologically, and usually uijon electrocar- 
diographic examination as well: (1) a central 
zone of transmural infarction, extending 
through the entire \vall from endocardium 
to epicardium; (2) a marginal zone of infarc- 
tion confined to a portion of the wall, almost 
always the subendocardial layer; and ( 3 ) an 
outlj’ing zone of ischemia, manifested by pal- 
lor and absence of histologic evidence of de- 
generation. If the infarct is small, only the 


marginal and ischemic zones may be demon- 
straUp. 

I. Fitidings in leads sublcndins a central 
zone of Iransinural infarction (Figure XVf- 1 , 
lead V3). The registration of an abnomial 
QS complex in a lead facing the epicardial 
surface of the left ventricle, ^vhich should 
normally exhibit an R wave as the major de- 
flection, constitutes evidence of transmural 
infarction of the underlying wall. If the en- 
tire tliickness of the subjacent myocardium is 
dead, tlio QS deflection has smootli descend- 
ing and ascending limbs and the T w’a\’c 
resembles that in leads facing tlie left 'fen* 
tricular cavity (aVjj) and remains E\ed in 
serial tracings. In tlie event of islands of 
acutely injured but living muscle in the more 
superficial layers of the transmural infarct, 
the QS deflection is notched or slurred, the 
^♦T complex is at first markedly elevated 
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and monophasic upright in contour and, in 
subsequent serial tracings, the RS-T junction 
gradually approaches the isoelectric line, and 
the T waves undergo progressive cove-plane 
inversion. If the central zone is small, semi- 
direct leads may fail to show a QS deflection, 
but instead may show an abnormal QR com- 
plex referable to the surrounding marginal 
zone of subendocardial infarction. 

2. Findings in leads subtending a marginal 
zone of subendocardial infarction (Figure 
XVI-1, leads .). Abnormal QR patterns 
in left ventricular leads, characterized by an 
initial downstroke 0.03 second or longer from 
onset to nadir and more than 25 per cent 
of tile amplitude of tlie succeeding R wave, 
are diagnostic of subendocardial infarction 
and are recorded at the margins of a trans- 
mural infarct, because of the tendency for 
such lesions to extend further on their endo- 
cardial than on their epicardial surface. A 
rough estimate of the relative thickness of the 
iiifarcted subendocardial and living subepi- 
cardial layers may be made from the time of 
onset to nadir of tlie Q, as compared ivith the 
time from onset to peak of R and from the 
relative amplitudes of the Q and R waves. 
Tlie state of the living subepicardial layer 
is reflected in the RS-T segments and T waves. 
Acute injury to subepicardial muscle is mani- 
fested by elevation of the RS-T segment with 
monophasic upright T wave, subsidence of the 
injury to leave residual ischemia is accom- 
panied by progressive return of the RS-T 
junction towards the isoelectric line, logellier 
with increasing cove-plane inversion of the T 
waves, decreasing ischemia and eventual re- 
covery are marked by gradual decrease in the 
depth of the inverted T waves and eventual 
replacement by normal upright T waves. Pres- 
ervation of llie overlying subepicardial layer 
in acute subendocardial infarction permits 
registration of effects of acute subendocardial 
injury, namely, abnormal depression of the 
RS-T junction in overlying leads, with gradual 
return to the isoelectric line in serial tracings. 
In the rare cases where the marginal zone is 
characterized by infarction of the subepicar- 
dial layer and preservation of the subendocar- 
dial layer, Uiq electrocardiographic findings 


resemble those of acute pericarditis (page 
984). 

3. Findings in leads subtending an outlying 
zone of ischemia (Figure XVI-1, lead Vg) are 
characterized by a normal QRS pattern, an 
isoelectric RS-T junction and cove-plane in- 
version of the T wave, with gradual return 
to normal erect T wave, as recovery occurs. 
Leads over the uninvolved wall opposite an 
infarct (Figure XVI-3, lead V^) tend to show 
patterns reciprocal to those recorded in leads 
facing the infarct, namely, exaggeration of tlie 
R wave, initial depression of the RS-T junc- 
tion and pro^essive return to the isoelectric 
line, together with increasing height of the 
erect T waves. 

Electrocardiographic Localization of the 
Infarct is based on the fact that tracings ob- 
tained through Wilson chest leads represent 
chiefly the potential variations of the epicar- 
dial surface subtended by the exploring elec- 
trode, and is made by mapping out the ana- 
tomic relationship of leads showing abnormal 
QS or QR patterns to the surface of the hesirt. 
Satisfactory correlation between the electro- 
cardiographic estimate of the size and position 
of the infarct and the pathologic findings can 
be achieved, provided a sufficient number of 
semidirect leads is available to cover the sur- 
face of the heart and to delineate the zones 
of reference of the potential variations of die 
two ventr/des. The customary positions for 
application of the exploring electrode are as 
follows: V, in the fourth interspace at- the 
right sternal border; Vj in the fourth inter- 
space at the left sternal border; V, midway 
between Vj and V 4 ; V 4 in the fifth interspace 
in the left midclavicular line; Vj g, 7 , g at 
the same horizontal level as V 4 , but in the 
vertical plane of the anterior a.\illary, mid- 
axillary, posterior axillary, scapular and para- 
vertebral lines, respectively. Since positions 
V 4 3 g, 7 are at the level of the apex, explora- 
tion of the basal aspect of the left ventricle 
requires additional high leads taken at the 
intersections of a horizontal lino at the level 
of Uie junction of tlie third interspace and 
sternum with xertical lines through the Vs. 
V 4 , V-. V,j. and Vg positions. A prerequi- 
site to the interpretation of multiple dicst 
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Figure XVI>2. Electrocardiograpliic findings {n infarction of tJm base of 
the lateral uaU of die left \cntnc)e. 


leads consists in the delineation of the transi* 
tionai zone between tlie two ventricles in the 
lower and upper ptecordium and preferably 
in the back as well. 

Tlie transitional zone serves os an index 
of the projection of tlie ventral and dorsal 
ends of the septum onto tlie chest wall, and 
thus serves as a dividing line between the 
portion of the chest receiving predootinanlly 
tile potential variations of the left ventricle 
and the portion receiving chiefly the potential 
variations of the right ventricle. When the 
transitional zone is in its usual position in the 
vicinity of lead V3 anteriorly and near the 
mid-line posteriorly, the potential variations 
recorded through precordial leads at and to 
the left q£ tlxe transitional zone (V^ and V,) 
come chiefly from the apical portion of the 
anterior wall of the left ventricle; those re- 
corded through the usual axillary leads (V^, 
Vg and Vj) come mainly from the antero- 
lateral, lateral and posterolateral aspects of 
the left apex, respectively; those recorded in 
back leads (Vg and high Vg) and the low 
esophageal leads usually come chiefly from 
the posterior wall of the left ventricle; those in 


leads from the left leg (aV,.)* stomach and 
lower part of the back (below tuelflh rib, but 
in tlie same vertical plane as V- g. a) come 
principally from the diaphragmatic surface. 
When tlie transitional zone is displaced to the 
left of tlie midclavicular line, as a result of 
dilatation of the riglit ventricle and, or, clock- 
wise rotation of the heart, Uae potential v’aria- 
tions of the anterior wall of the left I’cntricle 
are referred to the anterior a.xilla, those of the 
lateral ivall to the posterior u-xilla. The follow- 
ing description of electrocardiographic abnor- 
malities associated with the commoner sites 
of infarction is based on tlie assumption of 
normal cardiac position and would ha\e to be 
modifled, as described above, in the event of 
iRsplaoement of tlie transitioaal zone. 

1 . Infarction of the antero-opical aspect of 
the left ventricle. Small infarcts limited to the 
apical third of die anterior wail of die left 
ventricle are manifested by abnormal QR 
patterns localized to leads V3 and, or, 
Larger infarcts involving the apical half or 
more usually extend transmurally through a 
suffidendy large area to be manifested by ab- 
normal QS patterns in lead V, and, or, ^ i 
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( Figure XVI-1 ) . Continuation into the basal 
aspect of the anterior wall is indicated by ab- 
normal QR patterns in high precordial leads. 
Such lesions almost invariably extend suben- 
docardially into tlje apical third or more of 
the lateral wall, producing abnormal QR pat- 
terns in leads and V„ and generally con- 
tinue around the tip of the left ventricle into 
the posterior aspect of the apex. Extensions 
limited to the apical third of t!ie posterior wall 
are seldom recognizable in the usual chest and 
limb leads, extensions into the apical half or 
more of the posterior wall are generally mani- 
fested by abnormal QR patterns in lead aVy 
and in leads from the back below the dia- 
phragm. Practically all large antero-apical in- 
farcts continue into llie adjacent interventricu- 
lar septum and many produce QRS-T abnor- 
malities in leads to the riglit of the septum 
(Vj and Vj). A diagnostic pattern charac- 
terized by a QRS interval of 0.12 second or 
more, an abnormal Q wave and a prominent 
late R wave, an elevated RS-T segment or 
cove negative-T wave in right precordial leads 
may be correlated with transmural infarction 
of Jialf or more of the septum. A diagnostic 
pattern, characterized by a QRS interval be- 
low 0.12 second, a small Q wave, a small R 
wave and deep S wave in right precordial 
leads may be correlated xvith transmural in- 
farction of half or more of the septum. A diag- 
nostic pattern characterized by a QRS interval 
below 0.12 second, a small Q wave, a small R 
wave and deep S wave in right precordial 
leads (V, and V„ of Figure XVI-1), may be 
correlated with infarction of the left side of 
the septum. QS deflections accompanied by 
abnormal elevation of the RS-T segments in 
Vj and Vo may also be associated with septal 
infarction, but are not pathognomonic, un- 
less accompanied by typical RS-T evolution 
in serial tracings. Tlie occasional extension of 
large anterior infarcts across the septum into 
the adjacent anterior wall of the right ventri- 
cle docs not produce localizing electrocardio- 
graphic signs. 

2. Infarction of the lateral wall of the left 
ventricle. The commonest site in the lateral 
wjill is the apical one-third, but most infarcts 
in this area arc c.xtcnsions of nntcro-apical 


lesions, some are continuations of high lateral 
infarcts, a few represent extensions of pos- 
terior infarcts, and a few are primary in the 
apical portion of the lateral wall. Infarction 
confined to this area may be manifested by 
abnormal QR patterns in leads Vg and, or, Vg 
only, infarction extending into this area from 
other portions of the heart is manifested by 
abnormal QRS patterns in additional leads, 
depending upon the distribution of the re- 
mainder of the lesion. The most common 
primary infarct of the lateral wall is bullet- 
shaped with the base near the atrioventricular 
groove. Large infarcts of this type project 
sufficiently into the apical third of the lateral 
wall to produce abnormal QR patterns in Vj, 
V 4 and, or, V-; smaller infarcts, largely con- 
fined to the basal half of the lateral wall, are 
not detectable in these leads. Signs suggestive 
of high lateral infarction are often demonstra- 
ble in lead aVj,, taken with the exploring elec- 
trode on tlie left arm, but the diagnosis is 
established by abnormal QR or QS patterns 
in high axillary leads (high V.,, Vq and Vx), 
as exemplified by Figure XVI-2. 

3. Infarction of the posterior toall of the left 



Future XVI-3. ClLttrocanlioRraphic fiiiJinSk in In- 
farcbon of i)>c po^lirio/ moI] of the kft lintriclr. 
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ventricle is more likely to be missed electro- 
cardiographically than infarction of the ante- 
rior or lateral ^^’alls, because the posterior wall 
is less accessible to exploration by surface 
leads, yet more subject to variations in ana- 
tomic relations, as a result of the influence of 
tile height of the diaphragm. A portion of the 
posterior wall of one or botli ventricles rests 
on the diaphragm; tlie remainder faces lire 
posterior wall of the thorax. The major portion 
of the diaphragmatic surface of the heart is 
made up of tlie apical half of the posterior wall 
of the left ventricle when the diaphragm is low 
to normal in position and consists of right 
ventricle when tlie diaphragm is elevated. In 
the former situations (vertical to intermediate 
electrical position), lire potential variations of 
the postero-apical aspect of the left ventricle 
have the predominant influence on leads from 
points below the diaphragm (left leg, lower 
back and stomach, Figure XVI-3), whereas 
the potential x'ariations of the posterobasal 
aspect of the left ventricle are referred mainly 
to lower esophageal and back leads Vg and 
high Vg (Figure XVl-3), in the latter situa- 
tion (horizontal electrical position), tire ix)- 
tential variations of the right side of tire sep- 
tum and posterior wall of the right ventricle 
are transmitted downwards to be recorded in 
subdiaphragmatic leads, while tlrose of lire 
posterior rr^all of the left ventricle are trans- 
mitted to mid-back and high-back leads. Tlie 
most common primary infarct of the posterior 
wall takes the form of a tnmeated cone with 
base paralleling the atrioventricular groove- 
Smaller infarcts limited to the basal tliird 
of the posterior wall of the left ventricle may 
produce abnormal QR patterns in higli V, g, 
in lower esophageal leads and perhaps in V,, 
but not in low-back or left-leg leads. Larger 
infarcts extending through the middle third of 
the posterior wall will, in addition, be accom- 
panied by abnormal QR patterns in lead aVp 
and other subdiaphragmatic leads, provided 
that the heart is in vertical to intermediate po- 
sition. On the other hand, if the heart is in 
horizontal position, large posterior infarcts 
may be undetectable in lead aVp and in leads 
from stomach and Io\ver back unless they ex- 
tend sufficiently into the septum to produce 


typical patterns of septal infarction (discussed 
above) in these leads. Complete atrioven- 
tricular block may accompany massive septal 
extensions of posterobasal infarction. Con- 
tinuation of massive infarcts across the septum 
into tlie posterior wall of the right ventricle is 
fairly common, but does not significantly alter 
the electrocardiographic findings. Continua- 
tion of posterior infarcts into the basal por- 
tion of tlie lateral wall is manifested by ab- 
nonnal QR patterns in high V. and high Vg; 
continuation into tlie apical portion of tlie 
lateral wall by diagnostic signs in customar)' 
V- and V<j. Infarcts involving the apical, but 
not the basal, portion of the posterior wall 
usually represent e.xtensions of anterior in- 
farction. but are seldom recognizable electro* 
cardiographically unless they involve more 
than the apical tliird of tlic posterior wall. 

*/. Atrial infarction may be manifested by 
rapidly changing ectopic atrial rhythms, serial 
changes in contour of tlio P u'ave, or in the 
position or contour of tlie PQ segment. 

Electrocardiographic Estimation of tiie 
Age of the Infarct is based chiefly on a com- 
parison of the RS-T pattern id serial tracings. 
Recent infarction is manifested by progres- 
sive changes in RS-T segment and T waves; 
healed infarction by a fixed pattern in serial 
tracings. In recent infarction with acute sub- 
epicardial injurv', the RS-T junctions show 
abnormal elevation that clianges from day to 
day, increasing if injury spreads, receding to- 
wards the isoelectric line as it subsides; the T 
waves are at first monophasic upright, then 
show increasing inversion of their terminal 
portions, inth the disappearance of acute in- 
jury, the RS-T junction becomes stabilized, 
usually at tlie isoelectric level, and as organiza- 
tion proceeds, the T waves at first show in- 
creasing cove-plane inversion, then a much 
more gradual decrease in deptli, and finally 
may return to a nonnal upright contour. Per- 
manent fixed RS-T elevation and cove-plane 
inversion of the T waves associated with ab- 
normal QS or QR patterns occur witli healed 
infarcts that involve a sufficiently large area 
of tile wall to form ventricular aneur>'snis. The 
QRS pattern is of less help in determining age 
and often remains constant in serial tracings. 
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even though the infarct is recent or organiz- 
ing. However, significant changes in QRS 
pattern, found when adequate technical pre- 
cautions are taken to insure against variations 
in electrode position, constitute evidence of 
activity. A definite increase in duration and 
amplitude of the Q wave at tlie expense of 
the R wave at a constant electrode position 
would indicate spread of an underlying sub- 
endocardial infarct towards the epicardium; 
change from normal QRS complexes at tlie 
boundaries of the lesion to abnormal QR de- 
flections would indicate increase in area of 
infarction. On the other hand, abnormal QS 
and QR patterns found early in the stage of 
injury may show considerable increase in tlie 
R wave at the expense of tlie Q, if a portion 
of the injured myocardium recovers. 

ANGINA PECroSlS 

Angina Pectoris is a clinical syndrome, e-v 
pressive of acute myocardial ischemia. Clini- 
cal and patliologic manifestations may be 
classified into two groups, namely, those refer- 
able to acute myocardial ischemia and those 
referable to tlie underlying disease. 

Manifestations of acute myocardial ische- 
mia. Anginal pain is an expression of acute 
myocardial anoxia, as evidenced by (1) its 
strangling character; (2) its precipitation by 
factors that suddenly increase demands on 
the heart (such as exertion), by factors that 
in addition may cause reflex coronary con- 
striction ( such as intense emotion, gastric dis- 
tention or cold) or by factors that abruptly 
reduce oxygen content of arterial blood (such 
as inhalation of a mixture of 10 per cent oxy- 
gen and 90 per cent nitrogen); (3) the brief 
duration (usually less than 5 minutes), the 
prompt relief afforded by rest, by coronary 
dilators (such as nitroglycerine) or by inhala- 
tion of 100 per cent oxygen; and (4) the asso- 
ciated electrocardiographic changes. 

Electrocardiograms taken during spontane- 
ous or induced angina pectoris cliaracteris- 
tically show acute RS-T depression of one 
millimeter or more, with a downward sagging 
or horizontal ST segment, usually accom- 
panied by flattening or reversal in the T wave 
in leads overlying the ischemic area (V^-V^) 


with involvement of the anterolateral aspect 
of the left apex, V^-Vg and aVp with localiza- 
tion to tlie posterior wall, higli axillary leads 
witli ischemia high in the lateral wall. Repeat 
tracings after subsidence of the attack show 
prompt return to tlie pattern present before 
the onset of the attack. These electrocardio- 
graphic clianges are referable to acute transi- 
tory injury to the subendocardial layer, as 
evidenced by the similarity to patterns pro- 
duced in animals by mechanical, chemical or 
thermal injury confined to the subendocardial 
portion of the wall. Rarely, angina pectoris is 
accompanied by acute RS-T elevation in leads 
overlying the ischemic area, owing to subepi- 
cardial localization or transmural extension of 
the ischemia. QRS changes usually do not 
accompany brief attacks of angina pectoris 
unless tlie conduction system is involved, in 
whicli event transitory bundle branch block 
may be recorded. 

Sudden deatli may occur as a result of 
ventricular fibrillation or cardiac standstill. If 
such a catastrophe should occur in a patient 
who had never had an attack of acute myo- 
cardial ischemia lasting more tlian fifteen min- 
utes, patliologic examination might fail to 
show evidence of a myocardial lesion. In some 
cases, anginal pain and acute RS-T depression 
may last for one or more hours without clini- 
cal or electrocardiographic signs of gross in- 
farction. This syndrome has been referred to 
as "coronary failure,” in contradistinction to 
angina pectoris, on the one hand, and acute 
myocardial infarction, on the otlier. Should 
death occur during such an attack, pathologic 
examination reveals patchy myomalacia in the 
subendocardial layer, verifying the ischemic 
origin of the pain and tlie electrocardio- 
graphic localization of tlie ischemia in the sub- 
endocardial layer. 

Manifestations of the underlying disease. 
Tlie backjpround for most cases of angina pec- 
toris is marked narrowing or occlusion of one 
or more br.mchcs of the coronaries, owing to 
atherosclerosis; the underlying lesion in a 
minority is aortic valvular disease, either rheu- 
matic or calcific aortic stenosis, or s>pliilitic 
aortic insuificiencN’ witli narrowing of the 
coronary ostia. Acute m>ocardial iscliemi.! 
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rarely occurs in the absence of significant 
coronary narrowing or aortic valvular disease; 
in sucli instances tlie iscliemia may be traced 
to severe anemia from sudden massive blood 
loss, to marked arterial anoxemia from pulmo- 
nary or congenital heart disease, or to a com- 
bination of marked hypertliyroidism and 
tach>xardia. Hence, clinical establishment of 
angina pectoris constitutes presumptive but 
not patliognomonic evidence of coronary dis- 
ease. 

Infianwiatory Lesions (Myocardilis) 
There is often a lack of correlation between 
pathologic evidence of myocarditis encoun- 
tered at autopsy and clinical and electrocardio- 
graphic manifestations found during life. The 
discrepancy arises in part from die fact that 
focal patches of acute myocarditis are demon- 
strable at autopsy in a number of patients in 
whom no cardiac lesion had been suspected 
during life. Some of tliese cases ha%'e escaped 
clinical detection, despite daily observation by 
a competent cardiologist and frequent serial 
electrocardiograms employing multiple pre- 
cordial leads. The discrepancy is also ex- 
plained in part by the fact tliat some patients 
with fatal infections have had physical or 
electrocardiographic changes attributed to 
acute myocarditis during life, but have shown 
no significant pathologic changes in die heart 
at autopsy. Nonspecific cardiac signs, whicli 
may develop during the course of severe in- 
fection, not only as die result of acute myo- 
carditis, but also as a manifestation of extrane- 
ous factors, sucli as anemia, peripheral circu- 
latory collapse, and hypopotassemia, include 
the following: tachycardia disproportionate 
to fever, softening of the first sound at die 
apex, even to die point of tic-tac rhythm; a 
blowing systolic murmur at the apex; or a 
mcsodiastolic gallop rhythm, occurring at 
rates above 120. Nonspecific electrocardio- 
graphic abnormalities developing during die 
course of infection, vvliidi may be produced 
not only by myocarditis, but also by various 
metabolic abnormalities, particularly hy'popo- 
tassemia, include RS-T depression, flattening 
or inversion of die T waves, lengthening of 
the Q-T interval, and prolongation of the P-R 
interval. 


Correlation between clinical and padiologic 
findings is closer in patients with infections 
who develop myocarditis severe enough to 
threaten life. Demonstrable cardiac enlarge- 
ment developing during the course of infec- 
tion points strongly to acute myocarditis. The 
appearance of a protodiastolic gallop rhythm 
at rates below 100 in patients with severe 
acute infections also constitutes presumptive 
evidence of acute myocarditis. The develop- 
ment of congestive failure during die course 
of infection in a patient widi a previously 
normal heart, who has not received excessive 
doses of saline parenteral!)', constitutes a basis 
for a diagnosis of acute myocarditis. Shock 
(characterized by aslien-gray' cyanosis; rapid, 
thready pulse; and cold, clammy extremities) 
may occur during the course of acute infec- 
tion, as a result of severe myocarditis, or as a 
result of peripheral circulatory' collapse. In 
the former, the neck veins may be distended, 
whereas in die latter they arc collapsed. 

The following electrocardiograpliic abnor- 
malities, developing during the course of an 
acute infection, can be correlated with acute 
myocarditis: complete A-V block; high-grade 
partial A-V block; low-grade A-V block not 
abolished by atropine; bundle brancli block; 
and intraventricular conduction defects. Atrial 
fibnilation or flutter may occur as a manifes- 
tation of atrial myocarditis. 

WTien the inflammatory process reaches 
the endocardium, mural dirombi may be 
formed in one or more chambers and may be 
dislodged to act as emboli in die systemic 
and, or, pulmonary circuit. Tlie inflammatory 
process may also extend into the pericardium 
to give rise to typical signs of acute pericar- 
ditis (page 9S4), Idiopathic myocarditis is 
designated Fiedler’s myocarditis and may be 
associated with endocarditis and sometimes 
with pericarditis. 

Chronic infectious granulomas of tubercu- 
losis and die m)’coses, and sarcoidosis may oc- 
casionally develop in the myocardium but are 
usually undetected clinically unless numerous 
or large, or unless they undergo supiiuration 
and break into die pericardium or tlirough the 
endocardium. 

The patchy acute myocarditis which occurs 
in some cases of trichinosis may be asynipto- 
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matic or may be accompanied by physical and 
electrocardiograpJiic signs listed above as non« 
specific. Congestive failure is very rare. In 
echinococcosis, cysts are found in the heart 
in about one per cent of those infected. Calci- 
fied cysts have been demonstrated roentgeno- 
graphically. 

Traumatic Lesions 

Penetrating Lesions. Hemopericardium 
constitutes the predominant feature in those 
surviving the first few minutes. Rapid accu- 
mulation of blood produces cardiac tampo- 
nade, manifested by a rising venous pressure, 
falling pulse pressure, feeble paradoxic pulse, 
and a quiet heart with muffled sounds and 
small excursions on fluoroscopy. The roent- 
gen silhouette need not be grossly enlarged 
at the time the foregoing triad is present. The 
electrocardiogram may be negative when 
clinical manifestations of hemopericardium 
first become evident but sooner or later shows 
changes typical of pericarditis, namely, ele- 
vated, upwardly concave RS-T segments in 
leads from opposite surfaces of the heart, asso- 
ciated with a reduction in QRS voltage, but 
no abnormality in QRS contour. These RS-T 
patterns show the characteristic evolution of 
pericarditis, the junctions progressively ap- 
proaching the isoelectric line and the T waves 
meanwhile undergoing progressive cove-plane 
inversion. When the injury has caused exten- 
sive myocardial contusion or when a coronary 
artery has been severed or ligated at opera- 
tion, abnormal Q waves typical of those found 
in myocardial infarction are demonstrable. 
Valvular rupture in the course of the penetrat- 
ing wound is manifested by a loud, coarse sea- 
gull type of munnur and is generally compli- 
cated by acute congestive failure. Septal per- 
foration by injury is manifested by a continu- 
ous murmur, loudest in the vicinity of the 
septum and, if large, by prompt right ven- 
tricuhir failure. 

Non-penetrating Injuries. Crushing injuries 
and direct blows to prccordium from objects 
traveling at high velocity have caused cardiac 
rupture with hemopericardium, myocardial 
contusion, and rupture of a valve or chordae 
tendincac, even in tlie absence of fracture of 
the thoracic cage. Cardiac rupture from non- 


penetrating injuries causes tamponade similar 
to that resulting from penetrating wounds. 
Gross myocardial contusion without rupture 
may be accompanied by symptoms, signs and 
dectrocardiographic changes simulating those 
of acute myocardial infarction and may heal 
to leave a cardiac aneurysm. Death during the 
acute stage may result from ventricular fibril- 
lation or standstill. Atrial injuries by indirect 
blows may be complicated by atrial fibrillation 
or flutter, generally transitory. Rupture of the 
aortic valve by non-penetrating injuries is 
manifested by the sudden appearance of a 
loud sea-gull diastolic murmur over the whole 
precordium, accompanied by peripheral signs 
of aortic regurgitation and by rapid develop- 
ment of congestive failure. Rupture of the 
mitral valve or chordae tendineae causes a 
loud, coarse systolic murmur and tlirill, maxi- 
mal at the apex and transmitted over the 
wJjoJe precordium, and is geiierally followed 
by congestive failure. 

Extracardiac Injuries. Arteriovenous fistula 
developing after injury to contiguous walls of 
adjacent artery and vein (especially the femo- 
ral vessels) increases pressure and volume of 
venous return-flow to the right side of the 
heart and leads to right ventricular enlarge- 
ment, elevated cardiac output and eventually 
failure. 

Neoplasms 

The majority of cardiac neoplasms found 
at autopsy produced no clinical manifesta- 
tions during life. In some patients dying of 
malignancy with asymptomatic cardiac metas- 
lases, thorough cardi-ac examination has re- 
vealed nonspecific electrocardiographic ab- 
normalities and occasionally diagnostic roent- 
gen signs, namely, nodular irregularity in the 
cardiac silhouette. 

Striking clinical features referable to the 
heart are present in a fcNv cases of primary 
and metastatic neoplasm and arc classifiable 
into tlie following syndromes: 

Chronic cardiac tamponade may occur from 
neoplastic invasion of, or eJIusion into, the 
I>cricardium. A suspicion of neoplastic etiology 
is engendered by hemorrhagic cliaracter of llio 
fluid and by rapid recurrence after tapping, 
and may bo confirmed roentgcnologicaliy jn 



1014 


PATHOLOGY OF THE HEART 


some cases by demonstration of nodules after 
instillation of air. A positive diagnosis has 
been established in some cases by demonstra- 
tion of neoplastic cells in the aspirated peri- 
cardial fluid. 

Superior vena caval obstruction without 
demonstrable bronchogenic or mediastinal 
neoplasm or aneurysm should suggest neo- 
plasm of the right atrium. 

Intractable congestive failure may be pro- 
duced by extensive neoplastic invasion of the 
myocardium. An antemortem diagnosis may 
be possible through elimination of other 
causes of congestive failure and demonstra- 
tion of irregularities of roentgen silhouette 
consistent with neoplasm. Cliaical signs of 
mitral stenosis have been produced by niy.v- 


oma of the left atrium and acute attacks of 
pulmonary edema have occurred from ob- 
struction of the mitral orifice by a peduncu- 
lated tumor and have been relieved by 
changes in posture. 

The development of atrioventricular block- 
in persons with known malignant neoplasms 
may indicate metastasis to tlie nodal tissues, 
and tlie occurrence of une.xplained atrial fibril- 
lation should arouse tiie suspicion of atrial in- 
volvement by neoplasm. 

A diagnosis of rhabdomyoma can be es- 
tablished clinically by the association of ab- 
normalities in cardiac roentgen silliuuette witii 
mental retardation, tuberous sclerosis and 
adenoma sebaceum. 
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Introduction 

P ATiioixicy OF THE HEART IS an old disci- 
pline while cardiac surgery is chiefly a de- 
velopment of the last few years. Nonetheless, 
in this short time, these two fields have in- 
fluenced each other greatly, We shall discuss 
the important bearing which the pathologic 
aspects of cardiac lesions, both anatomic and 
physiologic, have upon surgical concepts and 
techniques, and also the converse effect, that 
of cardiac surgery and its diagnostic adjuncts 
in bringing about a more complete under- 
standing of the pathology of the heart. 

Pathologic Anatomy. The anatomic features 
of lesions of the heait which detcnniiie sur- 
gical concepts and techniques arc: (1) type, 
(i) vxvuUipUcitv. (^1 i.i'ie, aud (4) position. 

1. Type of lesion. Since the normal anat- 
omy is the usual blueprint for surgical repair 


of pathologic lesions, the greater the devia- 
tion of the palliologic anatomy of a lesion 
from the normal, the more difficult becomes 
its surgical correction. 

2. Multiple lesions, in general, multiply (he 
problems of the surgeon. Combined valvular 
lesions of stenosis and incompetence, particu- 
larly when affecting more than one valve, can 
pose great difficulties. Occasionally, one le- 
sion may jirovide a certain degree of protec- 
tion against the effects of another lesion, c.g., 
existence of a patent ductus arteriosus in as- 
sociation with the tetralogy of Fallot. 

3. Size of lesion has considerable surgical 
significance. Dynamically those of minute size 
often may be ignored. 

4. The position of a lesion deteruiuuis to a 
considerable degree the surgic.il technique 
that may be used for its correction. 
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A lesion that is on or near the surface of the 
heart usually can be dealt with by accepted gen- 
eral surgical methods. On the other hand, lesions 
which are not easily reached from the surface 
frequently require special techniques, such as 
procedures carried out by a huger inserted into 
the “closed” heart or the use of hypothennia or 
cardiopulmonary b>'pass in "open” operations 
witliin the heart. The position of a lesion is im- 
portant with respect to the specific chamber of 
the heart which must be encroached upon m the 
surgical repair. The risks and comphcations in- 
crease as we move from the atria to the ventricles 
and from the ri^t side of the heart to the left. 

Pathophysiologic Factors. The physiologic 
derangement resulting from lesions of the 
heart and great vessels may be profound and 
may have an important bearing upon surgical 
indications and techniques. Such derange- 
ments include impedance to blood Bow, 
shunts, misdirection of course of blood flow, 
mechanical interference with myocardial ac- 
tion, and disturbances in conduction. 

Impedance to blood flow may be caused 
by a simple mechanical obstruction, such as 
stenosis of a heart valve or coarctation of the 
aorta. Among other conditions which impede 
tlie effective fonvard flow of blood are regur- 
gitation of a heart valve and presence of a 
ventricular aneur>’sm. 

Effective surgical relief of an obstruction may 
bring about complete disappearance of the pres- 
sure gradient existing across the stenosis or at 
least may reduce it to physiologic insignificance. 
The secondary results of such an obstruebon, 
how c\ er, such as pulmonary h>pertension and the 
pulmonary arteriolar changes which may be seen 
in mitral stenosis or systemic hypert^ion in 
coarctation of the aorta, may improve but slow*!/ 
after surgical relief of the primary lesion and 
sometimes may be completely irresersible. 

Shunts. An intracardiac (atrial or ventric- 
uhar) or an extracardiac (aortic) septal defect 
will permit free transseptal flow of blood from 
the higher into the lower area of pressure. 
Normally, pressures within the left cardiac 
chambers are higher tlian those within the 
corresponding ones on the right, and arterial 
pressures are higher fn the s.vstemic than in 
the pulmonary circuit. Hence, the direction 


of transsepta! shunting usually is from left to 
right. 

Under tliree conditions a right-to-Ieft shunt 
may become prominent. The septal defect 
may be so large that a considerable amount 
of mixing of the blood from the two circuits 
may take place. In this circumstance, a bi- 
pliasic (botli left-to-right and right-to-left) 
shunt will be present. In the vast majority of 
sucli cases the left-to-right shunt will be the 
larger or predominant one. 

Should an obstruction of congenital type 
exist in the line of tlie circulation at a point 
distal to the septal communication, ft will tend 
to direct the course of the shunting. Tims, 
congenital stenosis or atresia of the tricuspid 
valve will tend to cause a right-to-left shunt 
through an interatrial septal defect. A pul- 
monic stenosis of any type (arterial, valvular 
or infundibular) will tend to bring about a 
riglit-to-left shunt tlirough eitlier an atrial or 
a ventricular septal defect if one co-e.\ists. On 
the other hand, coarctation of the aorta oc- 
curring beyond the site of an aortic septal 
communication will increase or augment the 
left-to-right shunting. 

If a large left-to-right shunt has persisted 
for a considerable period of time, imposing 
additional work upon tlie right ventricle and 
causing engorgement of the pulmonary vas- 
cular bed, it may lead to secondary manifesta- 
tions. The first observ'able effect of engorge- 
ment upon tlie pulmonary vascular bed is the 
development of increased arteriolar resistance. 
Subsequently tlie pulmonary arterioles show 
inlimal hyperplasia, medial thickening and 
adventitial fibrosis. Ultimately, large num- 
bers of arterioles become obliterated. The 
over-all pulmonary arterial resistance rises, 
becoming equal to and finally e.\ceeding that 
in the systemic circuit. When this happens, 
the direction of tlie shunt from left to right 
becomes rev’crsed. 

Misdirection of blood flow. Anomalous pul- 
monary venous drainage, and transposition of 
the great arteries may cause misdirection of 
the course of blood flow. In the former con- 
dition, the physiologic abnonnality resembles 
tliat associated with atrial septal defect, a left- 
to-right shunt being present. In the latter ctui- 
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dition, the underoxygenated systemic venous 
blood entering the right ventricle is pro- 
pelled directly into the systemic arteries 
^\^thout passing through the lungs. On the 
other hand, the well-oxygenated pulmonary 
venous return is delivered by the left ven- 
tricle immediately into the pulmonary trunk. 

Mechanical interference. Mechanical inter- 
ference with myocardial contraction may re- 
sult from such conditions as constrictive peri- 
carditis, extensive scarring of the myocardium, 
and endocardial fibroelastosis. 

Disturbances in cotiduction. While v.irious 
types of atrioventricular “heart-block” are 
common in congenital heart disease, especially 
in septal defects, the organism usually has be- 
come so well adjusted to them Uiat they do 
not serve as contraindications to surgery. 
However, sudden surgical interruption of the 
common conduction bundle often proves fatal. 

Development of Principles. The first at- 
tempts to correct cardiovascular abnormalities 
followed the methods and techniques already 
established in general surgery. Drainage of 
pericardial effusions, suture of a stab wound 
of the heart, pericardiectomy for constrictive 
pericarditis, and grafting of well-vascularized 
adjacent tissues to the surface of the ischemic 
myocardium followed, in that order. 

Surgery of the juxtacardiac blood vessels was 
initiated ^^lth the ligation of a patent ductus 
arteriosus (Graybiel et al., 1938; Gross, 1939). 
Resection of a coarcted aortic segment (Cra- 
foord and Nylin, 1945) was soon followed by 
anastomosis of the subclavian and pulmonary 
arteries (Blalock and Taussig, 1945). The method 
of replacement of resected arterial segments 
(Gross et al., 1949) with fresh or preserved 
homografts subsequently was extended by the 
utilization of tubular plastic prosthcscs. The most 
elaborate of these techniques was Hufiiagel’s 
(1951) insertion of a plastic ball-valve into the 
descending thoracic aorta for the alleviation of 
aortic regurgitation. 

The method of closed intracardiac surgery, at 
first accomplished by palpaUon with an iiulni- 
ment inserted through tlic wall of a vessel or 
caidiac chamber, was followed by insertion of a 
finger within Uie chambers of tlie beating heart 
to explore tlic lesion and to guide and control the 
instrument (Bailey 1948, published 1949). 


Open heart surgery has progressed from the 
stage of simple occlusion of inflow (Varco, 
1955, see Lillehei et al., 1955) to occlusion 
of inflow with use of hypothermia to the body 
generally (Lewis and Taufic, 1953) and fi- 
nally to total bypass of the heart and lungs 
(Gibbon, 1954). Later, it was found advan- 
tageous, especially in longer operative pro- 
cedures, to utilize the patient’s own lungs for 
oxygenation, merely bypassing the two sides 
of the heart (Dodnll, 1954, Blanco et al., 1956 
and 1958). Induced cardiac arrest (Melrose 
et at, 1955; Effler et at, 1956; Lam et at, 
1956) may offer significant advantage in cer- 
tain cases. 

Atrial Septal Defects 

Most defects of the atrial septum result 
from failure of proper fusion of the primitive 
septum primum with the septum secundum 
(defects of “ostium secundum"). In a smaller 
percentage the defects result from failure of 
union of the septum primum with the atrio- 
ventricular endocardial cushions (defects of 
tlie “ostium primum”) or from failure in de- 
velopment of the endocardial cushions (com- 
mon atrioventricular cliamber). In uncompli- 
cated cases a left-to-right shunt develops, 
overloading the pulmonary circuit; often this 
is associated with relative hypoplasia of the 
left ventricle and the aorta. 

Tliree acceptable closed techniques e.xist 
for tlje closure of uncomplicated defects of 
the Ostium secundum. In the more compli- 
cated defects an open technique is essential. 
Simple inflow (vena caval) obstruction with 
general bodily hypothermia (30* C.) will en- 
able the siu'geon to close many of these de- 
fects by direct suturing within the pennissible 
limits of time (7 to 10 minutes). 

If a longer operative period is desired, total 
cardiopulmonary bypass at normolhermic 
temperatures is preferable. Should the defect 
be too large for direct repair by suturing, a 
prosthetic "patch'' of formalinizcd polyvinyl 
sponge (Ivalon) may be used. It is our prac- 
tice, in applying a patch, to use an “artificial 
foraminal valve" fabricated from Ivalon 
sponge. This prosUjctic valve consists of a ring 
vvliidi is sutured to the margin of the defect 
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Figure Prosthetic "loraminal salve” used to 

close a large primitive atnal septa! defect (endocanlul 
cushion defect). The Ivalon-spooge flap will pemut 
uiudirccUonAl corvtiDuatioD o( die pie~c.'dsting shunt for 
several wecLs after surgery. 


and a structurally incorporated flap which 
opens into tlie appropriate atrium somewhat 
like Uic natural foraminal v alve. Ttius, a cou* 
tinulng but gradually diminishing one-way 
transseptal shunt is provided for a number of 
weeks during which time appropriate dreu- 
lalory adjustments can take place gradually 
(Figure XVIM). 

Venous Communicaitons 
Under venous communications, we include 
various hTes of anomalous drainage: ( I ) of 
all the pulmonary' veins, (2) of one or more of 
the left, or ( 3) of one or more of the nght pul- 
monary' veins into the right atrium or one of 
the s>-stemic veins. All of these defects cause a 
left-to-righl shunt and behave physiologically 
and clinically much like interatrial septal de- 
fects. However, reversal of the shunt obvi- 
ously is impossible regardless of tlie presence 
or absence of pulmonary vascular changes. 

In ononuilotis ilraina"c of all the pulmonary 
veins, necessarily a large septal defect must 
coevisl. Otherwise, no hlotxl could enter the 
left side of the heart and life would fail. The 
more probable anatomic paUenvs arc illus- 
trated in Figures XVII-2.V-C. Surgical correc- 
tion may be carried out in one or two stages 


and will vary with tlie anomaly and with tlie 
choice of a closed or open (total bypass) tcdi* 
nique. In general, Uie surgical program must 
consist of primary’ establishment of free com- 
munication of the pulmonary' venous con- 
fluence (or confluences) with the left atrium, 
followed by interruption of tlie communica- 
tion with the systemic venous system. The co- 
c-risUng atrial septal defect tlien should be 
closed, unless it can be utilized as a coin- 
rnunicating passage between anomalous right 
pulmonary’ veins and the left atrium (see Fig- 
ure XVII-SC). 

Anomalous drainage of one or both of the 
left pulmonary veins may be treated by lat- 
eral anastomosis of the anomalous vessel (or 
vessels) to the base of the partLilly amputated 
left auricular appendage, followed hy inter- 
ruption of the systemic venous communication 
and closure of any coevisting atrial septal do* 
feet 

Anomalous drainage of one or both of the 
rigid prihuonery cehis into the right atrium 
usually is associated with an atrial septal de- 
fect which cIiaracteristicalK’ lies m close 
proximity to the venous opening. If 
conveniently located atrial septal defect is 
present one may be created by incising the 
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interatrial septum. Then the anomalous stream 
may be diverted into tlie left atrium by wav 
of the defect (Figure XVII-3A-C). 

Should one of the right pulmonary veins 
drain into one of the venae cavae, it may be 
cut away from the cava and anastomosed to 
a contiguous normally or abnormally draining 
pulmonary vein. Should the latter situation 
exist, it then must be treated appropriately, 
probably as shown in Figure XV1I-3C. 

Ventricular Septal Defects 
Communications between the ventricles are 
the result of failure of complete closure of the 
ventricular septum and usually involve the 
membranous portion. 




Anatomic Closure. In patients over 3 years 
of age with a ventricular septal defect and a 
significant left-to*right shunt, in whom the 
systolic pulmonary arterial pressure is 50 per 
cent or Jess of that which exists within the 
aorta, the results of complete definitive ana- 
tomic correction are reported to be satisfac- 
tory (Lillehei et ah, 1958, Kirkliii and Me- 
Goon, 1958). 

Physiologic Correction. In patients with 
right ventricular pressures whicli vary from 
50 to 100 per cent of those within the left 
ventricle, but with a left-to-right shunt, one 
cannot be certain whether one is dealing with 
a very large ventricular septal defect or with 
a significant degree of pulmonary vascular 



Figure XVII-2. Total anomalous drainage of pulino- 
tury \eins. A large atnal septal defect iiecessanly 
must coexist in total anomalous piilmonaiy drainage. 

A. Drmuage from Uic nglit lung is directed into 
tlic right atrium, and tliat from the left, into tiic left 
innominate %ein. 

B. All the puInioiiJr> i tins join .and tlicn dram into 
the left innominate %cm. 

C. The right pulmonary coiUliicnce joins the right 
atnuni ilirectly and the left enters tlio coroiuiiy sinus 

(usually along with a left supenor tena caia}. 
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Figure XVII-3 Anomalous nghl pulmonary venous drainage into llie nght atrium in absence of an alnal 
septal defect. 

A. A longitudinal incision is made through the postenot poibon of the atnal septum, llius creating a vep- 
tal defect in a convenient location. 

B. The linear atnal septal defect is enlarged by making a ventral extension to the septal incision, 

C By suturing tlic lateral wall of the nght atnuni to the anterior edge of tiie nexviy-created defect, an 
enclosed passage is formed for complete diversion of the nghl pulmonary senous drainage into the left atrial 
chamber (From Gilman ct at., courtesy of American Journal of Surgery, 94.688, 1957.) 


change, or bolli. Because the operative mor* 
tahty in performing anatomic closure of such 
ventricular septal defects, especially in in* 
fants, has been high, the authors feel that 
many patients in tliis category should be sub- 
mitted first to “physiologic” correction by 
creation of a controlled degree of pulmonic 
stenosis and, later, to anatomic closure of the 
defect. Tliis method of surgical treatment of 
ventricular septal defect was first suggested 
by Edwards and associates ( 1948 ), performed 
by Bailey (1950, see Bailey, 1955, page 369) 
and popularized by Muller and Dammann 
(1952) (Figure XVII-IA, B). The surgical 
objective is conceived not to be anatomic clos- 
ure of the defect, but elimination of the trans- 
scptal shunt by equalization of the pulmonary 
and s> steinic arterial resistances. The amount 
of pulmonary arterial narrowing necessary 
varies from 60 to 90 per cent of the original 
arterial lumen and may be established in prac- 
tice by adiustmg live position of a partially 
wclucling clamp until tJie systolic pressure in 
the distal portion of the vessel is reduced to 
25'30 mm. of mercury. 

Definitive closure of the septal defect may 
be undertaken in a patient “physiologically” 
operated upon after the lapse of a number of 
montlis or years during which time the lesion 
in the pulmonary arteriolar bed iiresuinably 


will have been demonstrated (by needle bi- 
opsy) to have regressed. At the time of the 
second operation, both the septal defect and 
the created “coarctation” of the pulmonary 
artery must be corrected. 

In patients with severe pulmonary hyper- 
tension and a marked right-to-left shunt, sur- 
gical intervention may be contraindicated. In 
borderline cases the “physiologic” operation 
may be chosen or a prosthetic one-way “foram- 
inal valve” may be sutured into the defect 
to permit its gradual closure with prolonged 
one-way valve "compensation” (Figure XVH- 

5A). 

Patching the Defect. When the defect is 
large, techniques of direct suturing are in- 
appropriate and a “patch” of compressed 
foimalinized polyvinyl sponge (Ivalon) usu- 
ally is applied. An error to be avoided is the 
use of a large, thin or flimsy patch which 
might swing into the outflow tract of the 
weaker ventricle and partially block it. It «s 
safer, in all cases in which a patch-tcchniquo 
is necessary, to use a isrosthetic “foramiiial 
\’alve” that will pennit gradual readjustment 
of Uie circulation by permitting continuation 
of a slowly closing one-way shunt (Figure 
XVII-5B) or, in nearly “balanced” cases, a 
slowly closing bidirectional shunt ( Figure 
XV1I-5C). It is our feeling, that except in 
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tliose individuals in wliom the opening is but 
probe-sized, the pre-existing shunt should be 
preserved temporarily by such a valve. 

Avoidance of Bundle of His. The upper 
and ventral margins of the “high” defect as 
seen from the right ventricle contain no con- 
duction fibers. The risk of injury is concerned 
with the dorsal (right) and caudal margins 
of the defect (Truex and Bishop, 1958). Usu- 
ally, tlje edge of the defect has a margin of 
white fibrous tissue, does not contain conduc- 
tion fibers, and will hold sutures well. If the 
sutures are placed tangentially into this por- 
tion of the margin of the defect, total encircle- 
ment of the bundle may be obviated. 


"Defects” of Aortic Septum 
“Defects” of the aortic septum may take 
the form of complete or partial truncus ar- 
teriosus, aorticopulmonary arterial fistula, or 
patency of the ductus arteriosus. Of these 
dinical entities, only the last is encountered 
with clinical frequency. In these “defects,” 
the characteristic direction of blood flow 
dirough the communication is from left to 
right. If prolonged and excessive, it will lead 
to pulmonary hypertension and arteriolar 
changes identical with tliose which develop 
with other large left-to-right shunts. In so- 
called “atypical” patent ductus arteriosus, the 



Figure XVIM. “PliyMologic” operation for relief of \cnlncular !>ept.il 
defect. 

A. damps arc applied partially across Uie lumen of the nuin pulmo- 
nary artcn.-il tnink. After tlie dist^ systolic pressure is reduced to 20 to 
30 mm. Ilg, mattress sutures arc applied to rciKlcr tins degree of narrowing 
permanent. 

B. After removal of the clamps, the total pulmonary vascular fi-Mslancc 
veill have been raised to approuniatcly the same level as the total aortic 
resistance, tlic transseptal sliunt b«‘mtt abolislicd, or at least etiualized 

(biphasic). 
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Fitn>rc XVII'5. Pro!>llictic foramiiul valves. 

A. OnC'Uay prostlictic foraimnal valve applied in Midi a way as to permit traadvut 
persiblencc and srndual abuLuon of a prc^vistiiis rig]it>to*)eft sliunt. 

D. Onc>v«ay prosthetic fnranunal valve placed so as to permit temporary persfstenee of 
a !cft*to-ng)it slumt (as in the uvual ventricular septal defect). 

C. ihphasic prostlictic foramiiul valve wWii will permit gradual readjustment of the 
Lirculation and Tin.'il closure of a septal defect in a case wilii ‘'balanced” or bipKisic shunt. 


char.iclirristic inaduner)--murniur is not pres- 
ent. If lilt* shunt becomes “bahauced” momen- 
tary variations in the respective opiwsing 
intra-arteri.!! rcsist.'inccs and tensions may 
lead to shouting first in one direction, then in 
(he other. 

If tile pulnioiiar)' .irterial pressures exceed 
those within the aorta, an actual tighl-lo-lcfl 
shunt will t.ihe place through the communica- 
tion. 

Truncus Arteriosus. Since the advent of 
“open heart" tcchniciucs, many c.ises of Inin* 
cus arteriosus have liccoinc ainciiabtc to sur- 
gical correction. Unfortunately the pulmo- 
n.ir>' .irtciy or arteries m.iy lx; too sin.'ill for 
anatuinic reconslnicUon in a nonnal palleni. 
Lesser grades of jurtial ^versistent truncus 
arteriosus may be corrt'ctcd by longitudinal 
division of the atter>' and repair of tlic walls 


of (he newly created vessels. Great care must 
be taken that each of the coronar>’ ostia there- 
after will arise from llie root of the newly 
created aorta rather than from the i)uImon.ary 
trunk. Such an operation is best carried out 
by an open technique. However, a closed 
procedure lias been successful in separating 
llivi two arterial circuits (Bailey, 1953; see 
Angulo ct ai, 1953). 

Aorticopulmonary Fistulac are re.'idily cor- 
rcctiblc by an open technique. AUem.Tlively» 
two appropriate suture lines may be plact“<l 
prior to division, using a closed technique 
such as that described bv Scott and S.ibiston 

(1053). 

Patent Ductus Arteriosus. Despite dilfer- 
ciiccs of opinion as to llic rcLlive merits of 
multiple lig.ation versus actual division and 
oversewing of the duct;d ends, die over-all 
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rate of complete alleviation of clinical mani- 
festation following surgery exceeds 96 per 
cent. If a “balanced” or “reversed” shunt ex- 
ists, a prosthetic foramiiial valve may be ap- 
plied over the aortic opening of the ductus 
to permit gradual adjustment of the circula- 
tion. This requires an open operative tech- 
nique. 

Pulmonic Stenosis 

Obstruction to the outflow from tlie right 
ventricle may be caused by congenital nar- 
rowing of the infundibular portion of lliis 
chamber (infundibular obstruction), by con- 
genital fusion of the cusps of the pulmonary 
valve (pulmonary valvular stenosis), or by 
hypoplasia or atresia of the pulmonary trunk 
itself (Frgure XVII-6A-C). 

Diagnosis, The diagnosis of pulmonic ste- 
nosis is made readily by cardiac catheteriza- 
tion (right side) which reveals a character- 
istic pressure differential between the right 
ventricle, the infundibular chamber (if pres- 


ent), and the pulmonary trunk (Figure XVIT 
7A-C). When an atrial septal communication 
exists in association with severe pulmonic ste- 
nosis, the pressure within the right atrium 
becomes elevated, especially during exertion. 
A portion of the right atrial (venous) blood 
then may pass through the defective septum, 
producing undersaturation of the blood in 
the systemic arteries. 

Closed Method of Treatment. The defini- 
tive closed procedure for the relief of isolated 
pulmonic stenosis was established by the 
initial reports of Sellers (1948) and Brock 
(1948), Tlie fused valve “cap” is divided in- 
strumentally, forming a “bicuspid” valve, or 
the hypertrophied supraventricular crest is 
excised in part. 

Open Method of Treatment. The work of 
Swan and associates (1953) and Dodrill 
(1954) has established the unquestionable 
superiority of the open technique in valvular 
stenosis by which the rudimentary commis- 
sures may bo opened to the fullest extent com- 




I'lKure XVlI-6. Pulmonary 

A. Coiigcnit.il fusion of iho \jUc cusps. 

H. Inriindihiiiar obaniclion resulliiit; front incoinplitc involution of the stipnivcntnciilar 
crest. 

C. Gcncr.il li>-poiil.isia of the nghl \ciilricuW oiitflusv trad .inj piiliiuiiur> Innik. .Vote 
hicuspitl salve, fmpientfy (nctMintcrcJ an nich ca^cs. 
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Figure XVII-T. Tracing obtained in catheteriza- 
tion of right side of heart in a patient with com- 
bined irdundibular and >al\-u]jr pulmonary ste- 
nosis. 

A. Pulmonary artcnal tracing. 

5. Pressure curs’e obtained from the infundib- 
ular area. 

C- Tracing of right ventricular pressure. 

piUble with competence. In valvular steisosis, 
hypothermia with temperary occlusion of tlic 
venae cavae has proved to be satisfactory for 
visualization of the valve and appropriate 
mobilization. In iirfundibular stenosis, cardio- 
pulmonary bypass is preferable both because 
of the extreme irritability of tbe hypothermic 
ventricle and the extensiveness of the tech- 
nical i)rocedure which may be necessary. 

Tetralogy of Fallot 

Fallot (18S8) described this condition as 
one which comprises (1) pulmonic stenosis, 
(2) a “high" defect of the interventricular 


septum, (3) overriding of the first portion of 
the aorta, and (4) hypertrophy of the right 
ventricle. It now is felt that only tlie first 
two elements of tlie malfonnation are basic, 
the third frequently being an illusion, and 
tlie fourtli being a consequence of the en- 
gendered ov’erload of the right ventricle. In 
well-marked cases, the patient’s cyanosis is 
deep and becomes more severe upon any 
physical e.xertion. The patient’s capacity for 
activity is reduced markedly, and he tends 
to stoop or “squat” during recover)' from any 
physical stress. 

It is apparent that patients with this condi- 
hon present a chnicopatliologic spectrum wluch 
varies, on one hand, from that of a ventricular 
septal defect with insignificant pulmonary arterial 
narrowing and pronounced left-to-right shunt, to 
that of frank pulmonary atresia in association with 
a ventricular septal defect and consequent rigbt- 
to-left diversion of the entire nghl ventricular 
content, on Uie otlier. Near the midpoint of this 
spectrum is the patient witli moderate pulmonary 
stenosis and a ventricular septal defect with a 
nearly "balanced” shunt (Figure XVII-8A-C) 

Blalock-Taussig Operation. Blalock and 
Taussig reported in 1945 tlie creation of an 
artificial patent ductus arteriosus by end-to- 
side anastomosis of one of the subclavian ar- 
teries witli the right or left pulmonary artery. 
Tlus operation permits a portion of the mixed 
arterial and venous blood xvliich has entered 
tlie aorta to be recirculated through the pul- 
monary vascular bed for complete oxyge* 
naUon (Figure XVII-9). In certain instances, 
even now, this is tlie operation of choice, as 
in extreme hypoplasia or atresia of the right 
x'cntricular outflow tract. 

Polls-Smitli Operation is a modification of 
the Blalock-Taussig procedure, a lateral 
anastomosis being created between the de- 
scending tlioracic aortic and the left pulmo- 
nary artery. 

Brock Procedure. Partial infundibulectomy 
or pulmonary valvulotomy, by removing a 
portion of the pulmonic obstruction, permits 
a greater portion of blood from the right ven- 
tricle to enter the pulmonary arterial tree for 
normal o-xygenation and, ideally, should serve 
to “balance” the shunt. Theoretically, this 
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condition is identical with that of the patient 
who has undergone a “physiologic** operation 
for an isolated ventricular septal defect 
(Compare Figure XVII-8B with Figure XVII- 
4A, B). The eAtent of tlie operation may be 
controlled by measurement of the distal pul- 
monary arterial pressure, being terminated 
when the latter becomes elevated to a systolic 
level of 20 to 30 mm. mercury. 

Open Correction of Both Defects. Defini- 
tive closure of the ventricular septal defect 
and simultaneous correction of the pulmonic 
stenosis with tlie aid of cardiopulmonary by- 
pass offer a seemingly ideal approach to tlie 
treatment of tlie tetralogy of Fallot. Unfortu- 
nately, the operative mortality, especially in 


small infants, has been evtremely high, partly 
owing to impairment of the respiratory 
meclianism by the usual operative transection 
of die sternum and the double pleural inter- 
vention. Bleeding from tlie dilated bronchial 
circulation may be massive, causing incom- 
plete visualization of the operative field which 
increases the risk of injury to the conduction 
system. A hypoplastic state of development 
of the pulmonary vascular bed may exist 
which will not permit the sudden establish- 
ment of a normal blood flow. In deeply cya- 
notic persons, therefore, it is unwise to per- 
form a completely corrective operation with- 
out first making an attempt to prepare the 
pulmonary vascular bed to accept a normal 




Figure XVIl-S. l’li>Mologic ipectnim in %cntntular septal defect asMiciatcd witli pulmonic stenosis (tetral- 
ogy of Fallot). 

A. In sc\trc pulmonary stenosis a right-to-lcft shunt occurs Uirough the septal defect, b)passing the 
lungs and causing undirsaturation of the aricnal blood (cyanotic tetralogy of Fallot). 

B. -Moderate pulmonary stenosis «itl» rs.sri)(iaUy no stuinUng (or a hiphasic one) tluougli tiie septal 
difect (.'icj.motic tetralogy of Fallot). 

C. Slight pulmon.ity stenosis svilh shunt from left to right. The physiologic clwngcs arc similar to tlmsc 

seen in patients with isolated xtntncular septal defixts. 
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lire XVlI-9 Surgical creation of an artificial pat* 
ductus artenosui to alleviate the artena! oxygen 
Icrsatiiration cliaractcnsiic of tetralogy of Fallot, 
siihclavinii'pulmonary artcnal anastomosis (Bla- 
lock-Taiiswg operation). 

ume of blood flow. A syj.lemic*pulmonar>' 
erial anastomosis or a controlled Drock 
)e of operative procedure would seem 
^ally designed to accomplish such prepara- 
n in small infants. In older children com- 
jte correction may be undertaken, using 
artificial “foraminal" valve type of pros- 
isis for closure of the ventricular septal 
feet; this pennits a gradually diminishing 
e-vvay, right-to-left shunt to persist until 
e pulmonarj’ vascular bed has become “di- 
:cd” sufficietilly to accDininodato the entire 
'lit ventricular mitpnt (sec Figvirc XVil- 

L). 

Couslrich’ce Pcricardtlis 
Organi/ation of a pcricxirdial evudate, most 
ten that of tuberculous pericarditis, uuy 


lead to restriction of cardiac diastolic dilata- 
tion by the constricting effect of the resulting 
leathery encasement v^f the heart. Tlic output 
with each cardiac contraction tlien is small. 
Calcification of the e.xudate is seen occasion- 
ally. 

Complete surgical decortication by removal 
of lliat portion of the pericardium and the 
organized e.xudate wliich lies upon the epi- 
cardium of the ventricles will restore an es- 
sentially normal cardiac mechanism. In seri- 
ously ill jjatients this should be accomplished 
in two partial stages in order to permit grad- 
ual adjustment to the physiologic changes. 

Mitral Stenosis 

Pathologic Changes. Mitral stenosis is the 
most common of the late sequelae of rheu- 
matic fever. The thickening and libiosis char- 
acteristic of chronic rheumatic valvulitis in 
part derive from intrinsic clianges occumng 
within the substance of the valve and in part 
from the organization of vegetations and ex- 
udate on the surface of the leaflets especially 
over the “zones of contact” ( during ventricu- 
lar systole). Tlie exudate becomes licaped 
up at the poles or “angles’* formed by the 
junction of the leaflets (Figure XVII-lOA, 
B). In more severe cases, evudate also may 
envelop the chordae and the papillary mus- 
cles like a coating of ice upon the branches 
of a tree, tending to “fillet-in” the angles 
formed between adjacent structures. Subse- 
quent invasion by fibroblasts converts this 
evudate into a thin coating of fibrous connec- 
tive tissue which, as the process may be re- 
peated, gradually leads to the accretion of 
successive layers of scar tissue upon the valve 
and to more extensive subvalvular alterations. 

Cross-/Msion of leaflets. Cross-adherence of 
the valvular leaflets begins at the “commis- 
sures" or sites of folding of the normally con- 
tinuous valve ribbon and iirogrcsscs centrip- 
etally. A late factor which finally increases 
U»c rate of valvular narrowing is the me- 
chanical trauma which tlie necessarily in- 
creased velocity of blood flow through Iho 
diminished orifices imposes upon its nnirgms 
Rociliord, 1952; rci>ortcd, 1053). 

Subtalcular c/umgci. Tlic chordae teiidin- 
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Figure XVII-10^. Nannal juitra] vaJvo (From 
Bailey, Surgery of the Heart, 1955, courtesy of 
Lea and Febiger.) 


CAe may become clumped into cable-likc 
structures by the enveloping scar tissue. Tlie 
organization of sheets of fibrin which may 
extend from the free margin of the leaflets 
over tlie mesh of attaching chordae, can 
eventuate in a “lengthening" of tlie leaflets, 
with consequent apparent shortening of the 
chordae (Brock, 1952). In many cases one 
or both of the papillary muscles may become 
directly adherent to the apex of a “lengtli- 
ened” valve (Figure XVII-llA-D). 

Valvular calcification. In about 39 per cent 
of cases of mitral stenosis (Bailey, 1955), cal- 
cific changes become superimposed upon the 
distorted valve. In general, we recognize 
three types of valvular calcification: (1) sand- 
like loosely attached encrustations which 
readily may become dislodged and cause ar- 
terial embolization, (2) intrinsic (suhendo- 
thelial) calcification in which the leaflets be- 
come hardened, and (3) dense, block-like 
masses of calcific material which distort the 
orifice of the val\e. 

lulra-atrial thrombosis. Atrial fibrillation is 
seen in approximately 50 per cent of the pa- 
tients who seek surgery for mitral stenosis 
(Bailey, 1955). Once this functional impedi- 
ment to evacuation of the utrium becomes 
added to the factur:> of damaged endothelium 
and stagnation of flow, tlie tendenej' towanl 
intra-atrial thrombosis becomes marked. Usu- 



Figure XVIl-lOB. Heaping up of fibrinous exudate 
at xalve pole owing to incessant separation and ap- 
proxiinalion of the leaflets. (From Magarey, courtesy 
of British Medtcal Journal, 7:856, 1951.) 

ally, thrombosis is limited to the left atrium 
but it may occur also within the right atrium, 
especially if tricuspid stenosis coexists, Atrial 
thrombosis is found in 25 per cent of patients 
with mitral stenosis, chiefly in association with 
atrial fibrillation. 

Ptihnouary vascular changes. Tlie increased 
intra-atrial pressure resulting from the valvu- 
lar obstruction is transmitted through the 
directly continuous valveless pulmonary veins 
to (he pulmonary capill.iries, disturbing (he 
osmotic balance and threatening to produce 
pulmonary edema. The early development 
within the arterioles of medial thickening and 
iiitiinal h>'perplasia is followed by adventitial 
and medial fibrosis, and finally by irreversi- 
ble luminal obliteration or frank llirombosis. 
TI»e earlier vascular changes may undergo 
resolution if effective surgical relief of (lie 
valvular obstruction is provided. 

Closed Technique of Surgical Treatment. 
Following the suggestion of Sir I..unler Brnn- 
tua (1902) that the diininutixe valve slit 
should he lengthened in a linear fashion, 
Bade)’ in 1918 (published in 1919) deliber- 
ately incised the “anterolateral cominissure" 
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figure XVIMl. Successive stages in development of nnual stenosis. 

'Aki. Vegetations on the (atnal) zones of mutual leaflet contact 

Bi I Beginning cniss-fusion of the leaflets at commissures. Beginning organization of fibrin deposited 
upon tlie “zones of contact.*' Fibnn enveloping chordae Icndincae and “fllletiug-in” all angles formed by tiieir 
Iimcbon wntli llie leaflets and with each other 

Cl I. V.ilve onfice reduced to a nearly straight slit Orgamzation of subvalvular ''webs” of fibrin. 

Dt t. Valve opening diminished to a tiny round or oval aperture. Leaflets “elongated" and papillary 
muscles partially “absorbed," owing to organization of the fibnnous exudate which has been deposited upon 
the free margins uf the valve leaflets and upon the choidopapiUary structures. 


of a severely stenotic mitral valve with a 
hooked knife passed into the left atrium along 
the palmar aspect of the right index finger 
by way of an incision made in the purse- 
stringed tip of the auricular appendage. Sub- 
sequently it was realized that in favorable 
cases the fused valve commissures can be split 
or ''fractured” by digital pressure alone. This 
operative procedure has been termed mitral 
coinmwsuro/oiny, valvulotomy, valvotomy, or 
valvailoplasty. Tlie procedure has been ac- 
cepted generally and employed extensively 
for tile relief of severe mitral stenosis. Un- 
fortunately it does not provide maximal relief 
of the obstruction and not infrequently the 
benefit is lost owing to recurrence of stenosis 
(Hailey ct at, 1957). 

While tliis technique has benefited many 
patients, it seems probable tliat it soon will 
1)0 replaced by the newer technique of “nco- 
strophingic" ( Greek: nco-iicw; strophings- 
hingc) mobilization (Bailev ct at, I95S) of 
the valve along the nearly semicircular “line 
of closure" which is based upon a Ixjtter 


understanding of the patlmlogic anatomy and 
physiology of the stenotic mitral vahe. To 
accomplish such mobilization, either instru- 
mental incision (79 per cent of cases) or digi- 
tal “splitting" may be used, frequently in com- 
bination. The “concave" mural leaflet, being 
short from free margin to base, usually will 
have become totally involved and completelv^ 
rigid. Restoration of mobility to such a leaflet 
presently is inconceivable. However, valvular 
funcUon of a unicuspid ty’pe can be imparted 
once the "longer" septa! leaflet has been “re- 
hinged" upon its characteristically flexible 
mid-zone. Such a unicuspid flap-valve mc-clia- 
nlsm (Figure XVII'12/\, B), while not en- 
tirely nonnal to the human mitral valve, is 
the natural mechanism of action of the mitral 
valve in some of the lower vertebrates. Fur- 
tlicnnorc, an efficient mechanism can be estab- 
lished in nearly every case of mitral stenosis, 
nils 1)^)0 of mobilization can be accomplbhf^ 
consistently only when the technically more 
adv’antagcous right-sided thoracic approach 
is used. 
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Relief of Subvalvular Stenosis. Subvalvu- 
lar “secondary” stenosis may be relieved in 
most cases by splitting the papillary muscles 
with end-on pressure with the finger tip. If 
this maneuver fails, the apex of the fused 
chordopapillary mass may be divided by 
special scissors, the papillary incision then 
being extended by digital pressure. 

Summary of Experience with Closed Tech- 
nique. The teclinique of neostrophingic mobi- 
lization of the mitral valve by way of the 
light thoracic approach has proved generally 
satisfactory. The over-all operative mortality 
in more tlian 600 patients operated upon by 
this metiiod has been approximately half (4 
per cent) of that experienced with the older 
operation (left-sided appro.ich). Moreover, 
complete relief of the stenosis is obtained in 
most patients. The diastolic murmur of mitral 
stenosis has been abolished in more than half 
of the patients. 

Surgical Treatment with Cardiopulmonary 
Bypass. Open surgery for mitral stenosis has 
been disappointing in most clinics. Partly be- 
cause of the deep posterior location of the 
left atrium, direct visualization of the atrial 
aspect of the mitral valve is none too satis- 
factory, and its ventricuhar aspect, the annu- 


lus fibrosus, and tlie chordopapillary supports 
are entirely hidden. Therefore, it still is neces- 
sary to perform the operation on the non- 
functioning valve essentially by guidance of 
die sense of touch. Because of fear of pro- 
ducing severe mitral regurgitation (which he 
cannot easily recognize or evaluate in the 
poorly functioning valve), the surgeon is con- 
strained to restrict the extent of valvular 
mobilization to less than the ideal limits. 

In instances of borderline operability, the 
closed technique may be rendered easier for 
the patient to bear and therefore safer, by 
using a “lieart-lung" apparatus to support the 
circulation. The venous return is removed 
from the right atrium by a large catheter in- 
serted through an incision made in the au- 
ricular appendage. After oxygenation, the 
blood is returned to a systemic artery. By 
this means, the left atrium is rendered smaller 
and the surgery may be carried out method- 
ically, without risk of sudden circulatory 
failure. At any time, in order to assess the 
extent of restoration of function or the possi- 
bility of creation of any incompetence, the full 
circulatory load may be returned to the valve 
by slowing or stopping the mechanical 
pump. 



Figure XVlI-12. Mitral stenosis. 

/t. Arcuate line of closure of stenosed nulral \aKe as seen m Mipine posture. GuiI* 
lotinc 11 applied and tlic original line of \al\c cleasage is opened an-itoinically and 
sliglitly beyond tlie luirm.d .inatomic limits ^ sexcr the (ilirous bridges at cither vaKc 
j>oIp. 

B. During di.istole, the b»gcr sepul leaflet ‘bends in tlic middle," providing .m 
efficient iiiwciisjwd "ffap-valve'* acbnn. Tlic sliorter umraJ Jc,iflct usually wJJ ii.ivc 
dcgincraUxl into a compkltly rigid fibrotic or calcific arcuate shelf which can never 
move again. 
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Figure XVII-13. Proof of U»e euslence of mitral \alve mcoiiipefencc and a roiigli 
quantitabon of its magnitude may be obtained by sentn'cniograpby. 

A Prcoperatjse ventnculogram obtained from patient ssiUi sescre mitral regurgb 
tatian Opacification of the left atnuiii nearly equals that of the aorta. 

B Vcntnculograms obtained in $a)ne patient 6 weeks after Xichols procedure. 
Note lack of opacification of left alnum. indicating a Ivigh grade of correction of the 
insuHicicnc)' (From Nichols, Jountal of Thoracic Surgery, Vol. 33, courtesy of C. 

Mosby Co. ) 


i\/l7fa/ /jlSU^C«€MCf/ 

Surgical Pathology. Mitral regurgitation 
often is combined with an clcmcot of mitral 
stenosis since it may be the end-product of 
similar changes. We may hat e “pure" stenosis, 
“pure” regurgitation, predominant stenosis 
with fess significant regurgifafuin, predomi- 
nant regurgitation with less significant ste- 
nosis, or relatively cfiual degrees of involve- 
ment. Other than in posttraumatic cases, 
there are but three basic types of mitral re- 
gurgitation: (1) congenital deformity of the 
valve, (2) dilabition of the left atrioventricular 
annulus fibrosus, and (3) shortening or rclrac- 
lion of the mitnil leaflets. Insuffidcnc>' is most 
likely to appear in the region of the postero- 
mcdi.il evtremit)’ of the “line of closure" 
where the mimwt systolic overlap is least 
(Chiethi and Bailey, 1954). 

Pathophysiology. With each cardiac con- 
traction, a ixirtion of tlic blood within the left 
ventricle is c-viH'lk-d into the left utritiin, dis- 
tending it and prudnciiig a characteristic pres- 
sure wave. W’itli .iny reduction in the stnike 
output, a larger-th.m-usudl proiiorlion of the 


ventricul.ir content is delivered into the rela- 
tively U)w-tensioned left atrium ratlicr tiuiii 
into die Jn’gher-tensioned aor^a. Thus, the 
coronary arteries are less well perfused at 
the time of the most critical ne^. Because 
of this basic circulatory instability, as well as 
the advanced degree of myocardial detcriora- 
(loii vv/n'ch these patients often present, etofed 
operations for mitral insufficiency' carry a 
greater risk Uian those performed for mitral 
stenosis. 

Diagnosis, Injection of isotopes, use of 
dyes, and measurements of pressure by cath- 
eterization of the right and left sides of the 
heart have not, in our hands, proved helpful 
in grading mitral insufficiency. We feel dial 
the best method of establishing the approxi- 
mate degree of mitral regurgitation is the 
radiographic technique of veulriculograpliy 
developed by Beato-Nunez and Ponsdom- 
encch (1951), Smith and associates (1954), 
Lehman and associates (1957) and Ravitch 
(see Wilder c/ ii!., 1957) (Figure XVII-13A. 

ft)- 

Closed Surgical .Method of Trcatiucnt. Of 
the many closc'd surgical tc'chniqucs which 
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have been proposed for the alleviation of 
mitral regurgitation, only the technique of 
polar plication of the annulus fibrosus which 
was devised by Nichols (1957) appears to 
be uniformly and permanently effective (Fig- 
ure XVn-14A*C). Hfo^vily calcified valves 
and those which are incompetent owing to 
congenital malformation or previous surgical 
trauma, usually are not amenable to tliis cor- 
rective technique. 

Polar Cross-Plication of the Annulus Fi- 
brosus with the Aid of Cardiopulmonary By- 
pass. Lillehei (see Lillehei et al., 1958), Mer- 
endino (1957), and Kay and Nogueira (1958) 
have modified tlie Nichols’ procedure, using 
an open operative technique to accomplish a 
similar type of annular plication. Nichols pre- 
fers the method of closed surgery with sub- 
total cardiopulmonary bypass (withdrawing 
blood from the right ventricle and returning 
it, after oxygenation, to a systemic artery) in 
patients whose poor general condition indi- 
cates the need for circulatory assistance dur- 
ing the actual operative procedure. 

EfHer and associates (1958) and Lillehei 
and associates (1958) have described meth- 
ods of ixirtial leaflet replacement wltli pros- 
thetics, using an open technique. 

Aortic Stenosis 

Aortic stenosis may be congenital or ac- 
quired. It is one of the commoner sequelae 


of rheumatic fever. In approximately 50 per 
cent of patients rheumatic lesions of the 
mitral valve coexist (Bailey, 1955). Rheu- 
matic aortic stenosis is characterized by com- 
missural obliteration and usually by calcifica- 
tion (90 per cent) which tends to involve 
both the fused commissures and the concave 
as^iects of the cusps. 

Pathogenesis of Rlieumatic Aortic Stenosis. 
Obliteration of the commissures as a result 
pf organization of exudate ^vhich “bridges” 
the “angles” formed by the adjacent cusps 
begins peripherally and progresses centrally. 
If symmetrical, this process gradually reduces 
the valve opening to a tiny equilateral triangle 
(with a residual central incompetence). More 
often, the process is asymmetric, one or two 
commissures remaining relatively unfused. 
The resultant residual valve opening then be- 
comes a slit (usually competent) rather than 
a triangle (incompetent). The cusps become 
thichened and often retracted, owing to or- 
ganization of supeiBcially deposited fibrinous 
exudate. 

Pathophysiology. As the reduction in tho 
size of the valve orifice approaclies a critical 
level (as calculated from data obtained by 
catheterization, about 0.5 sq. cm.), signs and 
symptoms of aortic obstruction develop 
(Goldberg et al, 1956). The necessity for 
propelling at least a minimally adequate 
amount of blood through the continually di- 



Figiire XVIl-14. Correction of mitral rcgiirsiuUon by polar cruss-pbeatiun of tlie .inniilit'i. 

A. Diagrammatic illustration of mitral \al\e incompetent m region of jiostiro-mitlial ixilc. 

B. Ht’.ivy m.lU^e^s sutures appluil threwgh the annular tissue in the region of tlic incoin(utinl p<il<-. 

C. Tjing ihe-se sutures brings the bases of tlic slioitciKxl cusps into closer proximity so th.it tlui fn-r 

margins can m.ike wstolio contact, tlins currexUng the regurgitation. 



1032 


PATHOLOGY OF THE HEART 



Figure NVlI'loA. Diagrammatic representation of Blanco's system of 
circulatory bypass which employs patient's own lungs for oicygcnalion. 
O represents auuhary ocygenator for emergency use only. 


minishiiig aortic aperture causes the left ven- 
tricle to undergo great “concentric” hyper- 
trophy, rnarked tliickening of tlie walk occur- 
ring with little or no enlargement of the 
chamber. Because of Uie low pressure-head 
within the first portion of Uie aorta, the effi- 
ciency of coronary perfusion is impaired. In 
the pretence of overwork of the left ventricle 
and great hypertrophy of its muscle, a stale 
of relative coronary insufficiency readily de- 
velops. 

The development of catheterization of the left 
side of the heart by Djork (1953; published, 
1934) and its populariaation in this country by 
Fisher ( 1934; see Kent et al., 1955) and Bougas 
and associates (1955; published, 1933) ha%e 
enabled us to evaluate the cardiac status of 
patients wiUi aortic stenosis witli considcmible 
accuracy as well as to recognize the coexistence 


of otlier vaKailar lesions, it is felt that a systolic 
gradient of 50 mm. mercury or more across the 
aortic \aKe is indicative of a severe grade of 
stenosis. 

Surgical Procedures for Aortic Stenosis. 
Closed surgery' for aortic stenosis has been 
Ijracticed generally either by Uie passage of 
a dilator through tlie left ventricular wall or 
by the insertion of a finger (and instrumeut) 
tlirough a pouch sutured to an incision made 
in the first portion of the aortic wall ( Bailey 
et al., 1952, 1953; Bailey and Likolf, 1955, 
1957). It now is conceded generally that 
these techniques are inadequate and that the 
logical approach to tliis lesion is an open one. 
In congenital defects, hypothermia may be 
used. In acquired disease, cardiopulmon.iry 
bypass is preferable. Because of the pro- 
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longed period of meticulous surgery that is 
necessary, the use of tlie autogenous lung 
(Blanco, 1957; published, 1958) is much pre- 
ferable to simple artificial oxygenation (Fig- 
ure XVII-15A). Direct perfusion of tlie 
coronary arteries witli 100 to 200 ml. of 
arterializcd blood per minute maintains myo- 
cardial vigor (Figure XVII-15B). 

Not only may the cross-fused leaflets then 
be separated witli critical accuracy, but 
looscl>’ attached calcific fragments may be 
extracted with case. In some instances, the 
cusps will ha\c lost their deep cup-like con- 
figuration and Uicn must not be delaclied 


from tfieir adherent and supporting fellows 
lest regurgitation ensue. 

Gradually it has become apparent that 
there is a “usual” pattern to the scarring and 
the calcific involvement of the stenotic aortic 
valve. Tliese limestone deposits are prone to 
develop within and beneath the fused com- 
missures and within and upon the substance 
of tire concave face (fibrosa layer; see Gross 
et al., 1930) of each cusp. It would seem 
that the aortic cusps, like the mitral leaflets, 
have two faces which behave differently. 
The atrial face of the mitral leaflet and the 
concave face of the aortic valve tend to be- 
come thick and scarred and the site of calcific 
deposition. Contraction of the scar tissue 
leads to shortening and retraction of the en- 
tire aortic cusp even though the convex or 
ventricular face of the cusp (spongiosa layer; 
see Gross et al, 1930), except at the com- 
missures, tends to remain thin, smootli, and 
uninvolved by the calcific process. 

Usually jt is possible by a “sculpturing” or 
“thinning” technique, utilizing both sharp dis- 
section and the use of rongeurs, to remove the 
concave surface of the aoibc cusp without injury 
to the convex one. This thinning and mobiliza- 
tion impart both flexibility and appreciable addi- 
tional length to each cusp so that both the ste- 
nosis and any coexisting regurgitation are reduced 
or overcome. WluJe it may not be possible in an 
individual case to mobilize all 3 cusps, nearly 
always 1 or 2 will prove .amenable to this tech- 
nique. In those few vaKes in which tlie calcifica- 
tion does involve the convex face of a cusp, if 
surgical "thinning” is undertaken at all, the in- 
tegrity of the endothelium of the opposite surface 
must be maintained by hiniting the “sculpturing” 
to but one face (in this case, tlie com ex one). 

Aortic Regurgitation 

Patliologic Changes. Incompetence of the 
aortic valve may be caused by dilatation 
of the aortic root, by distortion or prolapse 
of a cusp, or by shrinkage, retraction, or 
deformity of the cusps such as occ-ur in rheu- 
matic aortic stenosis. Abnonn.ilities of the 
cusps may he caused by congenital deforma- 
tion, trauma, rheumatic disc.ise or bacterial 
endocarditis. Sxphilitic aortitis and Marfan's 
^mdrome (1896) classically produce dilata- 
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Figure XVII-16A. Sjinmetrical dilatation of the aortic root causes llic free jiurgins of the iioriiial cusps to 
extend Lie geometric chords across 120* arcs of the circular aperture. 

B. Profapse or tfefbniuly of a cusp 

C. Photograph showing shriiiVage and deformalioii of aortic cusps as result of rheumatic saUuhtis, cans- 

ing Iwtli insullkiency and stenosis. 


Hon of ihe first portion of llie aorta (Fig- 
ure XVII-I8A, B, C). Syphilitic aortitis may 
extend to the aortic valve and cause separa- 
tion of the commissures with resulting aortic 
regurgitation. 

Pathophysiology. Aortic incompetence 
amounts essentially to an aortico-left ventric- 
ular fistula, the si 2 e of the communication 
(valve area open during diastole) being a 
direct measure of tlie severity of the condi- 
tion. As a result of backward flow through 
this fistula, the left ventricle is overworked 
and becomes progressively hypertrophied and 
dilated. The lack of diastolic guarding at the 
valve level causes a rapid “run-o0" of aortic 
pressure which may approach zero by Uie end 
of diastole. Coronary perfusion, the major 
portion of which normally occurs during tlie 
diastolic period (Gregg and Green, 19d0). 
now perforce must take place largely during 
systole. With the attendant ov'cnvork of 
the hypertrophied left ventricle, a state of 
relative coronary insufficiency readily de- 
velops. 

Surgical Procedures for Aortic Insuffi- 
ciency. While the insertion of a plastic ball- 
valve into the continuity of the descending 
thoracic aorta (Hufnagel, 1951) has been 
practiced widely in the past, it noxv is felt 
that, to be truly efl’ective, the aortic valve 
must precede the take-off of the coron.iry ar- 
teries. 


In aortic insulRciency associated with dila- 
tation of the aortic root, the inc-onipeteiit tri- 
cuspid valve may be converted into a com- 
petent bicuspid valve by u plastic operative 
procedure upon die first portion of the aorta, 
involving excision of the noncoronary cusp, 
which we have called “bicuspid conversion” 
(Bailey and Zimmerman, 1D58). An open 
technique will) cardiopulmonary or cardiac 
bypass is essential (Figure XVIMTA-I?)- 
Coronary arterial perfusion is desirable to 
maintain myocardial vigor. 

For instances in which the aortic root is not 
dilated but in which one or two cusps are dis- 
torted or become prolapsed, another type of 
"bicuspid conv'ersion” was first performed by 
Lillehei and associates (1958). Two of the 
cusps are sutured together to form a single 
large functionlcss cusp, using Ivalon sponge 
buffering of the suture line. Tlie third cusp 
is chosen for its anatomic soundness and 
serv'es to provide a unicuspid type of valve 
action. While this is not as desirable as bi- 
cuspid or tricuspid valvular function, it is for 
preferable to valvular incompetence. 

Tlie valvular incompetence which may be 
associated widi aortic stenosis usually can l>c 
corrected by tliinning and sculpturing of the 
thickened cusps, as described previously, since 
this technique achieves an effective lengthen- 
ing of the retained convex face. Hov\evcr,if 
end-stage of tlie lesion precludes rc-storatioii 
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of mobility of the cusps, the noncoronary cusp 
simply may be excised, thereby relieving the 
stenosis. The hvo remaining cusps then are 
“lengthened” greatly by suturing, to their 
free margins, strips of aortic wall 1 5 cm. 
wide, which remain pedicled at the base of 
the resected cusp. By attaching the upper 
margins of the strips anteriorly to the arterial 
wall and posteriorly to the prosthetic patcli 
which is used to repair the aorta, a function- 
ally competent bicuspid aortic valve will be 
created. This may be regarded as a still differ- 
ent type of “bicuspid conversion” (Figure 
XVJI-18A-C). 

Tricuspid Stenosis and Insufficiency 
These lesions occur not infrequently in as- 
sociation with mitral stenosis and even more 
commonly in patients with botli aortic and 
mitral stenosis. Diagnosis of lesions of the 
tricuspid valve is difficult and often incorrect 
even after thorough physiologic study. Direct 
exploration of the valve by the insertion of a 
finger into tlie rigljt atrial chamber appears to 
be a reliable diagnostic maneuver. Tricuspid 


stenosis may be relieved by a closed proce- 
dure separating one or more of the com- 
missures instrumentally or digitally by a 
technique similar to that used in mitral com- 
missurotomy. Tricuspid regurgitation may be 
relieved by plication of the annulus fibrosus, 
such as tliat employed in the Nichols tech- 
nique for correction of mitral insufficiency. 

Atherosclerotic Heart Disease 
Surgical Considerations. Atheromata tend 
to occur within the coronary arteries as in- 
timnl or subintimal plaques. According to 
Schlesinger and 2^11 (1941), in the earliest 
l)hases this process nearly always is limited 
to the first 2 cm. of the right coronary artery 
and the region of the bifurcation of the left 
main coronary artery. Although apparently 
of metabolic origin and, therefore, funda- 
mentally a medical disease, it appears that 
coronary atherosclerosis sometimes may be 
benefited by surgical intervention. Some of 
the procedures proposed are designed merely 
to relieve tlie pain of tive accompanying an- 
gina by interruption of nerve fibers, and must 



Figure XVJI-17. Surgk'jl foncclion of "pure'’ aortic ui’iuflituncy b>’ ‘bitu'pid con- 
version’’ of the \alvc. 

A. An ellipse of .'lortic wall cniliraang one-thml of its circuuifcri-iice is tAtistxl. 
The iiiciMOU extsiids down iiilu the sinus of Valsalva of the noncoroiury cusji. 'Hic co'P. 
too, IS reseetid hut tlie tfiick fibrous line of its aortic attasliiiicnt is pri-sersfil. 

U. Cross-scLliiin of npairccl aorta at tlic \al\u level. Note tli.it the approvini.idim 
of the coniinissvirts .it uther extremity ctf tlie nsceUtl cusp bnngs the free margins of 
the rcHi.iiiung c»»i» togeJhir as parallel and, tlicrcferc, i-ontipiioits duimctt'rs of the 
reduced circular passage. 
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Figure XVII.18. Surgical comerston of a severely damaged, stenotic and regurgitant aortic valve Into a com- 
petent and functional bicuspid one by the use of pedicicd grafts of the aortic wall and ctcision of tlie non- 
coronary cusp. 

A. Tlie noncoronary cusp is excised and a double fuD-thickiiess flap is prepared from tlie aortic wall, pc- 
dlcled at the site of cxdsion of the cusp. 

B Hie flap is bucUed posteriorly and is sutured antenorly to the aortic wall, and laterally to tlie two 
remaining cusps in a way that lengthens them greatly. 

C. Kepair of the aortic wall w-iih a water-tight provthebc patch and attaclunent to it (posteriorly) of tlie 
double aortic flap. 


be termed “’palliative.” These include the 
various operations for sympathectomy and for 
denervation of the aortic or carotid plexus. 

The “physiologic’* jnoceduTes for coronary 
artery disease are those which are intended to 
influence favorably the ratio of existing coronary 
flow to m>ocardiaI demand. In one t>’pe, com- 
prising the various thyroid destructive operations, 
an attempt is made, by reducing the metabolism 
of the body, to lessen the m>ocardia1 demand for 
blood to a level which the narrowed coronary 
arteries can supply. 

Operations for Revascularization. In other 
tjTies of “physiologic” procedures, an attempt 
is made to increase the blood supply available 
to tlie myocardium cither locallj' or generally. 
Tliese are described loosely as "revascular- 
izing” operations. 

Siimtilation of intercoronanj atiasfonwUc 
channels. Since an clFectivc collateral mecha- 
nism obviously is of the utmost value in per- 


mitting an efficient redistribution of the re- 
maining coronary arterial flow in the presence 
of progressing atherosclerosis of the coronaiy 
arteries, it is logical that efforts should have 
been directed toward augmentation of tlie 
normally existing but minute "intercoronary 
arterial communications” by surgical means. 
The introduction of silicate powders (and 
certain other irritants) into the pericardial 
sac, as suggested by Feil and Beck (IfMl) 
and Thompson and Raisbeck (1942), has 
been demonstrated to have this effect. Liga- 
tion of the great coronary vein or subtotal 
ligation of the coronary' sinus, as recom- 
mended originally by Gross and associates 
(1937), and subsequently by Beck (1941) 
and Fauteiiv (1946), has a similar and per* 
haps greater effect. Tlie more riskw procedure 
of arterialization of the coronary sinus by t)>e 
surgical production of an arteriovenous fistula 
vvitii the aorta and subsequent subtotal liga* 
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tion of tlie sinus, as proposed by Roberts and 
associates (1943), Beck and associates (1948), 
and Kralik (1955), has an even more pro- 
found effect in dilating the intercoronary 
arterioles or “loosening” the myocardial 
“sponge.” 

The combination of instillation of a silicate 
powder into the pericardial sac and subtotal 
ligation of tlie coronary sinus appears to stim- 
ulate a considerable augmentation of the 
intercoronary collaterals, tlius providing a 
more efficient over-all distribution of what- 
ever coronary arterial circulation remains. 
The surgical mortality rate of this procedure 
(known as the Beck I operation) is low, and 
the observed clinical benefit is considerable. 
In poor operative risks, simple instillation of 
silicate powder into the pericardial sac ap- 
pears safer and reasonably effective. 

Addition of a new source of blood to the 
myocardium. While Thompson (1942) be- 
lieves that some additional blood supply may 
be provided to the ischemic myocardium by 
the development of vascularized adhesions 
between the pericardium and the surface of 
the heart following the intrapericardial in- 
stillation of a powdered silicate, it lias not yet 
been possible to demonstrate an appreciable 
How through them to tlie myocardium. 

Beck’s (1935) implantation of the pedicled 
pectoralis minor muscle upon the abraded 
surface of the heart, O’Shaughnessy’s (1936) 
cardiomentopexy, and Carter’s (1948) appli- 
cation of the left lung upon the surface of the 
left Ventricle all were designed to bring a 
new blood supply from an e.\tracardiac source 
to the superficial layers of the left ventricle. 
Tlie not infrequent observation of infarction 
of tlie deeper layers of the left ventricular 
wall (subendocardial necrosis) in the pres- 
ence of a more superficial overlying layer of 
apparently normal myocardium would sug- 
gest a fallacy in this type of surgical reason- 
ing unless some measure were to be taken 
simultaneously to augment the minute intcr- 
aiterial communications which normally ex- 
tend between the various layers of the spiral 
muscles. 

Vineberg’s (1946) suggestion that the left 
intenial mammar>’ artcr>’ be mobilized and 


divided and that tlie open bleeding end of 
die upper segment be implanted within the 
thickness of the left ventricular wall, appears 
to offer an effective metliod of bringing a new 
source of blood to the ischemic myocardium. 
While the grafted artery gradually does un- 
dergo luminal obliteration when implanted 
into the myocardium of normal dogs (Nep- 
tune; see Angulo et nl, 1953; Bakst ct at, 
1955), it remains open and functional when 
the heart of the experimental animal is ren- 
dered ischemic either by minor coronary 
ligations in multiple stages or by gradual oc- 
clusion of tlie major branches. 

Endarterectomy. Since atheromatous 
plaques forming within the coronary arterial 
system tend early to be of limited and seg- 
mental distribution, it was suggested by ^lay 
( 1956, see Bailey et ah, 1957 ) that they miglit 
be removable by endarterectomy. Radio- 
graphic demonstration of the coronary pattern 
by Amulf (1957), Dotter (1957), Lehman 
and associates (1957), and Lemmon (1957) 
offer great promise for more accurate diag- 
nosis and localization. 

Direct coronary endarterectomy was under- 
taken by Bailey (on October 20, 1958), a 
specially designed curette being passed up- 
ward (from tlie apex of tlie ventricle toward 
the base) through an incision made in an 
“expendable” brancli of the left anterior de- 
scending coronary artery to remove a partial 
obstruction located near the origin of this 
vessel Prolonged i>ostoperativD hepariniza- 
tion has proved necessary to prevent subse- 
quent thrombosis of the coronary artery at 
the site of such intimal traumatization. Up 
to the time of tliis writing, 8 such operations 
had been perfonned without an early death; 

1 patient died 7 months after surgery. Six 
of the patients appeared objectively to have 
been improved. 

Alteniatively, endarterectomy may be per- 
formed by insertion of a curette or specially 
designed instrument through the nnnnnl coro- 
nary ostium (successfully accomplished by 
Bailcy on November 13, 1957). Tliis necessi- 
tates wide aortic incision and c-ardiopuhno- 
nary or airdiac byiiass, preferably with coro- 
nary perfusion. Local hcpariniz-ition by 
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means of a polyethylene tube introduced 
through the aortic wall is used to prevent 
l)ostoperativc thrombosis at the site of intimnl 
traumatization. With this latter method, one 
has the advantage of a more flexible surgical 
technique (since all 3 major coronary arterial 
branches may be approached by w’ay of 
their ostia ) and the use of a somewhat larger 
instrument. Longmire (1958) has opened the 
coronary artery directly in order to petfonrr 
endarterectomy. Conceivably, it may also be 
feasible in the near future to operate in this 
fashion on an emergency basis for acute com* 
nary occlusion, both the throinhus and the 
atheromatous iflaque being extracted simul- 
taneously ( "tlirombo - endarterectomy" ) be- 
fore irreversible necrosis of the isclicmie myo- 
cardium has taken place. 

Ventricular Aneurysm 

True Ventricular Aneurysm dex'clops upon 
a site of myomalacia, generally that resulting 
from acute coronary occlusion. Tlie scar of a 
healed myocardial infarct always is much 
thinner than the original ventricular xv,dl. but 
usually is tough and leathery, well cap.»ble 
of tolerating tlie intraventricular pressure. In 
a minority of cases, generally estimated at 
about 10 per cent, but tliouglit by some to Ik* 
as high as 20 per cent (Schlicter ct al., 1954), 
the scar is not strong enough to tolerate the 
continuovisly repeated build-up of intraven- 
tricular tension, and bulges to form an aneu- 
rysm. 

Death usually occurs in >enlricular .ineurysm 
wiUiin 3 years, generally from heart failure or 
from arterial embolism secondary to mural throm- 
bosis. Actual rupture is rare. Persistence of a 
severe anginal s>^ldrome and the extreme restn'e- 
tions in physical activity wluth are imposed by 
the small myocardial reserve, render these patients 
distressful during their limited period of re- 
maining life. The loss of cardiac reserve is related 
chiefly to the paradoxic distension of the semi- 
elastic aneurysmal sac which occurs during ven- 
tricular systole, and its collapse during diastole. 

Subtotal resection of postinfarch'onal aneu- 
rysm of the left ventricle (Likoff and Bailey, 
1954-, published, 19^) usually results in dra- 
matic and persistent clinical improvement. 


First, line should e.xplore the interior of the 
Irft ventricle by passing a finger through the 
mitral valve (by way of the purse-stringed 
left auricular appendage) in order to estab- 
lish the presence or absence of mural throm- 
bus within the aneurysmal sac. If present, 
it may be c.xpcllcd by a "flush-out" tech- 
nique in which the fundus of the aneurysm 
is widely incised wlsile dentate hemostatic 
clamivs arc in place but unclosed. 

It is essential in these cases tlut no at- 
tempt be made to excise the entire area of 
scarring lest the ventricular capacity be re- 
duced ivelow minima! requircmenls. Only 
the dilated or bulging portion of the aneo- 
ryvm should he resected. Tin’s technique has 
been called "ventriculoplasty," the ventricle 
merely being "tailored" to an appropriate 
and sliape. Alternatively, an open tcclmtqne 
may be employed, if necessarv’. 

False Ventricular Aneurysms may develop 
following trauma by penetrating wounds or 
a surgic.ll ventriculotomy. In these cases, tlie 
S.IC usually is "false," being formed from 
thickened pericardium or oilier contiguous 
.idhcrcnt tissues. The communicating neck 
between the aneiir>'sm and tlie ventricle uso* 
ally being small, the patient e.xi)orfenccs rela- 
tively little physiologic handicap. In these 
cases, however, the risk of progressive en- 
largement and ev’eiUual rupture of the sac 
is considerable and justifies surgical correc- 
tion. This has been accomplished successfully 
(Bailey, 19-56; see Smith et al., 1957) as fol- 
lows: Tile small ventricular communication 
is tamponaded by a finger inserted into the 
lumen of the aneurysm by way of a purse- 
stringed incision made in its fundus. Tlie sac 
is cut away and the communicating fistula is 
closed by the passage of sutures beneath the 
tampnnading finger. 

Congenital Diverticulum of Ventricle. Di- 
verticulum of the ventricle may be regarded 
as a ventricular aneuiysm of congenital origui. 
These rare oulpouchings from the ventricular 
lumen cause little or no physiologic difficult)'. 
Tliey appe.xr as obliquely directed pulsating 
masses beneath the skin of the epigastriiim 
•wbwdi eau be demonstrated by opacification- 
radiography to communicate with one or 
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both ventricles. Rupture and death during 
infancy or childhood is the usual outcome. 
Tlie surgical treatment consists of simple 
amputation and repair distal to a noncrusliing 
clamp. 

Neoplastic Disease 

Primary or secondary malignant tumors of 
the heart rarely are amenable to surgical re- 
moval except in the case of local extension 
from a bronchiogenic carcinoma. Benign tu- 
mors of the heart often may be excised, with 
cure. Of these, the commonest and most im- 
portant is the so-called myxoma or “cardioma” 
( Stout, 1955 ) of the atrium. This usually 
pedunculated lesion, of controversial origin, 
arises within the atrium (usually the left) 
from the margin of the fossa ovahs. As it 
grows, it extends down toward the orifice of 
the respective atrioventricular valve and may 
produce the usual evidence of stenosis or in- 


sufficiency of that valve (Likoff et ah, 1954). 

A myxoma of the right atrium may be re- 
moved by simple atriotomy while the venae 
cavae are obstructed temporarily, preferably 
with the patient under hypothermia. Similar 
lesions occurring within the left atrium can 
best be removed under normothermic condi- 
tions by an open technique with the aid of 
cardiopulmonary bypass (Crafoord, 1955). 
Nichols (1956) has devised a closed method 
for removal, if their presence has been un- 
suspected prior to surgical exploration for 
supposed mitral disease. A “net” of nylon 
upon a snare-type of instrument passed into 
the atrial cavity is used to entrap the tumor 
before detaching its pedicle with the intra- 
cardiac finger. The enveloped mass then is 
extracted from the atrium, tlie ejjcased ma- 
terial being morcellated and deformed if the 
tumor is too large for intact removal by way 
of the appendageal (or atrial) incision. 
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Non ui sed nrfe.* 

GROSS EXAMINATION OF THE HEART 


T ire CROSS examination of the heart is only 
a part of the complete autopsy, and subse- 
quent histologic examination must be carried 
out in the elucidation of the morphologic 
changes produced by disease and their in- 
fluence in the causation of death. While it is 
essential to make a careful examination of the 
exterior of the body, the serous cavities, all 
the organs, and the peripheral vascular bed, 
only the technique of opening and dissec-ting 
tile heart will be considered here. Of the sev- 
eral methods, only one will be described in de- 
tail, and two others will be mentioned briefly. 
Extensive experience points to the importance 
of opening the lieart in conjunction with the 
lungs and great blood xessels. Thus, the aorta 
must be opened in continuity xvitli the aortic 
valve and left ventricle, and the pulmonary 
trunk in continuity with the right ventricle, 
pulmonary xaKe and lungs. Although such a 

[H 


dissection in conjunction with adjacent struc- 
tures way be ciunbcrsowe^ a number of de- 
tails are likely to be missed if the heart is 
separated from the rest of the organs aiid 
examined alone. 

The following instruments are recom- 
mended for dissection of the heart: a knife 
with a long-bladcd single cutting-edge, often 
called an amputation knife; un entcrotome; a 
small dissecting scissors, to open the branches 
of the coronary arteries; one or two pairs of 
forceps; and several hemostats and a probe. 

If a blood culture is desired, die sample of 
blood should be removed from the heart at 
the beginning of flic autopsy. The ]5eric.irdijl 
sac b incised and the ventral surface of the 
riglit atrium cauterized xvitli a hot siialula. 
TIic blood for culture of organisms is drawn 
from the right atrium with a sterile needle 

* “Not by fortc, but by jrt.” From lhad. Book 2.3. 
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Figure XVIII-l. A device by Kulka for dcnionvirjtirig 
air embolism. (From Kulka, W . A prACli<..il dc\i<c 
for demonstrating air embobi-ni. Arch Path., -W.Obd- 
369, 1949. Courtesy of Archii.cs of Pathology.) 

and syringe, or widi a pipet. Gende pressure 
upon the liver will aid in obtaining the sample. 

In the following discussion, it is assumed 
tlrat tire autopsy has progressed to the stage 
where it is possible to remove the heart, large 
vessels, lungs and the ascending aorta cn 
masse, after cutting the descending aorta just 
above the diaphragm. These organs arc placed 
on tile autopsy table with the ventral surfaces 
of Uie lungs and heart in tlie immediate view 
of the prosector, the arch of the aorta being 
directed away from him. As stated above, 
tile heart during its dissection must be left 
in continuity with the adjacent structures. Hie 
pericardial sac is now opened by me<iDs of 
scissors, if It has not previously been opened, 
in order to take a specimen of blood for cul- 
ture. It is incised in tlie region of tlie apex of 
the heart and a triangular flap is cut in the 
ventral portion of the parietal pcricardiuin, 
tlie flap corresponding roughly to the size 
of tile ventral wall of the heart. Tliis flap is re- 
flected cephalically from the heart but left 
attached to the aorta in the region of the re- 
duplication of die pericardium. Care must be 
taken to observe die type and amount of fluid 
wliich is present widiin the pericardial cavity* 


Before opening the heart it is sometimes 
imi>erative to ascertain the presence of air or 
fat emboli in the right ventricle or pulmonary 
trunk. To dcmonstralc air emboli, water is 
introduced into the pericardial sac, the in- 
cised sac being held taut with hemostats or 
forceps applied to its cut edges. TJie right 
atrium may now be opened under water and 
the escape of air bubbles observed. Minute 
air bubbles, indicating postmortem decom- 
position, are almost constantly noted. If fa- 
cilities arc available, it is better to immerse 
both the heart and the lungs in a deep pail of 
water. Tims, the pulmonary trunk c.in be 
opened under water, and slight pressure upon 
the right ventricle will allow the escape of 
air from the ventricle. Fat emboli miglit also 
l>e demonstrated. 

Air Embolism. A practic.il device for dem- 
onstrating air embolism was recommended by 
Kulka (1949). Tin’s mclliod can be used for 
quantitative and qualitative demonstration of 
air or other gases that may be present in the 
cardiac venlricles. 

Figure XVllI-1 shows Uic np^iaratus for tiie 
demonstration of air embolism. The apparatus 
consists of tlie following parts: 

A. A wide-moulhed glass bottle of 2- or 3- 
ounce (60 to 90 ml.) capacity, fitted lightly wilJi 
a two-holcd rubber stopper. 

B. Two sccliuns of glass tubing witJi an inside 
diameter of approximately 3 mm., each section 
being bent at an angle of 120 degrees. One of 
these sections should be longer tlun the other. 
The shorter one should reach just through the 
stopper and be even with the inner surface of 
the stopper. The longer one should reach to 
within I or 1.5 cm. of the boUom of the flask. 
Both tubes should fit tiglitly into the holes of 
the stopper. 

C. One separatory funnel (pc.ir-shjped and 
of 60- to lOO'inl. capacity) connected to the 
longer section of bent glass-tubing b>’ rubber tub- 
ing 100 cm. in length (F). An amber, pure-gum 
rubber tubing, such as is used on blood diluting 
pipets, has proved satisfactory. 

D. One transfusion needle, No. 14 or 15 
gauge, 4 or 5 cm. in lengtli, connected to the 
shorts glass lube by a short section of rubber 
tubing not exceeding 5 cm. in lengtii (F). 

E. Two pincheock clamps, one for each lenStl^ 
of tubing. They may be of the spring type or of 
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the household-syringe type. The latter will prove 
advantageous if the gas collected is to be trans- 
ported for analysis. 

The entire system is filled with liquid petro- 
latum so that when the funnel is at a level with 
the upright bottle the oil fills about one-half of 
the funnel. 

Technique. In operation the funnel is first raised 
to a position 30 or 40 cm. above the level of the 
upright bottle. All the stopcocks are opened and 
the position is retained until every trace of gas 
has been driven from the system through tlie 
needle which is thereby coated on the inside by 
a film of oil. After all air has been expelled, the 
stopcocks are closed and the funnel lowered once 
again to its original position. 

As a precautionary measure and control, the 
airtightness of the whole system sliould be tested 
before operation. This is done by inserting the 
needle into musculature or skin and altemplmg 
to induce aspiration m the following manner. 
The bottle is inverted and the needle inserted 
itito the cavity in question. When the needle is 
in position, all stopcocks are opened. The funnel 
is lowered about 70 to 90 cm., or until adequate 
Suction is created. The contents of the cavity are 
thereby aspirated. The contents may be air or 
other gases, either pure or mixed with blood or 
other liquid. Any gas or liquid entering this sys- 
tem may be observed through tlie wall of the 
short bent glass-tubing. If the test is positive, 
gas bubbles will collect in tlie bottle above the 
level of the oil. If desired, this gas may now be 
saved for furtlier examination by closing all the 
stopcocks and retwTOmg the bottle to Us upright 
position. 

Opening the Heart. Tlie heart is now lifted 
up from the posterior parietal pericardium, 
and held with the left hand in such a fashion 
that, if normal in size, it is almost completely 
encircled, the four fingers and the palm en- 
circling the riglit ventricle, the thumb par- 
tially encircling the left ventricle. Tlie heart 
is rotated about 90 degrees so that its left 
margin (margo obtusus), exposed between 
the thumb and tlie tips of the fingers, faces 
the prosector. The long knife, held in the 
right hand, now cuts the left ventricle along 
its left lateral margin (Figure XVIII-2). The 
four fingers of the left hand are now inserted 
into the left ventricular cavity through this 
cut and the ventral wall of the left ventricle 
is held betw'ccn the thumb and tlie four 


fingers. The apex is raised from the table and 
the heart tilted so that the line of the margo 
obtusus forms an angle of about 90 degrees 
with the aorta. A large knife (amputation 
knife) is held near the end of the handle and 
loosely between the thumb, index and middle 
fingers of the right hand, and made to pierce 
the apical portions of the wall of the right 
ventricle at its lateral margin (margo acutus) 
and penetrate the right ventricle. It is di- 
rected through the right ventricuhr cavity 
and through the tricuspid orifice and pierces 
the right lateral wall of the right atrium from 
within, the tip of the knife emerging through 
its lateral margin (Figure XVIH-3). These 
openings in the right ventricle and right 
atrium are connected by splitting open tlie 
right ventricle along its lateral margin ( margo 
acutus), with the blade of tlie knife resting in 
the right ventricle. Tins incision is made from 
within the ventricle and atrium. It exposes 
the right ventricular cavity and a portion of 
the right atrium and cuts through the tricus- 
pid valve along its right lateral margin. The 



iiun;in of tlic left \cntntlo. 

\VllI‘2 to .W'fIf-10. rii>roJut«i liy 
tourtciy of Paul IIcKbcr Co.) 
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Figure XVin-3 Diagram ^hovMng the patli 
of tfie incision along the lateral margin of 
the right ventncic. The bbde cuts from 
within the \entnclc and atrium 

heart is now again placed in its normal posi' 
tion and the blunt blade of an enterotome is 
introduced into the right atrium which is 
completely opened by continuation of the 
ventricular incision. From tlie atrium the 
enterotome is also inserted into tlie superior 
and inferior venae cacae, both of which are 
now opened by continuing the atrial incision. 
The presence or absence of an open foramen 
ovale may be ascertained now. 

The pulmonary valve and the piihnonary 
trunk are exposed next. The heart is main' 
tained in its normal position. Tlie four fingers 
of the left hand are placed into tlie riglit ven^ 
tricular cavity and the ventral wall of the 
right ventricle is held between them and the 
thumb. With the enterotome directed by 
the right hand, an incision is made through the 
wall of the riglit \ entricle, producing a 
roughly triangular flap (Figure XVIII-4). This 
incision starts at tlie apex, extends very close 
and parallel to the interventricular septum 
and cuts through the pulmonary valve and the 
pulmonary trunk. After completion of this in- 


cision. die opened pulmonary’ trunk is imme- 
diately examined for the presence of an em- 
bolus. For this purpose the vessel is carefully 
washed with a stream of u'ater. If Uiere is a 
patent ductus arteriosus, it may also be noted 
now. Tlie right chambers and the tricuspid 
and pulmonary valves are now examined. It 
is imperative to look for mural thrombi in the 
riglit auricular appendage. In this examina- 
tion it is recommended that a small portion of 
the sharp edge of the appendage be cut with 
scissors from the outside, and the inner wall 
e.\amined through this incision. 

Completion of the opening of the left side 
ol tlie heart follows. The left X’entricle ivas 
previously opened along its lateral margin. 
The index finger of the right hand is now 
introdurx^ into the left atrium through (he 
mitral valve to palpate for evidence of stenosis 
of its orifice. If the orifice is stenotic a dif- 
ferent procedure is indicated which will be 
referred to later. If stenosis is not manifest, 
the blunt blade of tlie enterotome is intro- 
duced through the mitrol valve into tlie left 
atrium and both the valve and the atrium arc 
cut open along die left lateral border of the 
heart by continuing the line of Uie first in- 
cision made to open the left ventricle. Care 
must be taken, in making this incision, that 
the end of the enterotome is directed through 
the mitral orifice and not through the aortic 
orifice. After tlie left atrium is exposed the 
pulmonary veins which enter into it should 
be opened and insiJected. Tlie presence or 
absence of a foramen ovale has been pre- 
viously ascertained. 

The next and most difficult incision exposes 
the aortic valve and the ascending aorta. Tlie 
heart is placed in its normal position. It is 
wise first to insert the index finger of Uie right 
band tlirough the aortic valve to determine 
if its orifice is stenotic. If stenosis is found, 
a different procedure is indicated. This uiU 
be mentioned later. If there is no stenosis, the 
four fingers of tlie left hand are placed in the 
cavity of the left ventricle. The ventral wall 
of the left ventricle is held between them 
and the thumb which should be in contact 
with the ventral surface of the left ventricle 
(Figure XVIII-5). Tin's iiosition appears 
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somewhat awkward, since during the next 
incision the left hand, holding the flap cut 
from the ventral wall of the left ventricle, is 
placed above and across the right hand. The 
blunt blade of the enterotome, held in the 
right hand, is introduced into the left ventricle 
and the ventral wall of the left ventricle is 
incised, the incision extending cephalically 
from the apex, parallel to and close to the 
septum through the aortic valve and into the 
ascending aorta. Tins incision of necessity 
cuts through the pulnronary trunk which is 
transected above the pulmonary valve, care 
being taken that this valve is not injured. Such 
injury is avoided if the line of incision is 
directed just between the left auricular ap- 
pendage and the outer aspect of the pulmo- 
nary valve which can easily be palpated. The 
aorta is opened to its arch and from there 
along its dorsal surface. If the thoracic por- 
tion of the aorta, removed in continuity with 
the heart, has been previously opened, the 
enterotome, after opening the arcli, is directed 
toward the line along which the descending 
thoracic aorta has been opened. The left ven- 
tricle and particularly the mitral and aortic 


valves are carefully washed with a stream of 
xvater and may now be studied. During this 
procedure care must be taken not to remove 
thrombi which may be mistaken for clots. The 
latter are often yellow and elastic and are 
easily removed by a stream of water. Thrombi, 
however, are gray or dark red, attached to 
the wall and are not easily removable. They 
may be ragged or smooth. Often clots aie 
heavily intermingled with vegetations of acute 
or subacute bacterial endocarditis. For means 
of distinguishing these, see page 713. The left 
auricular appendage must be examined for 
thrombi in a manner similar to that described 
for the right auricular appendage. 

Procedure to be Followed in Stenosis of 
Valvular Orifices. Stenosis of the valvular 
orifices is best demonstrated in unopened 
valves. Tlierefore, in instances of of 

the mitral valve a separate incision into the 
left atrium up to the mitral ring should be 
made, instead of continuing the ventricular 
incision through the mitral valve. This open- 
ing into tlie left atrium is made along the left 
lateral margin of the atrium following tlic 
line of the incision made to open the left 


Pulm. A. 



Figure .WIIM {Icfl). Diagram of iitciMoit lliruugh the wall uf ihi.' right vt’iilnclv. 

Figure XVni>5 (ngfit). Iniuum of the Mntral wall uf the lift M-nlmh'. The llap cut fruni 
(he Wall rctr.ictixl with tlic left hainl while with the right h.iinl the hl.ide iiitiochio'd into 
the scntricle. 
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Figure XVllI-0. Incision of the right 
atnutn of an isolated heart. Tlie incision 
IS made between the openings of the In- 
fenor and supenor venae cavac. 

ventricle. The exj^osure of the left alriuin 
should be enlarged by opening tlie mouths of 
the pulmonary veins. Tlius, the mitral orifice 
can easily be viewed. In stenosis of the aortic 
orifice the incision which goes along the sep* 
turn of the left ventricle must not be con- 
tinued through the aortic valve, but termi- 
nated where the base of the aortic valve comes 
into view. The ascending aorta is now opened, 
the incision starting at the termination of tlic 
incison which had been made to open the 
abdominal aorta; or an incision may be made 
into the aorta starting proximal to the open- 
ing of the innominate artery. The line of the 
incision must correspond to the one made to 
open the left ventricle to expose the aortic 
I’alve. The incision in the aorta extends up to 
the region of the sinus of Valsalva but does 
not pass through tlie aortic orifice. Thus, a 
good view is obtained of the stenotic aortic 
valve, the sinus of Valsalva being readily vis- 
ible from the aorta and the ventricular sur- 
faces of the aortic cusps being visible through 
die ventricle. 

Dissection of Isolated Heart. If on rare 



Figure XVIII.?. Disscttioii of t)ie 
iioiati'd heart. The riglit vuitncle 
is opened along llic margo .icutus- 


occasions the heart must bo removed from the 
body and examined separately, the following 
technique may be used: Tlie heart is grasped 
at the apex and pulled cephalically and veil* 
trally, severing in succession, first the inferior 
vena cava, then die left pulmonary veins, the 
left pulmonary artery, die right pulmonary 
artery, the tight pulmonary veins, the ascend- 
ing aorta and finally the superior vena cava. 
Tliese structures should be cut as far from the 
heart as possible so as not to injure the atria. 

Tile heart is now opened and dissected only 
with the enterotome. It is opened in the di- 
rection of the flow of blood. In general, as 
Farber (1937) stated, when the scissors enter 
the ventricle, the apex of the heart is pointed 
away from die operator; uhen the scissors 
leave the ventricle, die apex of the heart is 
directed towards the operator. The heart is 
held with the left hand. On opening the atria 
the left hand encircles both I’entricles. The 
enterotome is introduced first through the in- 
ferior vena cava and extends into die opening 
of the superior vena cava, and the right atrium 
is cut between the openings of these two 
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veins (Figure XVIII-6). In opening the right 
ventricle, the heart again is held with the left 
hand, the lateral margin of the right ventricle 
(margo acutus) facing tlie prosector, and the 
atria being directed toward him. The en- 
terotome is introduced into the right atrium, 
through the tricuspid orifice, and the right 
ventricle is opened along the margo acutus 
(Figure XVIII-7). In opening the pulmo- 
nary valve, the heart is placed so that the 
apex of the heart is directed towards the ex- 
aminer. Tlie enterotome is introduced into the 
right ventricle close to the apex along the 
line of incision that has just been made and 
the conus pulmonalis and the pulmonary valve 
are cut along the interventricular septum 
(Figure XVIII-S). The incision should be ex- 
tended into the main stem and left pulmonary 
artery. 

Next, the left atrium is inspected, and this 
is done after cutting through its wall, the line 
of cutting connecting tlie openings of tl>e 
pulmonary veins. An excellent view is now 
obtained of the inside of the atrium including 




I'iRure XVlll-S. Disscctioii of the 
isolated he.irt. The cotJii< piihno- 
n .'irid piilmon.'iiy talve are tiit 
alone the interxcntncuLir scptvim. 


the mitral valve. Next, the left atrium is in- 
cised along its left lateral wall; the incision 
extends through the mitral orifice and along 
its left lateral wall (margo obtusus) to open 
the left ventricle. During this incision the 
ventricle is held (Figure XVIII-9) so that the 
apex is directed away from the examiner, and 
the left lateral margin of the heart (margo 
obtusus) is directed toward him. The next 
incision is designed to open the aortic valve. 
The left ventricle is again incised, the apex 
being directed toward the examiner, so that 
the line of incision extends from the apex 
(from the point reached by the incision tliat 
has just been made into the left ventricle) 
along the interventricular septum into the 
aorta, opening the aortic valve ( Figure XVIII- 
10). In doing so, tliat portion of the pulmo- 
nary trunk which remained attached to the 
heart is pulled ventrally to avoid cutting it. 

Mareseh and Chiari (1933) recommended 
the following teclinique which has been the 
routine jjrocedure for many years at the Vienna 
Pathologic Institute. The heart is opened by 



Figuit! XVllI-9. Dis^vtxUon of the i'oLiltil 
heart. ImiMOii of Jc/1 atniiiu amJ lift \en* 
Incle. Nolo po'ilion of the heart. 
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Figure XVIlI-10 Dii^ection of the 
t&olatccl heart The aortic valve iv 
opened b> contiinijtinn of the tnciMoit 
khown m Figure .\VltI-9 

means of 4 sections with the long knife ( am- 
putation knife). It is lifted from the pericar- 
dium arid incised along its left lateral border. 
Both the left atrium and left ventricle arc 
opened witli the long knife, the ittetsion into 
the atrium being directed between tl»c open- 
ings of the pulmonary veins. If tlie annulus 
fibrosus has not been opened by this incision, 
the mitral valve may now be opened either 
with the knife from within the ventricle or 
with an enterotome, tlie blade with the blunt 
end being introduced through tlie ventricle 
into the atrium. TIi? second section opens the 
right ventricle and right atrium with Uie knife 
and is similar to the one previously described, 
tlie heart being tilted upward and the knife 
being introduced tlirough the ape.x into the 
right Ventricle and atriiun, piercing from 
witliin the lateral atrial wall about lialfway 
between the opening of the superior and in- 
ferior Venae cavae. The tricuspid valve, if not 
diseased, is opened by this incision. The next 


incision opens the pulmonary valve and piil- 
monar>' trunk. This is done with the knife, cut- 
ting along the interventricular septum. Tlie 
ventral wall of the right ventricle is held with 
the left hand, the four fingers being inside the 
ventricular cavity, while an assistant holds 
the ventral wall of the left ventricle evtended, 
to facilitate the incision, llie point of the 
knife is directed through tlie ventral wall of 
the pulmonary trunk and cuts through the 
ventral wall of the right ventricle close to and 
parallel to the septum. The entire right ven- 
tricle, pulmonary conus, pulmonar>' valve and 
a portion of the pulmonary trunk may now be 
viewed. Tlie fourth incision, which is dcsigiic*d 
to complete the opening of the left ventricle 
and to expose the aortic valve, is the counter- 
part of the third. The left hand holds and e.v 
lends the dorsal wall of the right ventricle 
close to the apex (an assistant holding and 
extending the ventral wall of the left ven- 
tricle), while the knife or enterotome is inlro- 
dneed into the ieSt ventrSde and cuts close 
to and along the septum from the apex up- 
wards into the aorta, opening the aortic valve. 
Maresch and Chiarl recommended turning the 
knife or the enterotome (Figure XVIIMO) to 
the right, immedilaely after opening the aor- 
tic valve, so as to avoid injuring the pulmonic 
valve. 

Gross Examination of tlie M>ocardiuni. 
After the heart has been dissected and the 
heart valves and the endocardium examined, 
the myocardium must be scrutinized. For the 
presence of fatty infiltration of the myocar- 
dium, it is best to examine the wall of the 
right ventricle and in particular tliat surface 
which has been exposed by cutting open the 
tricuspid v'alve. Early fatty infiltration is com- 
monly found in this region of the niyocardium. 
For vascular disturbances and possible gross 
evidence of inflammation, it is best to make 
several cuts tlirough the myocardium. First, 
the ventral flap of the left ventricle, between 
the lines of incisions made to oiien the aortic 
and mitral valves, is transected, the transection 
alw-uvs evteiidiiig paiallel to the endocardial 
and pericardial surfac-es. Thus the w hole flap 
is transected. The second line of section cuts 
through the m\ ocardium corresponding to the 
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left lateral and dorsal wall of the left \en- 
tricle and through the interventricular sep- 
tum. Both of these sections should be made 
with the larger knife, the line of section cover- 
ing as large an area as possible, and extend- 
ing from the apical regions to about the level 
of the mitral valve. Again the incision is 
parallel to the endocardial and pericardial 
surfaces. Several longitudinal cuts may now 
be made through both atria and the right 
ventricle. It is also important to incise the 
interventricular septum by means of several 
longitudinal cuts, after which the left and 
right papillary muscles may be incised. 

In disturbances of cardiac rhythm, and es- 
pecially in unexpected deaths, the areas of 
the myocardium in which the conduction sys- 
tem of the heart is located (see Figures III- 
24 to 111-27) should be submitted to histo- 
logic examination. The epicardial surface 
often presents a depression between the right 
atrium and the superior vena cava which 
corresponds to the location of the sinus node. 
The corresponding endoatrial region usually 
contains a little more fat than the remainder 
of the atrium. This node does not produce a 
circumscribed elevat£?d nodule and can be 
demonstrated only on histologic examination. 

The atrioventricular node (Tawara) is lo- 
cated within the interatrial septum just ccph- 
alad to the junction of the right atrium and 
ventricle, and more specifically between the 
Ventral margin of the coronary sinus (the 
opening of the c.rrdiac vein) and the region 
just cephalad to the attachment of tlie medial 
leaflet of the tricuspid valve. This node also 
is not visible. Extending from the node is the 
bundle of His which runs through the annu- 
lus fibrosus to the interventricular septum just 
beneath tlie membranous septum ivhere it 
divides into a right and left branch. Bolli 
branches are situated beneath the endocar- 
dium of the interventricular septum. Tliey end 
as small brandies in the subendocardial re- 
gions of the papillary muscles and columnae 
carneae. Occasionally one encounters small 
areas of thickening or calcification just be- 
neath the membranous septum at points of 
subdixision of the bundle. In extremely rare 


instances a minute tumor may be found at 
such a point (see page 876). 

Selection of Sites for Cutting Blocks of 
Tissue, It is important to cut a number of 
blocks to include the valvular endocardium, 
the mural endocardium and the myocardium 
of both ventricles and atria for histologic ex- 
amination. Often the entire explanation for a 
seemingly complicated case is found on histo- 
logic examination of the myocardium. The 
blocks may be hardened in 10 per cent forma- 
lin " or in Zenker’s formol.®* Selection of 
sites for removal of blocks of myocardium is 
difficult. Tliose portions of the myocardium 
wbich grossly seem abnormal should always 
be examined histologically. Routinely, sec- 

• “10 per cent fonnahn" is a 10 per cent aqueous 
solution of the commercial preparation of 38-40 per 
cent formaldehyde gas in water. Ten per cent forma- 
lin therefore represents a 4 per cent solution of 
fonnaldehyde in water. (Formula: 40 per cent for- 
maldehyde 10 ml., distilled water 90 ml.) 

••Zenker's fonnol (Helly’s solution) consists of 
90 ml. of Zenker'b solution and 10 ml. of 40 per cent 
formaldehyde. Zenker’s .solution consists of 2.5 Cm. 
potassium dichromate, 5.0 Gin. mercuric chlondc, 
distilled water up to 100.0 ml. 



Figure XVlll-Il. Dnigrain of left atrium and ventri- 
cle (left inflow tract) showing the metliod of cutting 
blocks from the left atnum, mitral posterior, left ihis- 
tenor iiapill.try muscle, and aorta, aortic valve and 
mitral valve. (Taken from Cross, L., Anloix)], W., and 
Sacks, B.: A sl.mJ.inlized procedure suggested for 
microscopic studies on the heart. U'lth observations 
on iluniiiiatic hearts, Arih. 10.840-832, 1930. 

Rciirudiiced by penmssion of the authors and the 
puhliduTs.) 
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Figure XYIII'IS. Diagraai of the right atnum and 
ventnde (nght inSow tract), showing die mediod of 
cutting block from the tricuspid saJ^e and septum 
r. V.). (From Cross cf of.) 

tions should be taken from the interventric* 
ular septum, from the ventral wall of die left 
ventricle beneath the mitral valve, and from 
a corresponding portion of the dorsal wall of 
the left \ entricle. Sections from tlie right ven- 
tricle should include a portion of die apical 
region on the ventral and dorsal walls and 
sections from both atria should include, when 
mural thrombi are present, portions of die 
thrombi Avith adjacent myocardium. Gross 
and associates (1930) recommended that 
blocks be cut from die following regions of 
the heart for liistologic examination for Ascli- 
off bodies: (1) left atrium, approximately 
1 cm. above the insertion of the posterior leaf- 
let of the mitral valve, to show the left atrial 
eiidocaidium, subendocardium, myocardium 
and pericardium, and sometimes die coronary 
sinus; (2) posterior mitral leaflet wiUi sub- 
jacent myocardium and endocardium, to show 
die left atrial endocardium and subendocar- 
tlium, die myocardial w edge of die left atrium 
and die pericardial wedge of the left venlride; 

(3) posterior papillary muscle, to show myo- 
cardium, the endocardial covering and some- 
times die insertion of the chordae tendineae; 

(4) area through the aorta, aortic valce and 
anterior leaflet of the mitral voice including 


the atrial endocardium, to show the left atrial 
endocardium, subendocardium, and myocar- 
dial wedge, the pericardial wedge, the root of 
the aorta, the aortic valve, and the sinus 
pocket (Figure XVIII-11); (5) pulinonanj 
trunk and valve, to show the pulmonary trunk 
and adjacent pericardium, the pericardium of 
the right ventricle, the iieric-ardial wedge, the 
pulmonary valve, tJie subpulmonic angle, the 
pulmonary ring and the right ventricular myo- 
cardium; and (8) tricuspid valve, the entire 
thickness of the septum and adjacent atrium, 
lo show die right atrial endocardium, sub- 
endocardium, and myocardium, neuromuscu- 
lar bundle, septum fibrosum, tricuspid ring, 
tricuspid valve, interventricular septum and 
live tricuspid pocket, and sometimes a portion 
of the aortic valve (Figures XVIII-H io 
XVIIU6). 

Tliese 6 blocks include all 4 valves and 
valvular rings, the peric^U’dium of the right 
and left sides of tlie heart, the left and right 



Rgure XVlll-13. Low power m.igiuficalioa of mitr-i 
posterior (A/.P.) section. A in<licales the left atn^ 
endocardium; B, the left atri.d subendocardiwn; » 
the left alrid m}Ocardial wedge; D, the pcn^rdia 
wedge; E, die left xcntriciilar ni>ocaTdiuin; r , U'® 
nng of the posterior mitral \alve; C, tlie 
leaflet of the uutrol salve, .ind //, the posterior mitr' 
pocket. (From Gross et al.) 
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atria, the myocardium of tlie right and left 
ventricles, interventricular septum and left 
posterior papillary muscle, the bases of the 
aorta and pulmonary trunk, the pericardia! 
wedge abutting against the valve rings, the 
neuromuscular bundle and the coronary sinus. 

Note on Opening Hearts with Congenita! 
Malformations. It is impossible to give one 
universally acceptable method of opening all 
hearts with congenital malformations. It can- 
not be too strongly emphasized tliat a heart 
with a congenital defect should be opened 
only by the experienced pathologist who, after 
orientation, can visualize the type of anomaly 
that is likely to be present in the particular 
instance. Only the experienced examiner can 
deviate from a given routine, can devise a 
special technique and still demonstrate all the 
malformations present. It is important for one 
not only to convince himself of the pertinent 
anomalies, but also to be able to demonstrate 
them, to retain tlie specimen, to photograph it 
and to use it for further studies. If, however, 
the heart is nmtilated, even the prosector may 
be unable to demonstrate the principal anom- 
aly. In tlie following description, an outline 
of procedures for a few given tyi)es is pre- 
sented. The prosector must always be cau- 
tious in cutting, sliould use the probe more 
often than the scissors, and should inspect 
carefully and use blunt dissection often to 
cfarify a complex anomaly rather than ob- 
serve a too-strict adherence to the routine. 

If congenital cardiac anomalies are antici- 
pated, it is essential to remove tlie heart and 
all adjacent structures en masse. The ascend- 
ing aorta and a portion of the descending 
thoracic aorta should be left in continuity 
witli die heart, also the lungs with the pulmo- 
nary arteries and veins, the superior vena 
cava and its main tributaries, and the small 
portion of the inferior vena cava bet^veeIl die 
diapliragm and right atrium. 

In general, the dissection of the heart starts 
widi the opening of die veins and right atrium 
and follows the direction of the flow of blood. 
Tile mouths of the venae cavac are usually 
not opened. Edwards (1949) recommends a 
transverse incision in the ventral wall of the 
right atrium. Thus, the intenitrial septum can 


be fully examined and also the region of the 
tricuspid valve. If the latter is atretic no at- 
tempt should be made to force it open. The 
medial leaflet of the tricuspid valve should be 
carefully scrutinized since it may partially 
cover an open membranous interventricular 
septum. Before the right ventricle is opened, 


AB 



Figure KVlll-14. Low 
po\M.r inagniBcation of tlic 
aorta, aortic \<ilvc anil 
mitral \al\e (A J/.V.) sec- 
tion. A indicates Uiu left 
atnal cndocarJiuni; B, the 
left siihendocardium; C, 
the left atrial nijoc.irdiaJ 
wcdRc; D, the pericardial 
wedge; E, the root of the 
aorta; F, the aortic vaKc; 
C, the iinus pocket, II, tlio 
aortic nng, }, tlic siib.iortic 
angle; K, Uic niitral-aortic 
inters aKailar tihrosa and 
cndocatdmni; L, tlic initial 
ring, and M, the anterior 
or aortic flap of the niitral 
>al\e. (Kroii) Cross ct oi.) 
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Figure XV111>15, Low power magnification of the primary artery and valve 
(P.A.V ) section. A indicates Uie pulmonary artery and investing pericar- 
dium, B, die piricardiiiiii of Uie right ventncle; C, tiie pencardial wedge, D, 
the puhnonaiy valve, £, the subpuhnoruc angle. F, the pulmonary ring; and 
C, die nglit venlncuW myocardium. (From Cross et al.) 

the pulmonary trunk and aorta should be ex- the pulmonary trunk is ofiened, one glance at 
amined with respect to their size, relative the sinuses of Valsalva should confirm the 
positions, and region of origin from the ven- absence of the mouUts of the coronary ar- 
tricles. If at first only one vessel is found teries. It sometimes happens tliat tJie scissors 
emerging from the ventricle, a search must introduced into tlie pulmonary trunk will enter 
he made for another, perhaps a small vessel, a patent ductus arteriosus. It must be re- 
an atretic vessel or a cordlike structure close membered that sometimes tlie open ductus 
by. Before the pulmonary valve is opened, it is equal in size to each of the pulmonary ar- 
should be probed from vvithin the right ven- teries and appears as a direct continuation of 
tricle, special care being taken Uial the probe the pulmonary trunk. If the pulmonary trunk 
actually extends into the pulmonary trunk and is narrowed or atretic, it should not be splif 
not into the aorta through a patent ventricular open. Its course should first be followed and 
septum. The size of the conus pulmonalis if its txvo branches, which are caudad to tlie 
should be determined. The conus may l>c so origin of the ductus arteriosus, are of nonnal 
large as to simulate a third ventricle. After size or dilated, these may be opened and 
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through their lumina one may inspect the of the septum into the pulmonary trunk or a 
pulmonary trunk. transposed aorta. It must now be determined. 

The left atrium should be opened with before another incision is made, if there is a 
scissors, starting the dissection by cutting riding aorta carrying blood from both ven- 
through the wall of one of the pulmonary tricles or a transposition of greater degree, 
veins and, after the incision has reached the In such instances it is best to avoid a second 
atrial lumen, by extending the line of in- incision into the left ventricle. The ventricle 
cision from the opening of one pulmonary may be viewed through the previous incision 
vein to the others. Next, the region of the and tlie aortic valve, through an opening m 
interatrial septum and the atrial surface of the wall of the aorta; or an incision may be 
the mitral valve should be scrutinized. The made along the ventricular septum up to the 
left ventricle is opened along its left lateral region of the membranous septum, and the 
margin ( margo obtusus ) and the ventricle root of the aorta viewed from there, 
e.vamined immediately. It should always be In stenosis of the isthmus, the collaterals 
ascertained at this point, if it has not been should be demonstrated. It is also wise to 
done previously, if there is a patency of the seek routinely the bronchial arteries. In cases 
septum. A probe should be introduced into with pulmonary stenosis, tJiis is imperative, 
the aorta and the aortic valve examined. If facilities are available, the bronchial ar- 
Sometimes the probe which is thought to be teries may be injected with a plastic material 
in the aorta has extended through a patency and the lungs subsequently macerated (see 

i 


Fisutc XVlII-16. Low po\>cr magiufiiaUon of (lie tncu&iMil 
vahe and septum (T.V.) section. A indicates tlic nght atri.il 
endocardium; ii, tlic nglit atnal subcnducardiuin; D, the ncuro* 
tmiscular bundle; E, the septum hhrosum; E, (he tricuspid 
ring; G, the tncii'pid \aKe, J/, the iotervcntncular septum, 
and /, die tricuspid pocket. (From Cross ct al.) 
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Figure XVIII-17. Tlie (lii>tnliutiuik of the coroiury arteries as foiiml m &0 per cent of adult 
luinun hearts (over 30 >ear\ of age). (Adapted from Siwlleholr.) 

BRANCHES OF THE RIGHT CORONARY ARTERY 
1. Arteria adiposa dexira 
2 Ramus ventriculi dexiri antenor 

3. Ramus matginis acuU 

4. Ramus ventncub dextri posterior 

5. Ramus sulcJ longihidinaUs postcrioris 
0 Ramus xentncub simstri posterior 

7. Ramus ventncub smistri posterior accessorius 

8. Ramus atnabs dexter anlenor 
9 Ramus atnalis sinister poMerioi 

BRANCHES OF THE LEFT CORONARY ARTERY 

10. Arteria adiposa simsira 

11. Artena sepb venlnculorum 

12. Ramus coUatcraUs descendens anterior 
12 ' Ramus primus. 12' ramus secundus 

13. Ramus vestricub' simsln anienor 

14 Ramus marginis obtusi 

15 Ramus ventricub sinistri posterior 

16. Ramus atrialis sinister anterior 

17. Ramus .Unalis sinister postenor 


Hales and Liebow, 1948). According to Ed- 
wards (1949), the bronchial arteries are al- 
ways removed along with the tlioracic organs. 
\\^ien these arteries are dilated, they are 
easily identified as tortuous w'de vessels aris- 
ing either directly from tlie aorta, the inter- 
costal arteries, or from tlie major branches of 
Uie aortic arch. It is also recommended tliat 
one inspect the relationship of the aorta to 
the trachea, bronchi and esophagus. The 
origin, course, and distribution of the coro- 
nary arteries must be examined in every in- 
stance. Abnormalities in tlieir course may 
indicate transposition of the arterial trunks. 


Exa;m';ia/ion of Corotiartj Arteries 
Dissection and Distribution. The left coro- 
nary artery is opened from its mouth. Tlie 
scissors are used to cut the short main coro- 
nary artery, then the anterior descending 
circumflex branches and the two main 
branches of the latter, the ramus anterior 
vcntriculi sinistri and die ramus marginis ob- 
tusL The right coronary artery is opened from 
the point at which it was cut when the right 
ventricle was first incised. Tlie artery is easily 
located witliin the coronary sulcus. First, the 
portion of this artery proximal to the site of 
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previous section is opened, to n point just 
short of its mouth; cutting through its mouth 
should be avoided to protect the wall of the 
sinus of Valsalva. Next, tlie distal portion of 
this artery is opened, and along with it the 
posterior descending branch. A number of 
closely spaced cross-sections of the main coro- 
nary arteries and their principal branches 
should be made, particularly when the coro- 
nary arteries are severely sclerosed and their 
lumina markedly narrowed. The advantage of 
this method is that very recent tlirombi are 
not displaced. Figure XVIII-l? shows the dis- 
tribution of the branches of the coronary ar- 
teries which should be opened. It is adapted 
from Spalteholz (1924) and uses his nomen- 
clature. Figure XVIII-IS shows the distribu- 


tion of the coronary arteries in from 5 to 17 
per cent of hearts, according to Spalteholz. 

Here the right coronary is the predominat- 
ing artery, its terminal branch being the 
ramus marginis obtusi instead of the posterior 
descending. In about 10 per cent of cases the 
left coronary artery is the predominating ar- 
tery, its final branch being the posterior de- 
scending artery (Figure XVIII-19). Particu- 
lar care must be taken in all instances to 
dissect and open carefully all main branches 
of the coronary arteries. It is essential not to 
discontinue tlie dissection of the coronary ar- 
teries after one occluding lesion has been 
found but, routinely, to examine all of the 
main coronary arteries. 


INJECTION OF THE CORONARY ARTERIES 


In addition to the anatomic dissection of 
the coronary arteries, their distribution and 
patency have been studied by use of injection 
mediums. As early as 1855, Hyrtl injected the 
coronary vessels with a metallic alloy of low- 
melting point. Subsequent corrosion of die 
heart muscle revealed the pattern of the coro- 
nary distribution. 

vail der Chinst (1949) applied a similar tech- 
nique, using a plastic material (Plexene). This 
method also sacrifices the heart muscle, and al- 


terations in the vessels cannot be correlated with 
inyocardiiil lesions. One may visualize the dis- 
tribution of the coronaries and locate alterations 
in them by injection of the arteries witli ladi- 
opaque material and subsequent roentgenog- 
raphy of the heart. 

Cioss (1921) devised a technique for injecting 
the coronary arteries with barium sulfate suspen- 
sion in gelatin under pressure, by employing a 
standardizing and calibrating device. This tech- 
nique or modifications and extensions of it have 



Figure XVlII-18. The dnlnbiiliim of the coioiKuy arteries as linmd in 5-17 ptr cent ol .niiiil 

human licarts. (Adaptiil from SpalltlioU.) TIk? mdil toitmary artery litre preilomiiwU-., the 

Minus luarginis obluvi beinR the terminal Itranclt nf tiic left c-oroiiar) arttry. 
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Figure XV1II>19. Tl>c clistnbiition uf tlic coronary artiriea na found iti about lU per cent of 
adult human liearts. (Adapted from Spattcholz ) Tl>c left coronary artery imxloinnutes, it» 
final branch being the ramus \cntnuili simslri posltnor (iHistenor descending artery). 


been widely employed with varynng restihs and 
for specific purposes. 

In order to obtain an estimate of the capacity 
of the coronary arteries during life m hypcrtcii* 
sise and ischemic hearts, Harrison and Wood 
(1949) injected the arteries with radiopaque 
gelabn at the known diastolic pressure of the pa- 
tient. Because their skiagrams did not distin- 
guish whether points of narrowing roproented 
sites of atheroma or of can.ilized thrombi and 
because it was repeatedly noted that at sites uf 
actual narrowing the skiagram might reveal no 
abnormabty, they carefully checked their radio- 
graphic findings anatomically and histologically 
(Figure XVni-20). 

Because the method of Gross did not reveal tlie 
distnbutions of minute or penetrating branches 
of the coronary vessels, Schlesinger (1938) and 
associates, after iiiiection (of lead phosphate in 
agar), sectioned the heart in a manner designevl 
to expose the remote ramifications of the coro- 
nary tree for radiography. Sections were so dis- 
posed that the cdnical heart muscle was unrolled 
to make all the vessels lie in the same flat plane. 
This made all vessels, regardless of their normal 
relationships, equally visible roentgenolo^cally 
and was particularly valuable in demonstrating 
alterations in otherwise obscure twigs to the sep- 
tum. 

To insure penetration of small branches of the 
coronaries, Prinzmetal and associates (1942) 
used an injection medium with a viscosity ap- 
proaching that of blood. Tliey determined the 
quantitative collateral circulation by clamping 


tile coronary vessels alternately and iniMSuring 
volumes of material injected. 

To determine collateral circulation, various 
dyes Iiavc been employed in the injection mcdiun] 
with some success and witli varied results. Sev'- 
vral techniques for injection .arc briefly described 
below. 

Gross (1921) originally injected the coronary 
arteries 48 hours postmortem, after rigor had sub- 
sided. However, this interval may be varic'd con- 
siderably, the injections perfonned within a few* 
hours postmortem or after Uie hearts have been 
at ice-box temperature for several days. To over-- 
come rigor, the heart is placed in saline solution 
at 37 C. for four hours. The injection is performed 
with the heart and all injection material at stand- 
ard temperature. 

Technique of Gross for Injection of Coro- 
nary Arteries. Cardiac chambers are washed 
free of blood clot. Tlie loose tissue about the 
aorta is bluntly dissected free, to expose the 
coronary arteries at their sites of emergence. 
A cannula, with a snugly fitting flanged glass 
nozzle. Is inserted into each coronary orifice. 
A silk thread is looped about the coron.iry ar- 
teiy close to its point of emergence from the 
aorta, the flanges of tlie cannula being below 
the loop which is tightened about tlie cannula. 
Rubber tubing is attached to the canuulae and 
connected by a Y-tube. The heart is suspended 
by inserting a gloss rod under the bridge of 
the pericardium which lies between tlie gr^^^ 
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vessels and the atria, and this rod is supported 
on a tripod. 

To maintain standardized mechanical factors. 
Gross devised a double-decked or duplex incu- 
bating apparatus. The c.mnulated heart is sus- 
pended in the upper chamber on a tnpod. The 
lower chamber contains the injection mass and 
saline solution, each in a sealed or capped con- 
tainer, maintained at standard temperatures by 
electric immersion heaters. A coinpiessed on 
tank with pressure gauge oi mercury manometer 
and outlet tube can be connected by conduits to 
inlets in either the saline solution or the injection 
mass, the contents of the container being forced 
through an outlet tube. Both outlet tubes extend 
to the upper chamber of the apparatus wheie 
they can alternately be attached to the coronary 
cannulae. The coionary arteries are washed clean 
with saline solution. Then the pressiue tube is 
connected with the flask containing the injection 
mass. The mass is foiced into the vessels until 
the mercuiy mauoinelei leading remains constant 
at 150 mm without additional pressure. The 
vessels are tied off, cannulae removed and the 
heart immeised in cold water. With a suction ap- 
paratus, the chambeis of the heart aie freed of 
any accumulated injection mass. The heart is 
then immersed in cold formalin until it is fixed 
and bleached, when it is leady for preparation of 
the steieoscopic loentgenogram. 

To avoid objections that the stereoscopic roent- 
genogram of the heart does not give a clear 
precise picture of the specific vessel involved, oi 
does not visualize the smaller twigs of the coro- 
naries, Cross and Kugel (1933-34) modified this 
oiiginal technique by slicing the injected and fixed 
lieart transversely into stnps of equal thickness 
(7 mm.) and took roentgenograms of them .so 
that direct comparison could be made of the 
vasculature within the wall of the right and left 
ventricles and the interventricular septum. Trans- 
verse sections vvere made from the atrioventricu- 
lar sulcus one-third of the way down to the apex. 

Schlesingcr’s Method. The heart is wanned 
in a bath of physiologic saline solution at 
44' C. A thermometer is placed directly into 
the chamber of the left ventricle, which is tite 
slowest to reach the desired temperature. Tlie 
entire procedure is conducted in a saline bath 
kept at 44-45’ C. Schlesingcr cannulates tlie 
arteries and connects them individually by 
tubes to receptacles containing injeetton mass 
or saline solution. Each rcccptable Is con- 


nected to a separate manometer and by means 
of a Y-tube, both to the same syringe which 
supplies pressure. Three-way stopcocks per- 
mit pressure ( of tlie syringe ) to force the in- 
jection mass tlirough both coronaries simul- 
taneously or through right and left alternately. 
Injections are continued until manometer 
readings remain constant at 150 mm. of mer- 
cury for five minutes. To insure flow through 
anastomotic channels, the pressure to the left 
coronary is reduced to 0 or lower, and tliat 
to the right artery is kept at 150 mm. for 
several minutes. The process is then reversed 
with pressure to the right coronary reduced 
and that to the left maintained at 150 mm. 
The cannulae are clamped witli the pressure 
at 150 mm. and the heart is disconnected. The 
mass is set by cooling the heart in a bath of 
iced physiologic salt solution. The injection 
medium is colored with methyl blue and basic 
fuchsin (in saturated alcoholic solution) for 
the right coronary artery and the left coro- 
nary artery, respectively. 

After injection of the heart, tlie injection 
mass 1$ allowed to harden and then the heart 
is incised according to a prescribed technique 
in order to unfold the heart and permit small 



Figure XVIll-20. Diagram of Ham!>on and WoodN 
apparatus for injc-clion of coronary arteries witli radi- 
opaque gelatin. (From Harrison, C. V. and Wood, 
F.j II>q)crlensive and iM.1iacmic heart disease, a com- 
parative c]inic..il and patiiological >tiidy, tint. Heart 
J., 11:205-229, 1949. Uevwoducvd by pennissum of 
aiitiiop. and pulilivhcr.) 
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TABLE XVlII-l 

Normal Weights of Heart of Human Males anJ 
Females in Relation to Body Weight 
(Smith, 1928) 


trurily cliubcn &itcs on tlic* endocardial and 
pericardial surfaces of the licart. By exposing 
the heart to .v-niy /?/nis for from 15 to 48 hours, 
a radioautograph was obtained. 


Body il'tighl 


fCtighl oj Heart 




Kilo- 1 

Minimum, 

.iceragr. 

Maximum, 

Pounds 

grams 

Grams 

Crams 

Grams 

\! 

F 1 

M 

F 

.U 

F 

.M 

F 

M 

F 

105 

90 ^ 

1 ■*" 


165 

135 ' 

205 

162 ' 

241 

m 

110 

95 ' 

1 -50 

43 

175 

143 

715 

171 

253 

UK 

1)5 

too 

52 

45 

181 

150 

223 

180 

264 

21,5 

120 

105 1 54 

47 

IW 

Is8 

235 

189 

Z/6 

226 

125 

no 

1 

50 

198 

165 

245 

198 

28/ 

237 

t3Q 

ti5 

58 

52 

206 

in • 

755 

201 . 

299 

248 

135 

120 

60 

54 

71.1 

180 

765 

215 

3t0 

259 

140 

125 , 

1 bi 

56 , 

72 J 

188 

2A 

225 

322 

26H 

145 

130 

65 

58 

229 

I9> 

284 

2J4 

333 

277 

150 

135 

68 


737 

203 

1 294 

•244 

345 

286 

155 

HO 

70 

61 

245 

211 

. 304 

253 

356 

295 

1 60 

145 

72 


253 

219 

1 313 

•262 

i 368 

3(K 

165 

150 

74 

68 

261 

225 

,373 

372 

! ,170 

313 

irn 

ISS 

V 


768 

133 

I .333 

282 

.tn 

322 

175 

IftO 

79 

72 

280 

740 

; 34.3 

388 

37? 

330 

180 

165 . 

81 

74 

288 

247 

3S3 

29/ 

373 

337 

185 

170 1 

83 

77 1 

296 

255 

.16.1 

.106 

182 

343 

190 

175 

86 

79 

304 

283 

373 

.315 

! 392 

350 

195 

180 

88 

81 

312 

.101 

382 

.124 

402 

356 

200 

tK5 

90 

83 

320 


392 

.1.13 

412 

361 


19(1 




31/ 1 


,342 


366 


195 


88 


325 


351 


371 


vessels, regardless of their situation in vivo, 
to be visualized roentgenographically. 

Prinzmetal’s Method. Prinzmetal and co« 
workers (1942) attempted t(j demonstrate the 
distribution of the coronary system by the in- 
jection of a “more physiologic" medium, hav- 
ing a viscosity similrir to that of blood and 
consisting of a mixture of lead carbonate, 
mercuric sulfide and gelatin with a viscosity 
of 5.40 as compared with 4.07 for blood. Prinz- 
metal and associates ( 1^7 ) used radioactive 
erythrocytes which were found to penetrate 
the smallest branches of the coronary system. 
Human red cells were made radioactive by 
incubation with radioactive phosphorus in the 
form of NaoHPO^. The radioactive erythro- 
cytes in saline solution were perfused at a 
constAi^t pressure of 100 mm. Hg, until tire 
perfusate was seen to issue from the coronary 
sinus. The total amount of fluid perfused 
through the heart in each experiment was 
from 30 to 60 ml. and the time required rvas 
30 to 60 seconds. The heart was then unrolled 
according to the method of Schlesinger. The 
distribution of the radioactive erythrocytes 
was determined by a Geiger counter at arbi- 


Iii another method, Prinzmetal injected into 
one coronary’ artery glass spheres of di-uncters 
ranging from 10 to 4t)0 mi'cm. These uere suv 
peiided ill a radiopaque mixture. Class spheres 
injected into one coronary artery’ were rcc-ovcrcd 
from the opposite eorotiary, the ventricular cavi- 
ties and the coromiry sinus. The diameters of the 
various anastomotic channels were thus deter- 
miiicd by the size of tlie spheres recovered. Salons 
.ind Tweed (1917) dcscnlied a rapid technique 
using Xcoprene, a synthetic latex. Each coronary 
W.1S washed separately witli saline solution. 
Barium sulfate in aqueous ammuniated soUitian 
of latex rubber was employed because it provides 
ma-ximuin radiopacily and bctaiisc vvith it one 

TABLE XVIU-2 


Weight of Heart in 926 Persons without Clinical or 
Patnolt^ic Evidence of Hem Disease, AccorJinK 
to Body l.ength and Sex (2^eL, 1942) 


Body 

length. 

Cm. 

, lUaUiFeiiKt.Gm 

Body 

Length, 

j Ueart l('e\iht,Gm. 

Males 
9^ ±40 

Females 

s -130 

Males 

9“ ±40 

Femgln 

8 -±.tO 

135 

254 

219 

168 

317 

277 

136 

2S6 

220 

169 

319 

279 

137 

258 

nnn 

1:0 

321 

281 

138 

260 

224 

171 

323 

283 

139 

262 

226 

172 

325 

284 

140 

264 

227 

173 

327 

286 

141 

2H\ 

229 

174 

319 

288 

142 

268 

231 


.130 

290 

143 

270 

233 

176 

332 

291 

144 


235 

J77 

334 

293 

145 

273 

236 

178 

336 

295 

146 

275 

238 

179 

338 

297 

147 

277 

240 

180 

340 

299 

H8 

279 

242 

181 

342 

300 

149 

281 

243 

182 

344 

302 

150 

283 

245 

133 

346 

304 

151 

285 

247 

184 

348 

306 

152 

287 

249 

185 

349 

307 

153 

289 

2Jl 

186 

351 

309 

154 

291 

252 

187 

353 

311 

155 

292 

254 

188 

355 


156 

294 

256 

189 

357 

315 

157 

296 

258 

190 

359 

316 

158 

298 

259 

191 

161 

318 

159 

300 

261 

192 

363 

320 

160 

302 

263 

193 

365 


161 

304 

265 

19+ 

.167 


162 

306 

267 

195 

368 

325 

163 

308 

268 

196 

3/0 


164 

310 

270 

197 

372 


165 

311 

272 

198 

374 


166 

313 

274 

199 

376 


167 

315 

275 

200 

378 



e^standard deviation. 
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TABLE XVUI.3 


Weight of Heart icx Males 
(RosssJs and Roulst, 1932) 



Heart IFeigfil 
in Grams 

Afean 

Boiiv If'etgAl 
in Kilograms 

Number 
oj Cases 


23 37 

3 373 

60 


28 20 

3 430 

15 


38 8 

4 47 

5 


58 93 

12 360 

6 

2 )ears 

64 125 

12 147 

4 

3 years 

74 58 

15 300 

6 


83 71 

18 433 

7 

5 vears 

98 00 

17 375 

3 

6 years 

104 00 

— 

1 

7 

119 00 

20 400 

4 

8 y-ears 

113 5 

— 

2 

9 years 

116 00 

20 800 

I 

10 iears 

185 00 

31 000 

1 

11 years 

140 00 

1 27 000 

] 

12 years 

160 1 

37 600 

4 

13 years 

198 00 

37 850 

1 2 

14 years 





241 75 

j 44 900 



252 70 

1 43 812 

1 7 


279 00 

49 340 

7 


217 25 

42 400 

4 

19 years 

285 00 

55.990 

20 


282 07 

51 998 

13 


305 48 

55 125 

i 90 

26-30 years 

312 02 

51 617 

69 

31-35 ^ears 

314 29 

55 714 

74 

36-40 years 

312 19 

54 635 

61 

41*45 years 

317 23 

57.255 

51 


335 64 

56 400 

28 


346 8I 

58.800 

16 


333 57 

54 066 

21 


324 42 

53 380 

14 


359.33 

59 400 

9 


308 33 

45 430 

6 


318 00 

47 400 1 

2 

85-90 years 

321 00 

43 450 1 

2 


may consistently obtain injection of precapiUary 
arterioles that have a diameter of 15 to 75 niicra. 
The medium is prepared with red and blue or- 
ganic dyes for left and right coronaries, respec- 
tively. During injection, the heart is suspended 
for 5 to 15 minutes in a solution of 2 per cent 
glacial acetic acid and 4 per cent formaIdeh>de 
in 70 per cent ethyl alcohol. The heart is then 
fixed in vacuo at low temperature for 20 minutes, 
after which time it is cut according to the method 
of Schlesniger. This technique eliminates the use 
of an unstable injection medium, such as lead 
phosphate agar of Schlesinger which tloes not 
penetrate the small vas.sels consistently, and the 
prolonged exposure to a temperature of 44* C. 
It pennits preparation of c-orrosive specimens as 
well as specimens suitable for dissection. 

Durlachcr's Melliod. A method of &tudy 
of the coronary vessels and their contents 


has been described by Durlacher and asso- 
ciates (1953). It provides an opportunity to 
visualize the entire vessel wall and its con- 
tents prior to sectioning and embedding, with- 
out the introduction of artefacts. In this 
method, the heart is removed in the usual 
fashion and drained of its contents. The prox- 
imal end of the ascending aorta is tied to a 
large cannula and normal saline solution is 
perfused under a pressure of 100 mm. of mer- 
cury. When the fluid escaping from the coro- 
nary sinus becomes clear, fonnalin is perfused 
through the cannula for 10 minutes. Tlie heart 
is then suspended in formalin for several hours 
and later the coronary arteries and their major 
branches, together with an abundant layer of 
subepicardial tissue, are dissected from the 

TABLE XVlII-4 


of Heart in KemxJes 
(Rosssle and Roulet, J932) 


Age 

Mean 

Heart IFeight 
xn Grams 

Afean 

Bodv Weight 
in kilograms 

Number 
of Cases 


21.4 

3 198 

44 

Birth-6 months 

21 37 

3 396 

8 

7-12 months 

36 33 

5 18 

3 

1 year 

53 66 

9 262 

6 

2 years 

54 21 

11 166 

7 

3 years 

65 8 

12 450 

5 

4 years 

71 75 

— 

4 

5 years 

90 8 

18 000 

5 


82.16 

— 

3 

7 years 

94.5 

— 

2 

8 years 

109.00 

19 200 

2 

9 years 

ns 00 

23.800 

3 

lU years 

118 00 

26.000 

I 

(1 years 

JJ5 00 

29. 500 

I 

12 years 

166 00 

— 

2 

13 years 

170 00 

— 

2 

H years 

201 00 


2 


201.33 

36.700 

3 

16 jeacs 

204 5 

SO. 225 

4 

17 years 

220.00 

47.660 

3 

18 years 

225.5 


4 

19 years 

254.6 

47 830 

3 

20 years 

262 25 

56.100 

8 

21-25 years 

265.8 

50.44J 

J4 

26-30 years 

252.6 

51.705 

21 


269.5 

55.270 

4 

36-40 years 

233.14 

49.010 

7 

41-45 years 

288.36 


■ M 

46-50 years 

298.88 

56 344 

9 

51-55 years 

292 4 

60.540 

13 

56-60 vears 

; 316.33 

56.940 

12 

61-65 years 

307.68 

50.240 

16 

66-70 years 

362.00 

53 625 

4 


309.5 

48.000 


76-80 years 

335.4 

4S.3-(0 

5 

SI-85 years 

292.33 

37.400 

6 

86-90 years 

284.00 

34.1 


CHer90 years 

239.00 

28.950 
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heart. The heart may then be examined in the 
usual manner. Tlie arteries are decalcified in 
5 per cent nitric acid and tlien placed in a 
solution of weak lithium carbonate. Follow- 
ing dehydration by ethyl alcohol, the \es- 
sels are immersed in clearing agent until 
transparent. Gross e.xaminalion of the ves- 
sels is made with the help of transmitted light. 
Tlie vessels may be sectioned transversely and 
embedded by placing the cleared segments 
first into benzene and then into liquid paraffin. 


Clearing of the vessels prior to sectioning al- 
lows e.xamination of the entire vessel wall and 
contents and permits one to make the gross 
diagnosis of the coronary lesions. 

While injection of radiopaque material 
into die coronary arteries permits study of 
occlusion of the smallest branches and dem- 
onstration of anastomosing hvigs, the method 
does not provide a better means of study of 
the coronary arteries llian a careful and dih- 
gent dissection. 


WEIGHT AND MEASUREMENTS OF THE HEART 


In measuring tlie heart, one must take into 
consideration the size of the chambers and 
the presence or absence of rigor mortis. The 
technique of opening the heart must not vary’. 
Measurements of the thickmess of the walls 
of the right and left ventricles must always 
be taken in similar locations and care must be 
taken not to include the thickness of the tra- 
beculae and papillary muscles. 

The old rule that normally the size ot tlw 
heart corresponds to tliat of the closed fist of 
the patient is inaccurate and should be dis- 
carded. The weight of the normal heart in an 
adult is usually stated to be between 275 and 
325 grams. Nauwerck ( 1921 ) gave the weight 
of the heart of a man as 300 grams and of 
a woman as 250 grams. Smith (1928) con- 
ciuded that the average weight of the heart 
of the adult man is 295 grams, and the aver- 
age weight of the heart of the adult woman 
is 250 grams. His study evcluded those hearts 
in which the records disclosed conditions 
k-nown or believed to affect tlie weight of ihe 
heart. Tliiis, his figures were obtained by rigid 
selection of 1000 hearts from 6000 that were 
available for the study. He concluded that 
there is a definite correlation between the 
weight of the heart and the weight of the 
body and cs^ablished the ratio as 0.43 per cent 
for males, and 0.40 per cent for females. Tlie 
ratio is slightly liigher in thin persons and 
lower in obese persons. Tliis coefficient is less 
acairate for body weights of less than 45 Kg. 
(100 pounds) and more than 94.5 Kg. (210 
lioimds). Table XVIII-1 lists weights of nor- 
mal hearts, according to Smith. 


Zeefc (1942) reported a statistical analysis 
of the weights of hearts from 926 adult bodies 
in which no dinical or pathologic evidence 
of heart disease or of any commonly recog- 
nized cause of myocardial hypertrophy was 
found. Her study revealed the following fac- 
tors to have an effect on the weiglit of the 
heart: body weight, sex, body length and state 
of body nourishment. Xo effect of age or race 
on heart weight was demonstrated. Table 
XVni-2 is taken from her study. 

Roessle and Roulet (1932) gave tables of 
weights of tlie hearts in males and females 
(Tables XVIII-G and XVIIM) and weights 
of various parts of the heart (Table XVllI- 
5). 

Coppoletta and Wolbach (1933) gave the 
weights of hearts of infants and children 
(Table XVni-6). 

Measurements of Valve. The figures that are 
usually giv’en as the average of tlie normal 
valvular orifices of the adult heart, namely, 
aortic, 7-8 cm.; mitral, 9-11 cm.; pulmonic, 
8-8.3 an.; and tricuspid, 11-13 cm., are ap- 
pro.vimately correct. It is stated tliat measure- 
ment of the orifices by insertion of fingers 
or of a graduated wooden cone does not take 
into account tlie tonus or elasticity of the 
muscle (see Nomenclature and Criteria for 
Diagnosis of Diseases of the Heart, 1939). 

Kopsch (1914) quoted Bizol, Wiilff, Peacock, 
and Bouilland, and gave the circumferences of 
llie various valves as shown in Table XVIIl-/- 

Kaufinaiui (1922) gave the measuremetils of 
the onfice of the mitral valve as 10 cm., of the 
aortic orifice as 7 cm., of the pulmonic as 8 cm.. 
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TABLE XVlII-5 


Weight of Various Parts of the Heart 
(Roe^e and Roulet, 1932) 





Weight III Grams 


A'o o] 

1 Body 
' Weight lit 1 
Ktiogrums 

j Gross 1 

Heart 

Left 

Vtntncle 

RtgM 

Ventncle 

Inter- , 
ventriciilai 
Septum 

1 Left 1 
Atrmm 

1 Right j 
Atrium 1 

^ Interatrial 
Septum 


MALES 


6-10 >ears 

2 

2? 

5 

123 

00 

38 

5 

22 

5 

22 

75 

_ 




_ 

11-14 years 

3 

32 

26 

166 

6 

54 

3 

27 

8 

37 

6 

8 5 

10 

00 

11 

00 

15-20 years 

14 

53 

73 

264 

3 

Hi 

2 

45 

5 

60 

2 

19 00 

13 

00 

13 

00 

21-30 > ears 

24 

56 

35 

303 

3 

91 

8 

50 

8 

68 

3 

— 


— 


— 

31-40 years 

23 

54 

; 

297 

2 

85 

5 

49 

) 

63 

6 

17 00 

12 

5 

9 

5 

41-50 >ears 

6 

53 

82 

317 

g 

86 

75 

48 

5 

64 

6 

17 5 

23 

00 

18 

00 


FEMALES 



1 

14 00 

50 00 

18 00 1 

10 00 1 11 00 

_ 

__ 1 

_ 



51 25 

255 5 

79 75 

41 12 1 55 75 

11 00 

12 5 

12 5 

21-30 years 

2 i 

58 00 

227 00 

68 5 1 

41 5 47 00 

17 00 

13 00 

9 00 


2 

49 5 

328 00 

84 00 

48 00 61 5 

— 

— 

— 

41-50 years 

‘ 

55 00 

376 00 

105 00 1 

52 00 6« 00 1 

— 1 

— 

__ 


TABLE XVIIL6 


Weights of Hearts of Infants and Children 
(Coppoletta and Wolhach, 1933) 


Age 

Body Length 
Cm. 

Heart Weight 
Gm. 

Birth to 3 days 

49 

17 

3 to 7 days 

49 

18 

1 to 3 weeks 

52 

19 

3 to 5 weeks 

52 

20 

5 to 7 weeks 

S3 

21 

7 to 9 weeks 

55 

23 

9 to 3 nionchs 

56 

23 

4 months 

59 

27 

5 months 

61 

29 

6 months 

62 

31 

7 months 

65 

34 

S months 

65 

37 

9 months 

67 

37 

10 months 

69 

39 

11 months 

70 

40 

12 months 

73 

44 

14 months 

74 

45 

16 months 

77 

48 

18 months 

78 

52 

20 months 

79 

56 

22 months. 

82 

56 

24 months 

84 

56 

3 years . 

88 

59 

4 years. . 

99 

73 

5 years 

106 

85 

6 years 

109 

94 

7 years 

113 

100 

8 years . 

119 

no 

9 y cars 

125 

115 

lOyears . 

130 

116 

11 years . 

135 

122 

12 years . . 

139 

124 
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TABLE XVTII-7 


Circumference of Valves, in iM>Uimetcr>> 
(Kopsch, 1914) 


}/ahf ^ 

1 tir~al 1 

[ 

j Feacuik j 

1 

1 liiiUUliiUil 

Ma/e 

FemaJt 

.\tale 

Female 

Male 

Female 

M.ax. 1 

.Min. 

Tricuspid 

123 6 

107 5 

129 7 

124 5 

Hi. 3 

101.6 

108.4 

106.1 

Mitral 

llfl 4 

92 7 

117 2 

113.8 

97 4 

91.0 

104.5 : 

88 0 

Pulmonic 

71 8 

66 9 

— 

— 

84 7 

82.5 

76.7 

67.7 

Aoroc 

70 4 

64 1 

— 

— 

76 2 

72.0 

72.1 ! 

63 2 


TABLE XVI1I.» 


Sue of Pulmonary Trunk and Valve >n Children, 
According to Age (Hurwitt, 1947) 



•These figures represent the standard deviation of the distnbution. Approximately 68 per cent of the cases wiU 
fall within a range included b) the average ± once the standard deviation, and 95 per cent within a range included by 
the average i twice the standard deviation. The nvunber of cases »n the age groups above six >ears is too small for this 
type of anal) SIS. 
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TABLE XVni-9 

Thickness of Walls of Heart and Circumference ol 
Valves (Saphir, 1951) 

Thickness* of ITatl of Chambers, Mm. 


Right and left atri.i 1-2 

Wt \entricle 8-10 

Right ventricle 2-3 

Circumference of I'ahes, Cm. 
Mitral 10 

Aortic 7 5 

Pulmonic 8 5 

Tricuspid 12 


* Note: In measuring the thickness of the ventricles, 
care must be taken not to include the thickness of the 
pipillar) muscles and columnae carneae. 


and of ihe tricuspid as 12 cm. Hurwitt (1947) 
studied the size of the pulmonic valve of children. 
His results are given in Table XVIII-8. 

Kaufmann stated that, in measuring the 
thickness of the heart, it is important to indi- 
cate the exact site that is measured. The peri- 
cardial fat tissue and the trabecular muscles 
should not be included in the measurements. 
He gave the thickness of the right ventricle 
as 0.5 to 0.7 cm., and that of tlie left ventricle 
as 1.1 to 1.4 cm. His measurements of the 
wall of the right ventricle are obviously too 
large, its average thickness probably being 
only 2 to 3 mm. 

For practical purposes, it may be well to 
list the measurements given by Saphir (1951). 
Although they are average measurements, 
they will suiRce in most instances (Table 
XVIII-9). 
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H istochemical methods useful in Uie 
study of the heart are numerous and 
new methods are constantly being introduced. 
For this reason it has been necessary to re- 
strict arbitrarily the techniques to be de- 
scribed. Selected for description are those 
which have been tried and found easy, re- 
liable, and possible to perform without major 
dislocation of the usual procedures in the 
pathologic laboratory. We have found in our 
department that these techniques can be fitted 
into the routine of an autopsy service by se- 
lection of the cases to be studied. 

General Principles. Certain general prin- 
ciples are to be kept in mind in doing histo- 
chemical procedures. The first applies to all 
autopsy studies: Only one chance, this one, 
is iJresented for the study of the case. If the 
appropriate fixation and handling of tissue arc 
not done at the time of autopsy, the oppor- 
tunity is lost forever. The second general 
principle is that histochemical procedures 
supplement rather than replace histologic 
procedures. Certain histochemical iiroced- 
ures, such as the Alcian Bluc-PAS (Mowry) 


or the Sudan Black B fat stain, give admirable 
over-all appearances in tissue sections. How- 
ever, to practice good histochemistry one must 
do good histology and the beginner would be 
well advised to make familiar stains (hema- 
toxylin and eosin, Mallory or Masson tri- 
chrome, Verhoeff or orcein van Gieson) on 
sections corresponding to his histochemical 
preparations, for purposes of orientation. Fi- 
nally, these histochemical procedures are 
chemical methods of no greater or less chemi- 
cal complexity than those carried out in most 
hospital clinical laboratories. They require the 
same chemical standards of laboratorx’ pro- 
cedures; they do not demand, for their per- 
formance, any particular talent not found in a 
good medical technologist. 

General Directions. The following simple 
instructions include all that needs to bo done 
for any histochemical procedure described. 

1. Cut blocks of tissue 2 cm. by 3 cm. and 
not more than 5 mm. in 0iic\.ness. 

2. Place blocks in ice-cold buffered 10 l>er 
cent fonnah'n and leave in refrigerator oxer- 
niglit. However, tissues that are to he tester! 


1 1007} 
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for the presence of any of the following sub- 
stances should be placed in the designated 
fluid: 

Ribonucleic acid Carnoy’s fixative 

Sulfliydryl (-SH) groups 1 per cent 

trichloroacetic acid in 802 alcohol 

Cholinesterase saline, kept in deep- 

freeze cabinet 

Dehydrogenase saline, kept in deep- 

freeze cabinet 

Glycogen absolute alcohol 

Keep all fixing solutions ice-cold before, dur- 
ing, and after fixation. 

3. Cut frozen sections 12-15 microns in 
thickniess on all except paraffin-embedded tis- 
sues which are to be treated xvitli periodic 
acid'SchifT s reagent ( PAS ) or tested for ribo- 
nucleic acid (RNA). For cholinesterase and 
succinic dehydrogenase, the sections should 
be 25-50 microns thick. Place the frozen sec- 
tions directly into tire reacting solution or 
substrate as they are cut In addition, prepare 
ordinary paraffin sections. 

4. Replace the tissue blocks in the fixative 


and refrigerate, in case more sections are 
needed later. 

5. Incubate the tissue sections and com- 
plete the techniques as outlined. (The use of 
small paper cups will facilitate carrying tile 
sections tluough the solutions.) Wlicn the 
sections reacli water just before the final de- 
hydrating series, lift them up on to slides 
(which may be smeared with albumen) to 
smooth them out, dehydrate if desired, and 
mount. 

6. Run controls simultaneously with the 
sections, using tlie same solutions before and 
after the control step. This step is usually in- 
corporated in the incubating portion of the 
procedure. Consult outline of particular 
method for details, as there may be some 
variation in treatment of control, according to 
the procedure that is being run. 

7. Be sure that all slides are labeled with 
autopsy number, name of procedure, and tis- 
sue being treated. 

8. In general, have prepared solutions 
ready for use. Each procedure outlined sets 
forth instructions for making mixture.^ from 
previously prepared stock solutions. 


METHODS 


Periodic Acid-Schiff (PAS) 

Principle. Most if not all carbohydrates of 
tissue, except for the nucleic acids, are made 
up of repeating glycol (HC-OH) groups (.Mc- 
Manus, 1948). If txvo of tliese groups are ad- 
jacent (in so-called 1,2 glycols), periodic acid 
acts upon them to oxidize the hydroxyl group 
to aldeliyde. The aldeliyde is then colored 
with SchiTs reagent. 

Fixative. Any fi.\ative may be used, but in 
testing for glycogen, absolute or 95 per cent 
alcohol is recommended. 

Method. 

Preparation of Schiffs reagent. 

1. Weigh out 1 Cm. basic fuchsin. 

2. Weigh out 1 Cm. sodium metabisulfite. 

3. Boil 200 ml. distilled water. 

4. Add fuchsin and stir. 

5. Cool to 65° C. 


6. Filter and keep at 65* C. throughout fil- 
tration. 

7. Add 20 ml. N HCl (88.3 ml. HCI, sp. gt. 
1.16, made to 1000 ml. with distilled water). 

8. Cool to 25“ C. 

9. Add sodium metabisulfitc. 

Keep in dark. The fluid lakes about 24 bom’s 
to become orange or straw-colored; then add 
1 Gm. activated charcoal, mix well and filter. 
Filtrate should be clear. It is then ready for 
use. 

Sulfurous acid rinsing solution (for 3 Pen- 


field dishes). 

— 10? sodium metabisulfitc 36 mk 

1 N hydrocliloric acid 36 ml- 

Distilled water 528 ml- 

A. For iMrciffin sections: 


1. Take paraffin sections to water. 

2. Wash in running tap wafer. 
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3. Treat with 0.5 per cent periodic acid in 
water, 5 minutes. 

4. Rinse in distilled water. 

5. Place in Schiff’s reagent, 15 minutes. 

6. Rinse in three changes of sulfurous acid, 
each 2 minutes. 

7. Wash in running water, 3 to 10 niiiiiilcs. 

8. Stain in Harris’ hematoxylin, 20 to 30 
seconds. 

9. ^Vash in running water, 5 minutes. 

10. Dehydrate in two clianges of 95 i>ci 
cent alcohol. 


11. Pass through two changes of absolute 
alcohol. 

12. Clear in xylene or toluene and mount 
in balsam or Permount. 

(Note: Steps 8 and 9 are optional.) 
Results. Tissue and cellular materials, con- 
taining carbohydrate, take a magenta to pur- 
ple color. (See Figures XIX, 1-4.) 

B. Foi fiozcn sections: 

1. Place frozen sections in 05 per cent 
aqueous periodic acid, 5 minutes. 



Figtire XIX-1 (left upper). Glytogcii in nomuil in>'Ocjrdiiun of dog, fi\fd in Kos^inan’s fluid ,it uwin tem- ^ 
peratnre. Penodic acid-Sihiir. X210. ^ 

rignre XIX-2 (right upper). M>ocardiwm from dog Ikillid 3(1 iitiiuUc^ afttr lig.iUon of coroiury Tlic 

ivciiLinic arL'.i (top) is free of gl)eogcsi, sshilc tile MitToiinding noocardiiim (buUoni) c-oiit.uiis a norni.d 
amount. Penodic acid-Schitf. X210. 

Figure XIX-3 (left loner). N'omi.il in> ocardinm of dog after diaUasc digestion. The sarcoplasm is colorlcvs 
Mliile die sarcolcinma continues to stain. Diastasc-pcnodic acid-Scliilf. .X210. 

Figure .\lX-4 (ng/it lotLcr). Ischcinic m>ocardium 21 hours after ligation of the coronar>' artiry. Diavtasc’- 
pcriodic acid-Scliiif. The ischemic area is PAS-poulixe after diastase digestion, ami is .slurifly demarcaittl 
from the sunDunding myocardium. X2io. 
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2. Wash in several changes t)f distilled 
water. 

3. Place in Schiff s reagent, 10 minutes. 

4. Rinse in three changes o£ sulfurous acid, 
each 2 minutes. 

5. 4Vash in tap w’ater. 

6. Counterstain, if desired, with 20-30 ml. 
of Harris’ hematovylin. 

7. Wash well in water. 

8. Mount in glycerin or glycerin jelly, or 
dehydrate and mount in balsam. 

Alcian Blue-PAS 

Principle. Alcian Blue 8 C S is a patented, 
water-soluble tetraalkylthiouronium derivative 
of chloromethylated copper phdialoc>'anin 
( Venkataraman, 1952). Tliis important com- 
mercial dye was introduced as an empirical 
stain for mucin by Steedman (1950). Alcian 
Blue (AB) behaves like a basic dye but is 
unusually stable and resistant to decoloration. 

According to Dr. Robert W. .\Iowry of tliis 
department (personal communication), Steed- 
man's method yields staining that is less in- 
tense and less selective dun that obtained 
when a lower pH and a more dilute solution 
of dye are used. Tlie improved AB solution 
yields strong coloration of most epithelial mu- 
cins, mast cell granules, connective tissue 
mucins, and certain microbial capsules. Com- 
parison with other staining methods and the 
results of testing pure substances indicate that 
AB stains acidic carbohydrates (mucopoly- 
saccharides). Reference is made to Uiese 
studies by McManus in his chapter on Histu- 
chemistry of Connective Tissue in Asboe- 
Hansen’s Connective Tissue in Health and 
Disease (1954). Our Alcian Blue methods 
and the results obtained with them have not 
been previously published in full form. 

Method for Acidic Groups and 1,2 Glycols 
(of Carbohydrates). 

1. Take sections to water. (Remove mer- 
cury deposits, if necessary, with Lugol's solu- 
tion) and thiosulfate routine. 

2. Stain in 0.1 per cent Alcian Blue in 3 
per cent acetic add, 30 minutes. 

3. \Vash in running tap water, 2 minutes. 
Rinse in distilled water. 


4. Treat in 0.5 per cent periodic acid 
(HIO4), 10 minutes. 

5. Wash in running tap water, 5 minutes; 
rinse in distilled water. 

6. Treat in Schiffs reagent, 10 minutes. 

7. Rinse in three changes of sulfurous add 
solution (see PAS technique), each 2 minutes. 

8- Wash in running tap water, 5 minutes. 

9. Stain in Weigert-LUlie’s alum hematow- 
lin (equal parts of 4 per cent aqueous iron 
alum and 1 per cent alcoholic hemato.xylin), 
5 minutes. (Tliis step may be omitted in spe- 
dal instances, if nuclear staining is not de- 
sired.) 

10. ^Vash in running tap waiter, 2 minutes. 

11. Dip in saturated aqueous picric acid, 

1 minute. Rinse in tap water for a few sec- 
onds. 

12. Dehydrate, clear and mount. 

Results. Exclusively add substances (vari- 
ous connective tissue mucins) are blue; neu- 
tral polysaccharides (glycogen, and mucm of 
Brunner’s gland) are magenta; and certain 
substances (most epithelial mucins and carti- 
laginous ground substance) are colored by 
both AB and PAS, yielding varying shades of 
purple to very deep blue. The cell bodies of 
fungi are red to purple while mucoid capsules 
(e.g., that of Cryptococcus neo/ormaiis) are 
blue. Other features appear about tlie same 
as seen with the ordinarj- PAS (or PASH, if 
hemato-vylin is used). 

Bitter and Oleson (Hale-PAS) 

Principle. The principle underl>ing die 
Hale stain is not certain (Ritter and Oleson, 
1950). 'The method steins from Uie observa- 
tion that Colloidal iron (ferric) hydrotide is 
bound by tissue mucopolysaccharides and can 
be demonstrated by Peris’ prussian blue 
method. 

.Method. 

1. Zenker’s solution or Bonin’s fluid are 
preferred fixatives but formalin is also satis- 
factorv'. 

a. Fix the fresh specimen in Zenkers 
solution for 24 hours and then wash in run- 
ning tap water for 24 hours before immer- 
sion in 80 per cent alcohol for 24 hours, or 
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b. Fix in Bouin’s fluid for 24 hours and 
then immerse in 80 per cent alcohol for 24 
hours, or 

c. Fix in 10 per cent formalin for 24 
hours. 

2. After fixation, place the specimen in 95 
per cent alcohol for 24 hours, then in absolute 
alcohol for 4 to 10 hours, and subsequently 
leave in toluene overnight. 

3. Place the specimen in paraffin at 50-60* 
C. for 4 liours and tlien embed in fresh paraf- 
fin. 

4. Cut sections from 4 to 6 microns in 
thickness, mount on slides with glycerin-egg 
albumen and put in the oven at 65" C. for at 
least 1 hour. 

5. Immerse the slides in xylene for 2 min- 
utes to remove the paraffin and then pass 
through absolute alcohol and 95 per cent alco- 
hol to tap water. If the specimen was fi.\ed 
in Zenker’s solution, place the slides next in 
strong iodine solution U.S.P. {Lugols iodine) 
until nutmeg-brown, then leave in 5 per cent 
sodium thiosulfate until bleached, and wash 
well in running tap water. 

6. Immerse the slides in a solution com- 
posed of equal parts, by volume, of dialyzed 
iron and glacial acetic acid for 2 minutes, and 
wash well in distilled water. 

7. Place in a solution composed of equal 
parts of freshly prepared 0.02 potassium 
ferrocyanide and 0.14 M hydrochloric acid for 
10 minutes. 

8. Wash the slides well with distilled 
water and treat by the periodic acid-Schilf 
reagent method, as follows: 

a. Immerse in 0.5 per cent periodic acid, 
5 minutes. 

b. Wash in distilled water. 

c. Immerse in Schiff’s reagent, 15 min- 
utes. 

d. Rinse in tliree changes of suJfiirous 
acid, each 2 minutes. 

c. Wash in running tap water, 3 to 5 
minutes. 

f. Dehydrate in graded alcohols, clear 
in xylene, and mount in balsam. 

Results. Acid groups, including carbohy- 
drates, gi%’e a blue to green color: non-aad 
carbohydrates, magenta to puqile. A section 


carried through the procedure, omitting step 
6, should be run as control. Preformed ferric 
iron colors green-blue in the control. 

Toluidine Blue’' for Metachromasia 

Principle. Complex carbohydrates, con- 
taining either carboxyl or sulfuric acid groups 
or both, are metachromatic (stain red) with 
toluidine blue solutions. The given procedure 
colors both, but in order to produce maximal 
red color in predominantly carboxyl-contain- 
ing carbohydrates, it is desirable to expose to 
air ("air-dry”) after dehydration and before 
clearing in xylene. 

Method. 

1. T.ake paraffin sections to water. 

2. Treat in 0.01 per cent aqueous toluidine 
blue, 30 minutes. 

3. Wash briefly in water. 

4. Dehydrate in 95 per cent and absolute 
alcoliol. 

5. Remove from alcohol and "dry” briefly 
in air until opaque. 

6. Clear in several changes of xylene. 

Results. Acid mucopolysaccharides are red 

to pink. If granules of mast cells are colored 
red, staining procedure is probably accurate. 

Sudan IV 

Principle. The Sudan d>'es have a preferen- 
tial soluijility in fat as compared to alcohol. 
Tlie section is carried into a concentrated 
solution of Sudan IV in alcohol-acelone and 
the dye diffuses into the fat. Tlie solution of 
the dye is volatile and the dishes should be 
kept covered at all times to prevent precipita- 
tion of the dye on the section. 

Method. 

1. Frozen sections to water. 

2. Dip for an instant in 70 per cent alco- 

liul. < 

3. Slain in Herxheimer’s Scarlet Red solu- 
tion 2 to 3 minutes. (Formula: Scarlet red, 

1 Cm.; alcohol, 70 per cent, 50 ml.; acetone, 
CP.. 50 ml.) 

4. Wasl» quickly in 70 per cent ak-chol. 

• Tl»c technique and dituils arc thoie Dr. II. W. 
Mowiy. 
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5. Wash in water. 

6. Stain nuclei in alum hematoxylin, if de- 
sired. 

7. Wash thoroughly in water. 

8. Mount in glycerin or glycerin jelly. 

Results. Nuclei are blue, fat, orange to red, 

cholesterol, less brilliantly red. 

Sudan Black B 

Principle. Sudan Black B works on the 
same principle of preferential solubility as 
the other Sudan dyes, but appears to have the 
added property of coloring some complex 
lipids and phospholipids. It will color lipids 
that are preserved in paraffin sections, includ- 
ing myelin sheaths, “ceroid" and "wear-and- 
tear” pigment (Gomori, 1939, Baker, 1944). 

^lethod. 

Preparation of Sudan Black B Solution 
Saturate 70 per cent alcohol with Sudan Black 
B with repeated shakings. Leave overnight. 
Add more dye, shake repeatedly and again 
leave overnight. Filter before use. 

Procedure. 

1. Place frozen sections in saturated Sudan 
Black B in 70 per cent alcohol, 7 to 10 min- 
utes. 

2. Rinse in 70 per cent alcohol. 

3. Counterstain if desired. 

4 Mount in glycerin or glyccrivx \eUy. 

Results. Frozen sections, lipochromes, ce- 
roid and simple and complex lipids are black, 
in paraffin sections, complex lipids and pig- 
ments are black. 

Alkaline Phosphatase 

Principle. Phosph.ite is split from the sub- 
strate sodium glycerophosphate by alkaline 
phosphatase in the tissue. It precipitates as 
calcium phosphate. Subsequent reactions re- 
place lliis witli colwlt sulfide, leaving black 
coloration at the sites of acti\ ity. 

Method. 

1. Fix overnight in cool, hulTercd fonnalin. 

2. Cut frozen sections. Mount on slides 
smeared nilh albumen. 

3. Place in distilled water. 2 inimites. 


4. Incubate at 37’ C. for 1 to 4 hours in fol- 
loxving substrate: 

3 per cent (±1 M) solution Na glycero- 
phosphate, 5-19 ml. 

2 per cent (±2 M) calcium chloride, 
20-25 ml. 

10 pet cent ( ±5 M ) magnesium chloride, 

10 drops 

Sodium barbital powder, 0.5-1 Cm. 

Dishlled water, to make 50 ml. 

Adjust pH to 9.1 

(If mixture is turbid, filter before use.) 

5- Wash under tap, 1 minute. 

6. Immerse in 1-2 per cent solution of any 
soluble cobalt salt ( e.g., acetate ) for 5 minutes. 

7. Wash under tap, 1-2 minutes. 

8. Immerse in dilute solution of yellow ain- 
nionium sulfide (a few drops added to copUn 
jar of distilled water), 5 minutes. 

9. Wash under tap. 

10. Counterstain with eosin (0.5-1 per cent 
aqueous eosin), if desired. 

11. Run up ak-ohols into xylol. Mount hi 
Clarite or Permount if desired, or in glycerol 
or glycerin jelly. 

Proceed as abox’e but replace sodium glyo* 
erophospbate with distilled water in substrate. 

Results. Sites of activity take a black color. 

5~Nucleot!dase 

Principle. This procedure is carried out at 
pH 8 Z fnt upRmal tkctivity nf 5-nv\cleotidase. 
since the method used is similar to that of 
alkaline phosphatase except for tlie substrate- 
Tlie 5-nucIeolidase in the tissue splits off PO< 
from adenylic acid, which precipitates as 
CaPO,. Tire calcium is then rejilaced with 
cobalt and the PO^ is replaced by sulfide, 
leaving black cobalt sulfide at the sites of 
activity'. (See Gomori, I949j McManus and 
Lupton, 1953.) 

Method. 

1. Fix oveniight in cool, buffered formalin- 

2. Cut frozen sections and mount slides 
smeared with albumen. 

3. Place in distilled water, 2 minutes. 

4. Incubate at 2-6 hours at 37* C. in fob 
Imving iiiLxlure; Muscle adenylic acid 20 mg- 
in 20 ml, of O.l to 02 M harbit.il buffer id 
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pH 8.3. Add 20 ml. 2 per cent calcium chlo- 
ride. Add few drops of 10 per cent magnesium 
chloride. Adjust final solution to pH 8.3. 

5. Wash under tap, 1 minute. 

G. Immerse in 1-2 per cent solution, of 
soluble cobalt salt (acetate, chloride, sulfate, 
or nitrate), 5 minutes. 

7. Wash under tap, 1-2 minutes. 

8. Immerse in dilute ammonium sulfide 
(several drops added to a jar of distilled 
water), 5 minutes. 

9. Wash under tap, 3-4 minutes. 

10. Counterstain as desired in 1 per cent 
aqueous eosin. 

11. Run up alcohols into xylol. Mount in 
Clarite or Permount if desired, or in glycerol 
or glycerin jelly. 

For control, carry out above steps but omit 
the muscle adenylic acid from the substrate. 

Results. Sites of activity are black (Figure 
XIX-S). 

Acid Phosphatase 

Principle. In acid media only the acid 
phosphatase works to split off PO^ from glyc- 
erophosphate in substrate. The phosphate 
combines with lead to precipitate. Ammonium 
sulfide displaces the phosphate to form col- 
ored lead sulfide. (See Gomori, 19-11.) 

Method. 

1. Fix overnight in cold, buffered formalin. 

2. Cut frozen sections; place on slides 
smeared with albumen. 

3. Place in distilled water, 2 minutes. 

4. Incubate at 37* C. for 1-24 hours (pros- 
tate 1-2 hours, others 6-8 liours) in following 
substrate: 0.05 veronal acetate buffer pH 5, 
500 ml.; lead nitnite, 0.6 Gin.; 3 per cent 
( .1 M ) Na glycerophosphate, 50 ml.; incubate 
37° C. for 24 hours; filter. Keep refrigerated. 
( Add 5 per cent of volume of distilled water; 
discard if turbid.) 

5. Rinse in distilled water. 

6. Place in 1-2 per cent acetic acid, 1-2 
minutes. 

7. Rinse in distilled water. 

8. Immerse in dilute ammonium sulfide 
about 3 minutes. 

9. W.ish under t.ip, 4 minutes. 

10. Coimlcrslain as desired. 


11. Run up alcohols if desired and carry 
out steps 12 and 13. 

12. Clear in gasoline or tetrachloroeth- 
ylene (not xylol). 

13. Mount in Clarite dissolved in same 
solvent (gasoline or tetrachloroethylene) or 
mount from water in glycerol or glycerin 
jelly. 

For control, carry out above steps but omit 
the Na glycerophosphate from the incubation 
mixture, replacing it with 50 ml. distilled 
water. 

Veronal acetate buffer is prepared as fol- 
lows: 

Sodium acetate 9.7 Cm. 

Sodium diethyl barbiturate 14.7 Cm. 

Place in a 500-ml. volumetric flask, mix well 
and slowly add distilled water, swirling after 
each addition, to a volume of 500 ml. solu- 
tion. Tliis is the veronal-acetate of Michaelis’ 
stock solution. It should be kept at 4* C. 

Workin" solution for add phosphatase, 
pH5: 

0.1 N HCl 9 ml, or 180 ml. 

Stock of veronal 

acetate 5 ml. or 100 ml. 

Distilled water 11 ml. or 220 ml. 

Total 25 ml. or 500 ml. 

Incubate for 24 Iiours at 37’ C. 

It is not re-usable and should be kept at 

r c. 

Results. Sites of activity appear dark 
brown-black. 

Peroxidase 

Principle. An excess of hydrogen peroxide 
(HgOj) is added to the tissue containing 
peroxidase. This enzyme transfers the oxygen 
from to tlic benzidine, oxidizing it and 

rendering it colored (Adler and Adler, 1901; 
Goodp.isture, 1919; LePehiic, 1919, Wash- 
bum, 1928; Osgood, 1937). 

Stock Solution. Rcnzidinc solution 0.2-3 
jKT cent in 93 per cent alcohol. To each 1(X) 
ml. of solution add about 0.5 Cm. \a nitro- 
prussidc dissohed in a few milliliters of xs.itcr. 
If refrigerated, it xvill keep for moiiths. 


Figure XIX-5 Necrotizing arteritis studied by 5-nucleoUdase inetliod (McManus, Ciliner and Torbert, ii>** 
published). A. Orcein-san Gieson stain; B, C and D, S-nucJeotidase, histocbemical method. In the S-nuclet** 
tidase preparations, die sites of enz>'ine actisily appear black. A and B, paired sections sliowing destruetK?'’ 
of wall of coronary artery on the nght side, C, sbght regional invohement by necrotizing arteritis; D, estcli' 
si\e destruction of vessel wall (necrotizing artentis). 


Method. 

1. Fix overnight in cool, buffered formalin. 

2. Cut frozen sections; mount on slides 
smeared tvith albumen. 

3. Place iti distilled water, 2 minutes. (It 
may he preferable to carry sections directly 
into substrate.) 

4. Mix equal \oIumes of stock solution and 
a 1:5 dilution (for hemoglobin) or a 1:50 di- 


lution (for myeloid granules) of commercial 
(3 per cent) hydrogen peroxide. Pour ovt’*” 
slide and leave for 5 minutes. 

5. Decant; wash briefly in water. 

6. Counterstajn with a red nuclear stai>> 
(0.5 per cent aqueous acid fuchsia). 

7 . Mount directly in glycerol or glycerUJ 
jelly, or run up tlu-ough alcohols into x>Io 
and mount in Clan'te or Permount. 

Results. At sites of activity, myeloid gran- 
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ules are intensely dark blue, and hemoglobin 
IS dark brown to blue. 

Dehydrogenase 

Principle. The tissue dehydrogenase splits 
off hydrogen from added substrates (succi- 
nate, lactate, etc. ) . The tetrazonium dyes ac- 
cept the hydrogen split off (similar to coen- 
zyme diphosphopyridinenucleotide) and be- 
come colored compounds when reduced 
(Zweifach, Black and Shorr, 1950, Seligman 
and Rutenburg, 1951). 

.Nfethod. 

Phosphate buffer stock solutions 


Solution No. 1 

NaoHPO/H.O 13.8 Grn 

Distilled water 1000 ml. 

Solution No. 2 

NaHjPO^‘7 HjO 2681 Cm. 

Distilled water 1000 ml. 


Both are 0.1 M solutions and should be kept 
refrigerated. 

Working solution at pH 7.5 

Solution No. 1 43 ml, or multiple 

Solution No. 2 7 ml. or multiple 

Adjust final pH in pH-meter by adding drop 
by drop of solution needed. Solution No. 1 
elevates pH, whereas No. 2 loNvers it. 

Procedure. 

1. Cut fresh frozen sections 25-50 microns 
thick. 

2. Incubate tissue slices for 45 minutes at 
37° C. in following substmte; 

Distilled water 1 part 

Phosphate buffer, 0.1 M, pH 7.5... 1 part 

Neotetrazolium, 0.1 iJer cent Ipart 

Sodium succinate, 0.1 M Ipart 

Preheat substrate to 37* C. before placing 
sections in it. See that sections lie flat. 

3. Wash briefly in distilled water. 

t. Mount ill glycerogcl. 

For control, proceed as above, omitting 
sodium succinate from the substrate. 

Results. Sites of activity appear purple-red. 


Nonspecific Esterase 

Principle. The esterase splits the acetate 
from fl-naphthyl acetate, leaving an n-naph- 
thyl compound which is coupled to diazo 
Blue B to form a colored azo dye at sites of 
activity (Nachlas and Seligman, 1949 a, b; 
Gomori, 1950). 

Method. 

1. Fix overnight in cool, buffered formalin. 

2. Cut frozen sections. Mount on slides 
smeared with albumen. 

3. Place in distilled water, 1 to 2 minutes. 

4. Incubate at room temperature in fol- 
lowing mivture, 5-15 minutes: 

rt-Naphthyl acetate, 40 mg. in 0.5 ml. ace- 
tone 

Add 40 ml. .1 M phosphate buffer, pH 
7.4 

Agitate until initial cloudiness disappears 

Add 40 mg. diazo Blue B ( Dajac Labora- 
tories) 

Filter 

5. Wash in distilled water. 

6. Mount in glycerogel. 

For control, carry out above steps but in- 
cubate in solution containing distilled water 
instead of o-naphthyl acetate. 

Results. Sites of activity are blue. 

Distribution. Bronchial epithelium, elastic 
layer of large blood vessels, liver, homogene- 
ously stained pancreatic acini, convoluted tu- 
bules in cortex of kidney, Auerbachs plexus, 
cardiac portion of stomach. 

C/ioh'iicsterasc 

Principle. The substrate acctylthiocliolinc 
is attacked by tissue cliolinesterase, liberating 
free Uiiocholine xvhicli then precipitates as its 
cupric salt. The ammonium sulfide displaces 
the thiocholine moiety leaving dark brown 
cupric sulfide (Koelle and Fricdcnwald, 
1949). 

JVIctliod. 

Stock solution. 

Copi>er sulfate 

(CuSO,-5 ILO) 0.3 Cm. 
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Glycine 0.375 Gm. 

Magnesium chloride 

(MgCL*6 HoO) I.O Gm. 

Maleic acid 1.75 Gin. 

N(4 per cent) NaOH . . . . .30inl. 

Hot saturated (about 40 per cent) 
Na.SO^ 170 ml. 


Procedure. 

1. Cut fresh frozen sections. 

2. Mount on .slides smeared with allnimeii. 

3. Control- Place in 0.000001 M di-iso- 
propyl-fluorophosph.itc* (DIFP) for 30 min- 
utes prior to incubation. 

4. Incubate for 10-60 nunutes at 37* C. in. 
acetylthiochohne iodine, 20 mg , in a few 
drops of water. Add 10 ml. of stock solution. 

5. Rinse in Uvo or three clianges of satu- 
rated Na_.S 04 . 

6 Immerse in dilute ammonium sulfide 
(several drops added to a jar of water). 

7. Counterstain as desired. 

8. Run up through alcohol and into \ylol. 

ft. Mtmnt m Clatite ot Permovmt. 

Results. Sites of activity appear dark 

brown 

Cholinesterase 2 

Principle. Carbonell (1956) has shown 
that the conducting system of the human 
heart has an esterase which splits a iienta- 
decanoyl choline in the presence of cobalt to 
form an insoluble compound that can be 
blackened by ammonium sulfide. 

Method. 

Stock solutions. 

Pentadecanoyl choline, 0.02 M ± 7 ]>er cent 
solution. 

Cobalt acetate, 0 0125 M, in maleate buffer, 

0.03 M, pH 7.6-7.S. 

Procedure. 

1. Incubate frozen sections, 5-6 hours, in 
mixture of cobalt acetate stock solution, SO 
ml., and pcntadec.anoyl choline solution, 1 mL 

2. Wash sections in distilled water. 

3. Place sections in 1 per cent yellow am- 


monium sulfide in 70 per cent alcohol, 2 min- 
utes. 

4. Wash in water, dehydrate if desired, 
and mount in glycerin or glycerin jelly. 

Results. Bundle and branches are black. 

Desoxyribose Nucleic Acid (DNA)- 
Fcidgen 

Principle. Hie hydrochloric acid Indroly- 
zes desoxyribose (midear nucleic acid) to 
form free aldehyde groups in the tissues. 
Tlicse are subsequently colored magenta to 
purple by SchiiFs reagent. 

Melhod. 

1. Bring sections to water and remove 
mercur)' if necessary. 

2. Rinse briefiy in cold N HCl. (Tin's step 
is not absolutely necess.iry.) 

3. Place in N HCI at 60* C., 10 minutes 
exactly. 

4. Rinse briefly in cold N HCl and then 
in distilled water. (This step is not neces- 
sary). 

5. Transfer to SchifTs reagent, 10 minutes. 

6. Drain and rinse in three changes of 
freshly prepared bisulphite solution (5 ml. 
10 per cent K^SjOjj 5 ml. N HCl; water to 
100 m!.). 

7. Rinse in warm tap water or preferably 
in water at 42* C. 

8. Counterstain if desired (1 per cwit 
aqueous light green, 1 minute, or 0.5 per cent 
alcoholic Fast Green, to 1 minute). 

9. Dehydrate in alcohol. 

10. Clear in xylene and mount in balsam. 

Results. DNA appears in shades of icd- 

purple. 

Ribonucleic Acid (RNA)-Melhtjl Green- 
Pyronine 

Principle. Tliis is a straightforNv.\rd direct 
staining inctliod like other routine dyes. No 
essential sequence of chemical reactions b in- 
volved, altliougli Kurnick (1955) appears to 
find considerable specificity for RNA color- 
ing. 
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Method. 

Preparation of stain. Dissolve 0.5 Gm. puri- 
fied methyl green and 0.1 Gm. pyronine Y in 
100 ml. hot distilled water. Cool. Store in 
amber bottle. It will keep about 3 or 4 
months. 

Procedure. 

1 Fl\ in cold Carnoy’s solution, 3 to 4 
hours. 

2 Place in absolute ethanol, two changes, 
each 1 hour. 

3. Place in cedarwood oil until section 
sinks, 1-2 hours. 

4. Immerse in toluol, 3 to 5 minutes. 

5. Infiltrate with paraffin, 3 changes (Wat- 
terman’s mixture, Turtox), 49-51' C., each 1 
hour. 

6. Block in mold. 

7. Cut sections and mount on slides 
smeared with albumen or with help of warm- 
ing plate at 37-38* C. until sections stick to 
slide. (May need to add several drops dis- 
tilled water.) 

8. Place in xylol, 1 minute. 

9. Run through absolute, 95 per cent, 70 
per cent, and 50 per cent alcohols to water. 

10. Stain in methyl green-pyronine, 1 min- 
ute. 

11. Rinse several times in distilled water. 
Blot briefiy with bibulous paper. 

12. Immerse in mixture of 3 parts tertiary 
butyl alcohol and 1 part absolute alcohol, 5 
minutes. 

13. Clear in xylol for two 5-minute 
changes. 

14. Wipe off excess xylol. 

15. Mount in Clarite or Permount. 

Run through steps 1-9 in above irrocednre. 
Then place glass ring around section held in 
place with vaseline. Fill space over the sec- 
tion with ribonuclease solution. Incubate in 
oven at 37* C. for 1 hour. Do likewise with 
another slide, using distilled water instead of 
ribonuclease. .After incubation, carry botli 
test .ind CDulrol slides through steps 10-15. 

Methyl green is purified by extracting sev- 
eral times witli chlorofonn in vacuum filter 


apparatus. Tlie purified methyl green will be 
left in the filter paper. 

Results. Sites of RNA show as red color. 

Sulfhijdryl (SH) Groups 

Principle. The reagent, 2,2'-dihydroxy-6,6'- 
dinaphthyl disulfide, when used in excess at 
pH 8.5, reacts with the active, protein-bound 
or fixed sulfiiydryl groups to form a colorless 
substance which can be converted into an azo 
dye by coupling with tetrazotized orthodiani- 
sidine (Dajac's Diazo Blue) (Barrnett and 
Seligman, 1952). 

Method. 

1. Fix in 1 per cent (TCA) tricholoracetic 
acid in 80 per cent ethanol in cold, overnight. 

2. Pass through several changes of 95 per 
cent ethanol, each 1 hour. 

3. Pass through two changes absolute etha- 
nol, each 1 hour. 

4. Clear in cedarwood oil until section 
sinks. 

5. Immerse in toluol, 5 minutes. 

6. Infiltrate with paraffin 3 changes, each 
1 hour. 

7. Embed in paraffin; cut; mount. 

8. Immerse in xylol, 2 minutes. 

9. Run through alcohols to water. 

10. Incubate 1 hour at 50’ C. fu mixture of 
35 ml. 0.1 M Michaelis* barbital buffer, pH 
8.5, and 15 ml. absolute etiianol containing 
25 mg. 2,2’-dihydroxy-6,6’ dinaphthyl disul- 
fide. 

11. Cool 10 minutes at room temperature. 

12. Rinse briefly in distilled water. 

13. Wash in two changes distilled water 
acidified to pH 4 to 4.5 with acetic acid (1 
drop glacial acetic acid to 200 ml. water), 10 
minutes. Tliis step is necessary to convert the 
sodium salt of the reagent or of the reaction 
by-product to free naphlliol for extraction 
with organic solvents. 

14. Extract excess of reagent and hy-i)nKl- 
ucts of reaction by running through alcohols 
to absolute alcohol and then wasliing in abso- 
lute ether for 5 minutes. 

15. Dehydrate by running through de- 
creasing strengths of alcohols and rinse in 
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distilled w’ater. Bairnett recommends rapid 
bath of N HCI (personal communication to 
M.A.G.). 

16. Stain for 2 minutes at room tempera- 
ture in tlie following freslily prepared mix- 
ture (used immediately in the dark): 50 mg. 
tetrazO'treated diorthoanisidine in 50 ml 0.1 
M S0rensen phosphate buSer, pH 7.4. 

17. Wash in running tap water, 4 minutes. 

18. Mount with cover glass in glycerogel. 
Run control slides through steps 1-9. Im- 
merse for 4 hours at 25“ C. in 0.0015 XI iodine 
(378 mg. per liter) containing a trace of KI 
at pH 3.2. Then carry slides through steps 
10-15 as above. 

Results. Sites of much activity show as blue 
color; of slight activity, as red c(jlt)r. 

Cholesterol, Free and Esterified 
Principle. The mechanism of the acetic sul- 
furic reaction whicli produces a blue-green 
color is unknown. Digitonin combines only 
with free cholesterol (unesterified 3-cls-OH 
groups), while the Schultz modification of the 
Liebermann-Burchardt test applies to boUi 
free and esterified forms (Feigin, 1956). 

Method. 

1. Fix overnight in cold, buSered forma- 
lin ( 10 per cent ) . 

2. Cut frozen sections, mount on slides 
smeared with albumen. 

3. Place in distilled water, 2 minutes. 

4. Immerse in a 0.5 per cent solution of 
digitonin in 40 per cent ethanol at room tem- 
perature, 3 hours. 

5. Drain and immerse in a 2.5 per cent 
aqueous iron-alvim solution at 37* C., 2 to 4 
days. 

6. Simultaneously, place a duplicate sec- 
tion of tlie same material not treated as in 
steps 4 and 5 above, into the same solution 
and container in which the test section has 
been placed. 

7. Drain fairly dry. To glacial acetic acid 
kept in an icc bath, add an equal solumc of 
concentnited sulfuric acid. Cover both sec- 
tions with mixture and apply coverslips. 

Results. The appearance of a transient 
blue-green color is the characteristic positive 
reaction. This lasts a few minutes to hours, so 


that photographs must be made if a perma- 
nent record is desired. Tlie control slide, which 
omits steps 4 and 5 discloses both the free and 
esterified cholesterol, while the test slide dis- 
closes only free cholesterol. The difference 
between the sections thus indicates presence 
of the esters (Kent and Diseker, 1955). 

Arginine 

Principle. A red color (as first described 
in the test tube by Sakaguchi) is produced 
when arginine reacts with oxine or with n- 
naphthol and hypochlorite in alkaline solu- 
tion (Warren and McManus, 1951). 

Method. 

1. Fix in cold, buffered formalin. 

2. Cut paraffin or frozen sections. 

3. Carry paraffin sections through xj’Iol to 
70 per cent alcohol. 

4. Place sections in 0.3 per cent solution of 
8-hydro\yquinoline (oxine) in 30 per cent 
ethanol at room temperature, 15 minutes. 
(Prepare solution by adding 7 parts of water 
to 3 parts of 1 per cent stock solution of oxine 
in absolute ethanol.) 

5. Place sections quickly, not allowing t® 
drain, into alkaline hypochlorite solution, et 
room temperature, 60 seconds. Solution 
made by adding 1 part of Clorox (1.6 N) 

9 parts .015 N KOH until the concentration of 
Clorov is 0.15 N. 

6. Change quickly, without draining, iato 
following alkaline urea solution: 0.13 N 
KOH, 10 ml.; urea, 13 Cm.; H.O, 31 ml.; in»x; 
tertiary butyl alcohol, 70 ml. Agitate gently 
for 10 seconds, then transfer to another jnr 
of same solution for 2 minutes. 

7. Transfer to pure tertiary butyl alcohol, 
agitate for 10 seconds, then place in another 
jar of same solution for 4 minutes. 

8. Place in aniline (aniline oil), 3 minutes. 

9. Wash in xv'lcne, 10 sec<mds. 

10. Mount in Permmint containing anili"® 
(One volume of 0.1 ml. aniline in 100 m'- 
\>Ienc added to 4 volumes of Permount). 

Reagents 4, 5 and 6 must be made frns * 
daily. 

Results. Arginine-containing protein aP' 
pears orange to red. The color is unstable aU 
disappears in a few weeks. 
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DISCUSSION 


It would be gratifying to be able to tabu- 
late the specific histocbemical piocedures that 
are indicated in the study of the usual myo- 
cardial diseases. It is both unfortunate and 
fortunate that this is not the case: unfortu- 
nate because we do not possess enough in- 
formation about the “what, when, where, 
how and why" of these disease conditions, 
and fortunate because this information is yet 
to be acquired since it is the autopsy patholo- 
gist, and only he, who will acquu-e and dis- 
seminate this necessary information. Inas- 
much as there are too many differences in 
histochemical features to allow the easy trans- 
lation of data from experiments on animal tis- 
sues to human disease, we must study human 
tissues. 

While this new body of knowledge is yet 
largely to be acquired, the advancing front 
of histochemistry can give knowledge which 
is not available by present routine histologic 
preparations. Several of the applications of 
these methods are listed under the descrip- 
tion of the technique. Some common cardiac 
lesions aie listed, together with indicated 
methods. 

It should be noted that limitations exist for 
nearly every method. The pathologist-investi- 
gator using histochemical methods would do 
well to have at his side Pearse's Hislocheni- 
istrij, McManus and Mowry’s Staining Meth- 
ods, or Goinori’s or Lillie’s books on method- 
olog)', and refer to them constantly. Details 
of indications, technique, and interpretation 
are given in these e.xtensive treatises and can- 
not be covered in a chapter of this size. 

Finally, the pathologist who familiarizes 
himself with these techniques may utilize 
them in reseaich, since many of these more 
recent methods have not yet been applied, 
even in common diseases. The body of in- 
formation to he acquired is largo enough for 
trained workers in pathology to assemble it 
and make it available. 

Applications of Histochemical Methods in 
Various Diseases 

i. MSOCAHDIAL INFAllCTION 
The Coronary Arteries. In experimental 


necrotizing lesions of coronary arteries in the 
rabbit the extent of damage to the muscle is 
well demonstrated by the 5-nucleotidase 
method (McManus and Lupton, 1953). Gen- 
erally, hyaline or necrotic foci are well seen 
in preparations with the Alcian Blue-PAS 
technique. The condition of the ground sub- 
stance of the vessel is well shown by the same 
metliod. An analysis of the lipid deposit in 
the vessels requires the whole battery of 
Sudan IV, Sudan black and cholesterol stain- 
ing methods which need supplementation by 
AB-PAS to give a complete picture. Blood 
vessels in the plaque will generally have their 
endothelial linings take an alkaline phospha- 
tase stain. 

n»e Myocardium. The changes in the myo- 
cardium produced by ischemia, such as will 
result from a coronary obstruction whether 
caused by necrotizing arteritis or coronary 
thrombosis, can be picked out readily at a 
very early stage by the methods outlined by 
Wachstein and Meisel (1953), by Kent and 
Diseker (1955), and by Yokoyama and lier 
associates (1954). It is useful to follow the 
progress of the disappearance of heart muscle 
libers by standaid liistologic techniques, such 
as the phosphotungstic acid-hematoxylin 
method, while observing the changes in the 
giound substance with the Alcian Blue-PAS 
methods. 

Early in the reparative process in the lieart, 
as in every' other tissue so far studied, there 
is a concentration of acid mucopolysacclia- 
ride, as demonstrated by strong Alcian Blue 
staining and by increased mctacliromasia. As 
new connective tissue fibers are laid down, 
and this is perhaps best seen with tlie classic 
x'an Gieson technique, the acid mucopoly- 
saccharide decreases greatly, us sliown by 
decrease in their affinity for Alcian Blue and 
metachromatic dyes. 

Little can bo added to the yuper by Wach- 
stein and Meisel (1953) regarding the en- 
zymatic histochemical methods in myocardial 
infarction. 

Tlie Thrombus. Tlie thrombus in a coro- 
nary artery frequently shows an astonishing 
mimlKT of ages and stages when studied with 
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the Alcian Blue-PAS technique. The older 
parts of the thrombus, as indicated sometimes 
by early organization and the disappearance 
of pigment-containing cells, shows a hyaline 
material which is strongly PAS-posilive, while 
the fresher parts of the thrombus show a 
varying proportion of Alcian Blue-positive 
material. Maiiy thrombi, when stained with 
hemato.vylin and eosin, appear to have re- 
sulted from one episode of thrombosis but, 
when studied with the AB-PAS method, turn 
out to be Crops of tlirombi. 

2. RHEUMATIC FEVEH AND RELATED DISEASES 

In a number of cases of rheumatic fever 
which we have studied, the ground substance 
of die heart shows a mucoid cliange demon- 
strable with the mediods for acid mucopoly- 
saccharides (Alcian Blue, colloidal iron posi- 
tivity, metacliromasia). The distribution of 
these changes is much more extensive than 
that of the Aschoff nodules and may have 
diagnostic value equal to actual demonstra- 
tions of Aschoff nodules. The changes arc 
sometimes most conspicuous at the angle 
formed by tlie mitral valve and die ventricu- 
lar wall, and it seems to us that this is also a 
favorite site for the Aschoff body. 

The fibrinoid necrosis of die Asciioff body 
is PAS-positive and produces a striking pic- 
ture with the AB-PAS stain. The older studies 
of AUslwsles and Angevine (1943) describe 
the metacliromatic staining of the fibrinoid 
degeneration of connective tissue and also 
indicate some limitations of interpretation. 

41'ith the onset of healing and fibrosis in 
the Aschoff nodules, acid mucopolysaccha- 
rides begin to appear in greater concentrations 
in the PAS-positive fibrinoid degeneration 
and healing proceeds much as in myocardial 
infarction. The cells of die Aschoff body are 
quite strongly positive with the method for 
5-nucleotidase, as determined in limited un- 
published studies of Lupton and McManus. 

ll^ith the routine stains of hematorylin and 
eosin, the muscle fibers in the first attack of 
rheumatic fever may appear normal, or at 
most, only slightly hyalinized, in relationship 
to the early Aschoff body. However, with 
the PAS method, dicsc cells present an ab- 


normal accumulation of glycogen, suggesting 
the early metabolic damage which will later 
resolve, with loss of muscle fibers adjacent to 
die Aschoff nodule. We have found no histo- 
chemical features that would support the sug- 
gestion that the cells of the Aschoff body 
originate in cardiac muscle. 

Enzymatic studies in rheumatic fever and 
in the rheumatic group of diseases have not 
yet been carried out to demonstrate func- 
tional abnormalities of the myocardial fillers. 
Tlic demonstration of such enzymes would 
represent a considerable contribution to the 
functional pathology of the heart. 

3. MISCELLANEOUS LESlO.NS 

Infectious agents in general have a belter 
chance of being demonstrated by the classic 
bacterial stains, such as the Brown and Brcnn 
stain or the acid-fast methods, with die ex- 
ception of fungi vvlijch are best seen widi the 
Alcian Blue-PAS or Ritter and Oleson meth- 
ods. Dr. Robert MowTy has pointed out that 
capsules of pneumococci, streptococci and 
staphylococci are well shown with Alcian 
Blue and he recommends die Alcian Blue- 
Feulgen method. 

Derangements of die connective tissue 
structure within the heart, as a result of ac- 
tive or previous disease, are generally well 
shown by die AB-PAS methods. It is possible 
also to obtain some evidence of the duration 
of the process since early' lesions geneniHy 
have more acid mucopolysaccharide than 
older ones, just as in the case of myoc.irdial 
infarction. 

A conspicuous exception to this nile is the 
condition of endocardial fibro-elastosis i” 
which the mucoid material is frequently more 
conspicuous with either the Alcian Blue, Rri" 
ter and Oleson, or metacliromatic inethcids 
than is the elastic tissue or the fibrous tissue 
witli appropriate stains. The condition should 
probably be called mucoid fibroelastosis or 
some other more euphonious term which 
would emphasize the great concentration of 
mucoid material or acid mucopolysaccharides 

in the lesion. This association of acid mueo- 
polysaccliarides and elastic tissue has been 
stressed by Rinehart (19.51) in relation to 
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the vessels, bvit to our knowledge has not 
been emphasized in endocardial fibro-elas- 
tosis. 

The logical method for the study of the 
conduction system is a histochemical one to 
show the specific fibers. Carbonell (1956) 
has indicated that some cases of bundle 
block are not associated with conspicuous 
changes in the enzymatic activity, as sliown 
with the pentadecanoyl substrate. 

Amyloidosis of the myocardium is demon- 
strated about as well with the Alcian Blue- 
PAS method as by the older techniques, in- 
cluding that of King. The amyloid forms a 
PAS-positive material ringing the muscle fiber 
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and separating it from the acid mucopolysac- 
cliarides of the perimysium. 

Tliere is no really satisfactory and trust- 
worthy method for the demonstration of 
hemoglobin either in erythrocytes or in heart 
muscle. Generally, the classic staining meth- 
ods, and notably those utilizing alizarin red, 
will be found most satisfactory for hemoglo- 
bin. However, the breakdown products of 
hemoglobin, particularly hemosiderin, are 
well shown by the Peris iron stain, producing 
a sinking picture when counterstained with 
the PAS method and with some nuclear stain 
added, sucli as liematoxylin. 
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A 

Abscess of Jieart, 792 
Acanthocheiloneniiasis, 834 
Accretio cordis, 705 
Acquired valvular defects, 210 
Acromcg.ily, heart in, 524 
Actinomycosis 

of endocardium, 725 
of iiiyocardiuin, 794 
of pericardium, 704 
Addison’s disease, 997 
Adrenalin, effect on heart, 529 
Afncan sleeping sickness, 825 
Agenesis of spleen, in cor biloculare, 340 
Aging 

of aorta, 558 
of coronary artery, 595 
of myocardium, 559 
Air embolism 

demonstration at autopsy, 1044 
of coronary artery, 630 
Alcohol 

acute poisoning, 529 
and atherosclerosis, 577 
Altitude, exposure to high, 

and myocardial infarction, 592 
hypoxemic necrosis of m>ocardium, 583 
Amebic pericarditis, 704, 824, 825 
Amyloidosis, primary, 502 

functional disturbance of heart, 234 
localized to lieart, 504 
of chordae tendincae, 503 
of coronary arteries, 503 
of endocardium, 503 
of myocardium, 502 
of valves, 503 
Pluming reactions, 504 
Amyloidosis, secondary, 504 
Anastomoses, intercoronary, 109, iJ2, 113 
size of, 569 
Anatomy of heart, 93 

annuli fibrosi, 114, 117, 118, 122 
atna, 97, 104 
afnoventriciiJar node, 125 
atnosentricular vaKcs, 107 
blood sessels, 108, 109, 112, 113 
bundle of His, 114, J16. 123, 124, 127 
chordae tendincae, 107 
circulation, 108, 112 
conduction s> stein, 123 
toroiiaiy’ artenes, 108 
coronary scins. 111 
cpicarJium, 93 

esamiuation at autopsy, 1043 
external aspi-ct, 93, 98 


fibrous framework, 114 
gross examination, 93, 1043 
histology, 116 
inferior vena cava, 102 
interatrial septum, 101 
intenor, 100-103, 105, 106 
interventricular septum, 104, 297 
intramural circulation, 112 
lymphatics, 114 
meosuFcinents, 1062 
nerves, 128 
papillary muscles, 106 
pars membranacea, 55, 105 
pencardiai sac, 94 
pericardium, 98 
Purkinje fibers, 127 
relations, 93, 95 
septum membnmaceum, 115 
sliape, 93 

sinoatnai node, 125 
size, 03 

terminology, 94 
valves. 107. 108, 716. 717 
ventricles, 95, 96, 104 
ventricular septum, 104, 297 
weight. 93. 1062 
Anemia 

angina pectoris in, 531 
cardiac signs in, 998 
causing cardiac enlargement, 832 
coronary insufficiency in, 584 
dilatation of cardiac chambers m, 538, 539, 832 
effect on cardiac output, 231 
Aneurysm 

at fossa ovalis, 286, 286, 306 
atherosclerotic, 640, 915 
divscctiiig 

of coronar>’ artery, 637, 638 
of pulmonary artery, 948 
emhohe, 715 
erosive, 71S, 742 
false ventricular, 1038 
injcotic, in coarctation of aorta, 400 
inycotic-emliolic, of coronary artery, 640 
of aorta, 459, 913 

atlicrosclcrolic, 640, 915 
congenital, 928 

aortic bicuspid valve in, 929 
arachnoddct>Iy, 928, 929 
]i)poplasia of aorta in, 928 
“jit" intimal lesion in. 929 
Marfan’s svndroiiic, 928 
dissecting. 460. 917, 921-925 
age and sex incidence, 919 
cause of death, 919 
extent of dissection, 920, 921 
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medial degeneration, 923, 924, 925, 926 
microscopic changes, 922 
pathogenesis, 922 
sex inadence, 919 
site of intimal tear, 920 
sur\ival, 912. 920 
unruptured, 922 
Nvithout intima) tear, 921, 924 
etiology, 913 
mycotic, 929 

syphihUc, 912, 914, 914. 917, 918 
clinical features, 914 
external rupture, 915'917 
location. 914 
surgical conection, 916 
traumatic. 927 

of aortic sinus (Valsalva), 433, 436 
of circle of Willis, in coarctation of aorta, 459 
of coronary artery, atherosclerotic, 620 
of ductus arteriosus, 447 
of membranous septum, 341, 342 
of pulmonary artery, 315, 94Q 
of ventncle, 615, 61 C 
old meamng, 6 
perforation of erosive, 718 
surgical correction of ventricular, 1038 
valvular, 714. 715, 740, 741, 742 
Angina pectoris, 218, 220, 1011 

age at onset, in relation to infarction, 588 
cause of death m, 222 
historical, 5 
in acute anemia, 531 
in mitral insufficiency, 676 
pathologic basis, 582 
Angiography 

in living human fetuses, 75, 77, 78, 79 
of common “ventricle,'' 946 
of coronary ortenes. 561, 1037 
ventriculography, L73 
Angioma 

of heart, 864, 871 
of pcncardiuni, S60, S62 
Angiomatoid lesions of lung, 955, 956-961 
Angio-reticuloina of endocanhunv, 871 
Angulabon and rotation of heart, 224 
Animals 

coronary occlusion in, 578 
myocardial infarction in dogs, 592, 599 
Anitschkow’s myocytes, 656, 657, 784, 786, 799 
Annulus fibrosus, 114, 117, 122, 716 
calaficabon of, 518 
of aortic valve, 116, 118 
of mitral and tncuspid valves, 57, 72 
Anomalous coronary arteries, see Coronary artenes 
Anomalous drainage of pulmonary vans, see Veins, 
pulmonary 

Anxiety, effect on cardiac output, 230 
Aorta 

aneurysm of, see Aneurysm of aorta 
atherosclerosis of, see Atherosclerosis 
dilatadon with age, 558 
isthmus of, postnatal changes, 84 
lesions of, S96 

inflammatory lesions, 608 
pressure in, 172, 174 
rupture of, 46Q 
syphihs of, 904, 906, 914 


transposition of, see Congenital mal/omiallons 
Aortic arch, see Congenital malformations 
Aortic atresia, 400, 4<X)-402 
Aortic calcific sclerosis, 676 

conduction system, im oh am id of. i53 
Aortic cusp 

clastic lamina, 118 
fibrous lamina. 118 
spongiosa, 717 
Aortic insufficiency 

and ventricular septal defect, 315 
endocardia! pockets, 077 
murmur in, 211 
size of heart in, 677 
surgical coirtction, 1033, 1034-1038 
Aortic pressure 

effect on cardiac output, ISO 
effect on coronary cfrculabon, 219 
in hypertension, 227 
Aortic septal defect, congenital, 3G8 
surgical correction, 1021 
Aortic sinuses, 108 
Aortic Stenosis 

congenital, 408, 409 
effect on coronary circulation, 219 
murmur in, 212 
rheumatic, 674, 673 
same of death in, 676 
surreal conulion, 410, 1031 
Aortic valve 

anatomy, 107, 108, 716. 717 
annulus fibrosus, 116, 118 
gumma. 757 

insufficiency, sypluliUc, 755, 756 
Aortic valvulitis 

angina pectoris In, 993 
Austin Flint munnur, 992 
chronic. 669 

cltnicopalltologic correlations, 992 
Quincke’s capillary pulse, 992 
Aorticopulmonary fistula, surgical correction, 1022 
Aorticopulmonary septal defect, 368 
Aortitis, primary acute, 910 
Arathnodactyly 

cardiovascular lesions in, 928, 929 
dilatation of aortic sinuses in, 435 
in congenital aneurysm of aorta, 928, 929 
Arrhythmias 

arisiz^ in sinoatrial node, 200 

atnal flbnllatioci, 209 

atrial Butter, 202 

atrioventricular nodal, 207, 208 

bradycardias, 208 

bundle-branch block, 205 

complete heart block, 204 

delayed conduction, 204 

diiferential diagnoss, table, 207-210 

dissociation of impulses, 204 

disturbances in initiation of impulse, 200 

extrasysteJes, 201, 209, 210 

first degree block, 204 

fusion beats, 201 

historical, 21 

idioventricular, 201 

in coronary occlusion, 223 

interference of impulses, 204 

interpolated extrasystoles, 202 
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intra-atrial block, 203, 210 
intraventricular block, 204 
paroxysmal tachycardias, 202 
partial block, 204 
premature atrial beats, 201 
premature ventricular beats, 201 
prolonged refractory period, 204 
pulsus altemans, 204 
pulsus bigeminus, 202, 209 
second degree block, 204 
sinoatnal block, 203 
table of. 207-210 
ventncular fibrillation, 209 
wandenng pacemaker, 201 
Artenal air embolism, 636 
Arterial pulses, registrabon of, 178 
ArterioJuminaJ vessels, 119 
Artcnosclerosis, see Atherosclerosis 
Artenovenous fistula 

effect on cardiac output, 230 
of aorta, 928 
of coronary vessels, 641 
Artenbs in rheumatic heart disease, 683, 684 
of aorta, 683 
of coronary arteries, 685 

Arbficial respiration, effect on cardiac output, 182 
Ascariasis, 833 

Aschoff body, see Aschoff nodule 
Aschoff cells, 784 
Aschoff nodule, 653, 654-660 
alterabve stage, 655 
granulomatous stage, 655-657, 656 
healing stage, 657, 658 
histoncal, 14 

jn auricular appendages, 673 
In rheumatic disease, 650 
m subacute bacterial endocarditis, 738, 743 
Aspergillosis, myocarditis in, 794 
Asphyxia, effect on coronary blood flow, J90 
Asthma, effect on cardiac filling, 225 
Atherogenesis, factors in, 582 
Atherosclerosis, 896 

ACTH, effect of, 903 
alloxan, effect of, 901 
androgens, effect of, 903 
chemistry of, 900 
chylomicrons, 901 
clearing factor, 903 
colloidal macromolccular theory, 901 
complications, 903 
contributory factors, 898 
cortisone, effect of, 901, 903 
estrogens, effect of, 903 
expenmental, 900 
familial hypercholesterolemia, 901 
fats of animal ongiii, 901 
hepann, effect of, 903 
liyaluromdase, effect of, 901 
hypercholesterolemia, 901 
liypothyroidism, 903 

"inlubilion" theory of atheromatosis, 897 
in coronary artery, 595 
m syphilitic aortitis, 900 
intake of fat, effect of, 901 
levels of cholesterol in, 901 
Iil>ophagic invasion of intima. 901 
local conditions, 901 


macroscopic appearance, 898, 899 
mechamcal filtration theory, 901 
mural thrombi, role in, 901 
necrosis of intima in, 903 
of aorta, 896 

of coronary arteries, see Coronary atherosclerosis 
of pulmonary artencs, 952 
ossification of calcified plaque, 904 
pathogenesis, 000 

see also Coronary atherosclerosis 
“permeation" tlieory, 900, 901 
regression of plaques, expenmeiital, 901 
saturated neutral fats, effect of, 901 
SM hormones, effect of, 903 
superimposed on syphilibc aortitis, 909 
ulcerabon of iubma in, 904 
xanthomatosis, 901 
Atherosclerobc aneurysms, 915 
cbmcal features, 915 
patliologic features, 916 

Atherosclerotic heart disease, see Coronary atheru- 
scierosis 
Atna, 97, 104 

Atnal fibnilabon, 202, 203, 207, 209 
and bactenal endocarditis, 729 
Atrial flutter, 22. 202, 207 

Ablai septa! defect, see Congenital malformations 
Atrioventricular bundle, 22, 118, 124, 134, i36, 137, 
139, 140, 142, 143, 151-153, 1S5, 156 
anatomy, 114, JJe, 123, 124, 127 
avoidance of. in surgery of iienrt, 1021 
branches, 140, 143, 151 
in embryo, 70 
left branch. 105, 125, 127 

Atrioventricular canal, common, persistent, 263, 264, 
267, 268, 283 

complete type, 264, 265, 266 
partial type, 267, 267 
transitional type, 268, 269 
Atrioventricular canal cushions, 56 
Atrioventricular nodal rhythm, 201 
Atrioventricular node, 73, 74, 123, 123, 126, 134, 
136. 138, 141, 147, 156 
in myocarditis, 154 
localization in lieart at autopsy, 1051 
Atrium, right, conductive function of, 147 
Atrophy of heart, 526 
brown atrophy, 527 
conceutrabon of capillanes in, 561 
coronary flow in, 561 
serous atrophy of fat, 527, 528 
Atypical verrucous endocarditis, see Endocarditis 
Auricular appendages, 97, 103, 119 
juxtaposition of, 336, 357 
Austin Flint murmur, 212 
Autopsy, examination of licart at, 1043 
Ayeiza’s syndrome, 227 

A^gos \«n, continuity with inferior vena tav.i, 48.“] 

B 

Bainbridge reflex, 187 

Balantidiasis, 800, 829 

Ballistocardiography, 178 

Ball-xalvo thrombus, 225 

Basophilic degeneration of myucardium, 50() 

Bcn^ii heart, 23-1. 5(K), 520 
chnical signs, 998 
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Bernlicim’s syiidroiiie, 216, 613 
Bicuspid aortic sahe. 676 
bactena] endocarditis, 45^ 
calcification of, in coarcfalion of aorta, tfti 
conacnilal, 405, 106 
Bicuspid pulmoiury \.ilve, i07 
Bdiiamasis and cor pulmonale, 1433, 055 
Blastomycosis, myocarditis in, 794 
Blood culture at autopsy, 1643 
“Blood cysU” of mitral salve, 640 
Blood islands, development, 42 
Blood lactic acid in heart failure, 246 
Blood supply of conduction system, 141 
Blood velocity ui heart failure, 244 
Blood vessels of heart, 108, 112, 113, 559 
artencs, see Coronary artenes 
arterioluminal, 119 
capillancs, 112, 192, 560 
collateral communications. 193 
in coronary occlusion, 
development of, 64 
sinusoids, 114 
thebesian veuvs, 114 
veins, ice Veijis of heart 
Blood volume in heart failure, 246 
BoirJiolm's disease, myocarditis m, 810 
“Bracht-W'achter Ixxlics,” 744 
Bronchiectasis, ^3 
bronchograin in, 966 
collateral arculation in, 967 
Brucellosis 

endocarditu, 723 
myocarditis in, 792 
Bullet wound of heart, S4S, S46 
Bundle-branch block, 205 
Bvvndle Hiv, se« ^trvavcntncvvUr hurwlte 

c 

Calcific stenosis of aortic valve, 676 
Calcification 

in hypervatanunovLv D, 5J7 
of atlieroma, 563 
of myocardium, 319 
of pencardium. 5J7, 518, 707 
Calcium and digitalis, addiBve tovic cfiecis. 236 
Calcium metabolism, disturbances m, 5J7 
Canmxlating cardiac clumlsers, metliods, 170 
Capillanes of heart, 112 
Capillary puLse, 211 

Carbon monoude poisorung, 528, 383, 584 
Carcinoid, malignant, sy-ndrorne of 
abnormal cardiac funcDon, 233 
endocardial fibrosis in, 762, 763, 765 
Carcinomatous emlsolus to heart, 882 
Cardiac catheterization 
danger in, 178 
in atrial septal defects, 261 
in patent ductus arteriosus, 313 
in pulmonary stenosis, 1024 
in tetralogy of Fallot, 987 
in ventricular septal defect, 313 
Cardiac commotioa, 849 
Cardiac cycle, 170 

pressure in aorta, vcntncle. alntitn, J7J 
Cardiac ejection in heart failure, 246 
Cardiac failure in ventncular septal defect, 314 
“Cardiac hisboc-yfe,'’ 656 


Cardiac iniivulscs, intcrfiTciicc of, 204 
Cmliac irregiiLiiilics, 200 

(lilTercntial diagnosis, table of, 207-210 
in cardiac callietcnratinn. 178 
Cardiac jflly. 29, 31 
Cardiac iiKivemctiiv. 171 
Cardiac output 

aortic pressure, eifcct of, 180 
artificial respiration, cifect of, 182 
eilnnsic nietharucal factors, ]81 
heart rate, eifcct of, 180 
liistotoiic hypuvia, 231 
in aiieinia, ^1 
in anxiety, 230 
in artenuvenous fistula, 230 
in exercise. 229 
in fever, 229 

in gassing by pulmonary irritant, 230 
in iicart failure, 241 
in osteitis dcfoniiaiis, 230 
in pregnancy, 229 
in sluick. 231 

intrinsic cardiac nvechanisms, 179 

meals, eifix^t of, 229 

mean circulatory filling presviue, 181 

mean static presssurc, 181 

measurement of, 177, 178 

posture, eilixt of, 182 

pressure in pulmonary' tnink, elTctt of, 180 

regulation, 179 

relation to peripheral rt&istaiKC, 220 
respiratory hypou,t, 230 
stagnant hypoua, 23] 
stroke volume. 179 
tixhmijucs for measunng, 177 
vwvdct variovv*. physMslogw: crmdvtvmw, k78 
ventricular tone, tifext uf, ISl 
ventricular volume. 179 
Cardiac “skeleton,” 11 1 
development of, 58, 72 
Cardiac ulcer. 715 

Cardiopulmonary bjpav.. 1017, 1029, 1033, 1033 
Cardiopulmonary disease, 940 
alveolar Fibrosis, 976 

aneurysm, dissecting, of pulmonary artery, 946 
angioraatoid lesions, 955, 958-961 
atelectasis, compressive, 963 
blood volume, affects of expanding, 941 
bronchiectasis. 966, 967, 973 
classification, 9 10 

coarctation of aorta, pulmonary arterioles in, 953 
cor pulmonale, 540, 945 
acute, 226. 957 
chronic, 227, 536 
diseases associated vvilh, 541, 968 
emphysema 

air-trapping in bullous emphysema, 970 
muscular hyperplasia in, 971 
nccrobzing arterial lesions in, 973 
pathogenetic factors in, 968. 969 
pumping effect of respiratory movements, 969 
respiratory tree in, 969 

vascular changes in bullous empliy scina. 9i- 
fat embolism in dog, 943 
kyphosclerosis, 973, 974 
lung in, 974 

lupus erythematosus, 944 
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Masson body in rheumatic disease, 976 
mitral stenosis 
eSecls of, 975 

necrosis of pulmonary arterioles in, 955, 956 
polyartentis nodosa, 944 
pulmonary and cardiac factors in, 945 
pulmonary artery 

dissecting aneurysm, 948 
distention of penpheral end, 942 
pulmonary atherosclerosis, 949, 950, 952 
pulmonary embolism, 541, 608, 957 
pulmonary hypertension, 226, 540, 945, 963 
cor pulmonale m mountain sickness, 948 
dissection of pulmonary trunk, 947. 948 
Eisenmenger’s complex, 949 
factors in, 947 
in atnal septal defect, 957 
pnniary pulmonary hypertension, 948, 949, 
950, 954 

“solitary pulmonary hypertension,” 956 
VICIOUS cycles In, 965 

pulmonary trunk, experimental dilatabon of. 944, 
945 

rheumatic carditis, acute, 945 
“rheumatic pneumonia,” 978 
sarcoidosis, 945 

sciustosomiasis of lung, 955, 959, 962 
Cardiovascular disease affecting lungs, 943 
Cardiovascular regulatory center, 186 
Central circulation dunng fetal life, 304 
Central sympathetic and parasympathetic activity, 
185 

Central venous pressure, 181 
in heart failure, 245 

Cerebral abscess in atrial septal defects, 281 
Cerebral infarction and myocardial infarction, 609 
Chagas’ disease, 826 

myocarditis In, 801, 826, 827 
pencardibs in. 826 
Chemistry of atherosclerosis, 900 
Cheyne-Stokes respiration, 18 
Chian’s net, 62, 104, 287, 287, 288 
Cholinesterases in conduction system, 141 
Chordae lendineae, 58, 107, 118, 122 
amyloidosis, 503 
rupture of, 8 

Chronic malnutntion, effect on heart, 235 
Chronic myocarditis, 785 
Chronic valvulitis, 667, 667, 668 
Circulation 

beginmng of, 44 
changes at birth, 81 
following birth, 73 
in fetal heart, 75, 76 
Circulation time 

in heart failure, 244 
normal, 182 

Circulatory iljnaiiiios in coronary occlusion, 223 
Clinicopathologic correlations in, 983 
condutlum system, lesions of, 155 
congenital malformations, 985 
e ndoeanhal lesions, 985 
injunes to heart, 850 
wiyoe^rclial lestuus, 996 
patent cliietns arteriosus, 988 
pcncardtal lesions, 983 

Coarctation of aorta, see Congenital malfonnations 


Coccidioidoniycosis of myocardium, 794, 798 
Coelothelioma, 877 
Collateral circulation in 
bronchiectasis, 967 
coTonary occ]usion, 223 
Compression, chronic cardiac, 225 
Compressive atelectasis, 963 
Coixireho cordis, 707 
Conduction system, 119, 123, J24, J26 
anatomy in human heart, 133 
anatomy' m other mammals, 143 
aortic calcific sclerosis, 152 
atnoventiicular bundle, 22, II8, 125, 134, 136, 
137, 139. 140, 142, 143, 151-153, 155, 156 
atrioventricular node, 73, 74, 134, 136, 138, 141, 
147, 154. 155 
bloexi supply, 141 

bundle branches, 134, 136, 140, 143, 147, 151, 
152, 153, 158 

bundle of His, see Atnoventncular bundle 
cardiac impulse, 166, 167 
cholinesterases in, 141 

correlation of lesions with electrocardiogram, 155 
bundle branch block, 156 
complete block, 156 

disturbances m coronary atherosclerosis, 593 
other arrhythmias, 158 
function of, 146 
historical, 22, 132 

m calcific sclerosis of aortic and mftral valves, 152, 
153 

in congenital heart disease, 148 
in dog and cat, 144 
in golden hamster, 145 
in guinea pig, 145 
in heart disease, 148 
arteriosclerotic, 151 
congenital, 148 
hypertensive, 151 
inflammatory, 153 
neoplastic, 154 
rheumatic, 153 
syphihtic, 153 
in hog and horse, 144 
in monkey, 146 
in monotrenie, 146 
in rabbit, 145 
in rat, 145 
in reptilian heart, 73 
in nuninants, 143 
Kent’s fibers, 142 

left bundle brandi, 140, 143, lSI-153. 156-158 
Maltaim’s paraspccific fibers, 142 
muscle of Lancisi, 137 
nerve cells, 141 
pacemakers in heart, 69 
physiology in mammals, 146 
PutUnje cells. 139. 114 
sinoatrial node. 133, 134, 135, 146, 147 
Wol(f-Parkinson-U lute Nyiidroiiic, 151 
Qnigemtal aneurysm tif .turt.i, 928 
“CuiigiiuLil aneurysm” of coiuii.iry aritry, 128 
“Congenital” tiidocarditis, 759 
Cuiigtiutal tiiairiimiatioiLs, 200 
aortic artJi. 438 
double. f50. 164 
interruption of, i62 
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postnatal changes in isthmic region, 8-1 
nglit, and tetralogy of Fallot, 329, 330 
right, and ventricular septal defect, 311 
aortic atresia, 400, 400-402 
aortic sinuses, 435 

atnal septal defects, 260, 263, 26 1, 270 
age at death, 276 
and mitral stenosis, S9G 
aneurysm at fossa nv.alis, 286 
assoewfal structural changes, 273 
at fossa ovahs, 283 
bacterial endocarditis in, 279, 280 
cardiac calhetcnzation, 261 
cardiac failure in, 283 
cause of shunts, 271 
causes of dealli, 233 
cerebral abscess in, 281 
circulation in fetus. 272 
circulation, postnatal, 272 
chmeal manifestations, 273. 983 
climcopatliologic correlations, 985 
complications, 276 
cyanosis tn, 282 
developmental basis, 283 
difTcrenlial diagnosis, 275 
incidence, 270 

in losveimost portion of septum. 283 
Liiteinbacher's syndrome, 278 
of entice septum, 269 
paradflvlc rnibolisui m, 201, 282 
paralysis of left vocal cord. 278 
postenot to fossa ovalis, 269. 270 
prognosis, 275 

pulmonary arlcnal aneurysm, 278 
pulmonary embolism, 378 
pulmonary tninls. dilatation of, 273. 281 
pulmonary veins, relationship to. 263. 265 
pulmonary vessels in adults, 277, 278 
sea distribution, 271 
superior to fossa ovalis, 269, 270 
surgical correction, 2S3, J0I7 
tlirombosis, 278 
valvular disease in. 278 
bicuspid semilunar vahes, 404 
chnicapathologic correlations. 985 
coarctation of aorta, 449, 445-457 
and double aortic arch, 450 
aneurysm in, 461 

bicuspid aortic valve, calcification of, 461 
classification, 449 
climcopathologic correlations, 983 
collateral circulation, 433, 454 
complications, 459 
dissecting aneurysm in, 459, 460 
endocardial sclerosis in, 401 
erosion of nbs, 453, 456 
m>cotic aneurysm in, 460 
necrotizing artentis of abdominal organs, 461 
of lower llioracic or abdominal portions, 458 
pathologic anatomy, 450 
prognosis, 459 
pulmonary artenoles in, 953 
rupture of aneurysm of circle of Willis, 459, 
461 

rupture of aorta in, 460 
Ti.mprs 


with closttl ductus arteriosus, 450 
with ventricular septal defect, 311 
conduction system in, 148 
conus arteriosus. 354 
cor biloailarc, 11. 269, 339. 339, 367 
agenesis nf spleen in, 310 
functional di-rangcnient, 310 
prognosis, 341 

pulmonary obstruction in. 3-10 
cor trialrialiim, 481, 485, 4S8 
cor tnloculare, 335, 336-338. 367, 946 
associated conditions, 338 
complications, 338 
functional features, 337 
incidence, 337 
prognosis, 338 

cor tnloculare bivcntriculans, 269 

coronary vessels, 425 

cyanosis in, 2l6 

double right v entricle, S 

ductus .arteriosnis, 10 

ductus Botalli, 10 

historical, 8 

mitral alrcvta, 3K 

tmiral insuflicicncy, 389 

mitral stenosis, 388 

morbus cacnilcu^. 8 

of endocardium, 417 

of pericardium, 417 

of thoracic veins, 481 

of valves, 375 

opening of heart, mcUiod, 1(1 >3 
pulmonary atresia, 396 
pulmonary stenosis, 392*395 
pulmonary IninV, biventricular origin, 3b0, 362 
qiiadncuspid scinilunar valves, 404, 408 
septal defects, liUlorical. 10 
(lioravic vemv, 481 
Uirce-chamhcrcd heart, 11, 948 
transposition of great vessels, 354, 354-356, 358 
associated conditions, 358 
complete, 354, 354 
correctevl, 301, 365 
early descriptioas, 11, 12 
muscular artery of lung in, 359 
pathologic anatomy, 355 
prognosis, 358 

pulmonary trunh, bivcntricidac ongiit, 366 
Taussig-Bing camplev, 359 
univentricular origin of both vessels, 360, 364 
tncuspid atresia, 375-382 
anatomic types, 377 
associated conditioas, 380 
developmental basis, 381 
incidence. 379 

juvtaposition of aunciilar .ippeiidages, 380 
prognosis, 3S0 
tncuspid insufficiency, 385 
tncuspid stenosis, 383, 1035 
tncuspid valve 

defoniuties, 677, 675 
double orifice. 390 
Ebstein's malformation, 3Sl, 333 
tiuucus ami conus arteriosus, 354, 354 
valves, 375 

ventricular septal defects 

and narent ductus artenosiis. 311. 332 
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anterosuperior to cnsta supraventricularis, 297, 
300 

climcopathologic correlations, 986 
functional and structural effects, 304 
heart block in, 315 
incidence, 303, 304 
membranous portion, 317 
posteroinferior to crista supraventricularis, 297, 
300 

postnatal circulation, 305 
related to outflow tracts, 297 
relation to conduction tissue, 302 
with pulmonary stenosis, 317 

angiocardiographic studies, 329 
aorbc arch, malfonnations of, 329, 330 
associated conditions, 331 
bactenal endocarditis in, 334 
broncliial arteries, 325 
causes of obstruction to pulmonary blood 
flow, 321 

cerebral abscess in, 334 
cerebral thrombosis in, 334 
cbnical features, 328 

collateral blood supply to lungs. 325, 327 
complications, 333 
cyanosis in, 328 
developmental basis, 335 
differenbal diagnosis, 333 
ductus arteriosus, absence of, 332 
ductus arteriosus in, 332 
endocardial thickening of subpulmonary 
tract, 325, 326 
fetal state, 323 
foramen ovale m, 323 
futicbonal effects, 323 
lustorical aspects, 318 
incidence, 323 
iiitrapulinonaiy artenes, 327 
Urge defect, 306, 308 
paradovic embolism in, 334 
pathologic anatomy, 318 
postnatal state, 323 
prognosis, 333 
pulmonary atresia, 325 
pulmonary trunk, constnction of, 320 
Pulmonary valve, absence of, 320 
roentgenograpliic features, 329, 331 
Sex distribution, 323 
Small defect, 306, 317 
Squatting in, 328 
Surgical correction, 334 
tetralogy of Fallot, 317, 317, 318 
anatomic, 318 

without pulmonary stenosis, 290 
and coarctation of aorta, 311 
artificial, 298 
associated conditions, 310 
bacterial endocarditis in, 314 
cardiac catheterization in, 313 
cardiac failure in, 314 
common location, 299 

common to outflow and inflow portions of 
septum, 302 
complications, 314 
differential diagnosis, 312 
intracardiac circulation in, 295 
large defect, 306, 308 


left ventricular-right atrial communica- 
tions, 302, 303, 316 
multiple, 302 

occlusive pulmonary vascular changes, 314 
paradoxic embolism, 31S 
prognosis, 312 

pulmonary arterial system in, 307, 308 
pulmonary edema m, 315 
related to inflow portion of septum, 301 
roentgenograms of chest, 310 
sex distribution, 304 
small defect, 306 
with patent ductus arteriosus, 311 
with persistent left superior vena cava, 311 
with right aortic arch, 311 
Congenital nodular glycogenic degeneration, 516 
Congenital valvular endocarditis, 758, 759 
Connective tissue of endocardium, 116 
Connective tissue of heart, 72, 117 
Cono-tnincal region, malformations of, 296 
Constnctive pericarditis, 225, 705 
surgical correction, 1026 
Contact endocarditis, 714 

Contraction of heart, electrical and mechanical events, 
173 

Conus ligament, 1 14 

Copper deficiency in cattle, 522 

Cor biloculare, see Congenital malfonnations 

Cor pulmonale, 536, 540, 945 

diseases associated with, 541, 968 
from amyloidosis of lung, 235 
m mountain sickness, 948 
in schistosomiasis, $35 
Cor pulmonale, acute, 226* 957 

clinicopathologic correlations, 1003 
elevation of pulmonary capillary pressure, 227 
hgation of pulmonary artery, 226 
pulmonary air embolism, 226 
pulmonary embolism, 226, 541, 957 
Cor pulmonale, chronic, 227, 536 
Ayerza's syndrome, 227 
chronic pulmonary disease, 227, 541 
emphysema, 227, 541 
mitral stenosis, 227 
pulmonary fibrosis, 227 
pulmonary hypertension, 227 
Cor tnatnatuni, 484, 485, 486 

Cor triloculare biatnatum, see Congenital malforma- 
tions 

Cor triloculare bivcntriculans, 269 
Coronary artencs, 7, 64, 66, 108 
aberrant, 65 
amyloidosis, 503 
aiutomy. 556 
and sypiulis, 581, 755, 757 
aneurysm. 637, (U9, 640 
anomalous, 425 
and syphilis, 581 

communication vnth cardiac cliainlicr, 428, 

429, -130 

communication with pulmonary trunk, 430 

“congenital aneurysm,” 428 

in tetralogy of Fallot, 322 

ongiii from aorta, 425, 581 

origin from pulmonary tnmk, 427, 427, 129, 

5SO, 591 

origin from vcutncle, 430 
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relative, 218 
tests for, 221 

Coronary occlusion, 568, 582, 596 
airhytlimias in, 223 
associated phenomena, 222 
before 40 years of age, 587 
by neoplasm, 638 
cardiac rupture following, 222 
circulatory d>Tiaiiiics, 223 
clinical signs, 1004 
collateral circulation in, 223 
frequency in United States, 588 
from atherosclerotic plaque, 590 
hemorrhage in wall, 576, 585-587, 857 
historical, 556 

hypertension associated witli, 579 
m animals, 576 
in dextrocardia, 591 

insulin, relation of administration to, 579 

laboratory findings in, 223 

multiple Sites of, 568 

myocardial infarction following, 222, 604 

myocardial infarction without occlusion, 604 

of anomalous artery, 581, 590 

pain in, 222 

prognosis, 223 

rate of development, in relation to infarction, 
rale of development of infarction, 600 
relation to effort and emotion, 592 
seasonal Incidence, 575 
sites, 597 

Coronary perfusion pressure, 191, 192 
Coronary sclerosis, medial, in children, 569 
Coronary sinus, 5, 60, 62, 64, 96, 112, 117 
anomalies, 431 
atresia, 431 

communication with left atrium, 432 
dilatation, 431 
function, 147 

large communication with left atnum, 275 
obstruction, 638 

Coronary thrombosis, 562, 565, 590, 596 
definition, 562 
experimental, 855 
traumatic, 596 

Coronary vein, thrombosis of, 641 
Corpus arantii, 107 
“Corrigan’s pulse,” 17 

Coxsachie \inis infection, myocardibs in, 810 
Cnsta septoinarginahs, 106 
Cnsta supraventnculans, 104 
Crista ternunalis, 59, 103 
Cuvier, duct of, 38, 100 

Cyanide poisoning, effect on coronary blood flow, 231 
Cijanose tardive, 282 
Cyanosis 

associated phenomena, 217 
in congenital malfonnations, 216 
iiiecfiaiiisiiis prixliicing, 216 
Cyst of ht\ul, 864 

liliMxl cyst of valves, 885 
epitliclial, 883, 884 
hydatid. 836, 837 
of pericanliuin, 422, 423, SGO, 863 
Cysticcrcosis, 836, 836, 837 


D 

Death from acute coronary disease, 575, 589 
Death rate from atherosclerotic heart disease, 570, 575 
Deficiency diseases 

benberi, 234, 500, 520, 998 
potassium, 234, 522 
scurvy, 521 
vitamin E, 522 
Degenerative lesions, 197 
amyloidosis, 502 

basophilic degeneration of myocardium, 500 
chemical studies of glycogen m myocardium, 510 
fatly degeneration of myocardium, 507, 509 
fatty infiltration, 505, 506 
heat stroke, 500, 501 

hydropic degeneration of myocardium, 499, 500 
SOI 

in tuberous sclerosis, 514 
lipidoses, heart in, 509 
myocardosis, 501 
myocytolysjs, 500, SOS 

nodular glycogenic infiltration of myocardium, 512 
postmortem changes in heart, 497 
“rhabdomyoma,” 512, 525 
segmentation of myocardial fibers, 498 
thrombi and postmortem clots, 498 
Dermalomyositis, myocarditis m, 797, 797 
Development of heart, 24 

allantoic or umbilical arteries, 38 
aorta, segmental branches, 38 
aortic arches, 30, 35, 36, 37, 52 
aortie valve, 52 
atnal pnmordia, 30 
ntriovenincul.ir canal, 34, 45, 48 
atrioventricular canal cushions, 46 
atnoventncular valves, 57 
blood island in yolk-sac, 42 
cardiac jelly, 29 
cardiac pnmordia, 27 
chorionic blood supply, 25 
circulation, beginning of, 44 
circuiation in fishes, 26 
arculation, primary embryonic, 26 
common atrioventnciilar canal, 47 
conduction system, 67 
connective tissue of heart, 72, 116, 117 
coronary circulation, 64 
dorsal aorta, 29, 34, 35, 37 
dorsal interscginental arteries, 37 
ducts of Cuvier, 38 
ductus ortenosus, 83, 84 
ductus venosus, 41 

embryonic circulation, shunting nu-clunisnis in, ^2 
embryo, see Embryo 
endocardial cusliions, 47, 48 
endocardium, 28, 29, 63 
first blood corpuscles, 42 
foraincm ovalv, 19 
foramen secundum. 48, 49 
fiiroiuliuii of ch.imhers, 45 
liciMlic {Mirtal lirciiiatfon, 41 
iiifenor vena cav.i, 39, 10 
interatrial eoiniiiiiiikation-s, t2 
iiitcratnal septum I, 45 
intercalated disks, 32 
interventricular foramen, 50 
closure of, 54 
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of 3rd weelc, 27, 28, 34, 60 
of 4 weeks, 42, 43 
of 5tli, 6th weeks, 45, 60 
of 7th week, 47, 51, 68 
of 8lh week, 60 
of 11 weeks, 60 
third niontli, 49 

Enibryolog)’, see Devclopj»ent of Jjcart 
Emetine, effect on heart, 237 
Emphysema, sec Pulmonary empliysenia 
Encephalitis, epidemic, myocarditis in, 809 
Encephalitis in subacute bacterial endocarditis, 747 
“Enccphalo-myocarditis," 809, 810 
Endarterectomy for coronary atherosclerosis, 1037 
Endocardial cushion tissue, 31, 32, 57, 59, 72 
maldevelopment, 56 
“Endocardial dysplasia," 761 
Endocardial fibroelastosis, 759, 760, 761 
Endocardial fibrosis, 417, 418-421 
acquired, 763 

and left coronary artery arising from pulmonary 
trunk, 764 

and malignant carcinoid tumor, 782, 763, 763, 765 
circumscnbed, 766 
diffuse, 763 

in coarctation of aorta, 461 
localized, 766 
panetal, 7S9 
Endocardial pocket, 767 
Endocardial tuberculosis, 726 
Endocarditis 

abnormal cardiac function in, 232 
atypical verrucous, 751, 753 
in lupus erythematosus, 754 
myocarditis in, 797 
pericarditis in, 754 
pocket lesion, 753 
bacterial, acute, 712, 713, 721 
age, 712 

atrial fibrillation and, 729 
bacteria in, 713 

causative organisms, 712, 719, 720 
causes of death, 749 
complications, 742 
embolism in, 745, 746 
experimental, 754 
gonococcal, 722 
histologic changes, 717 
incidence, 712 
infarction in, 746 
inflammatory changes, 718 
localizations, factors in. 728 
location of vegetations, 714 
meningococcal, 722 
mural, 742 

myocardial changes in, 743 
orgamzation, 718 
pneumococcal, 713, 713, 720 
pnmary, 712 
Salmonella, 723 
secondary, 712 
sequelae, 718 
sex distribution, 712 
staphylococcal. 713, 720, 721 
streptococcal, 720 

supenmiiosed on old lahular de/onnitics, 749 
trauma, role of, 728 


ulceration in, 714 
valves involved, 712, 720 
valvular aneurysms, 714 
boctenal, acute and subacute, 

abnormal cardiac function in, 232 
atypical verrucous, 18, 751 
causes of death, 749 
einbohsra in, 745, 746 
expCTimcntal, 754 
infarction in, 746 
localization, factors in, 728 
myocardial changes in, 743 
supenmposed on old valvular defonmties, 749 
trauma, role of, 728 
bactenak subacute, 730 
age incidence, 730 
Aschoff bodies in, 738, 744 
“Bracht-Wachter bodies,” 744 
calciflcatiou of vegetations, 737 
causative organisms, 731 
climcopathologic correlations, 995 
complicabons, 742 
criteria for diagnosis, 739 
dental extraction m, 732 
distinction from acute bactcnal 
gross, 732 
microscopic, 735 
embolism, 995 
encephabtis, 747 
giant cells in, 734 
glomerulonephritis, 747 
gross changes, 732 
healing in, 740, 741, 742 
in atnal septal defects, 279 
in coarctation of aorta, 459 
in congenital anomalies, 749, 750 
III congenital puhnona/y stenosis, 396 
in old rheumatic xalvuhtis, 732, 743, 748 
m ventricular septal defect, 314 
in subaortic stenosis, 37J 
in sypliihUc aortic valvTilitis, 739, 748, 751 
Joneway Wiows, 747 
Lohlein’s nephritis, 747 
microscopic changes, 734, 735, 736, 737 
myocardial failure, 748 
myocarditis in, 798 
necrosis of renal glomeruli, 746 
of bicuspid aortic vaKe, 459 
Osier’s nodes, 747 
pericarditis in, 745 
portal of entry of organisms, 732 
rheumatic fever, relation to, 737 
sepbeemia, 747 
sequelae, 742 
splenic hyperplasia, 747 
Strcjitococcus sp., role of, 736 
valves involved, 731 
vascular munilalations, 995 
vegetation, 733, 734 
vegetations, healing of, 740 
Endocarditis 

Bouiilaud's three stages, 17 
chronic infectious, 740 
chronic septic, 740 
classification, 711 
contact, 714 

degenerative vcmic.d, 751 



INDEX OF SUBJECTS 


1127 


G 

Gallop rliythiH, 170 
Gargoyhiiu, 234 

Gassing by pnlnionary irntant, 230 
Giant cell aortitis, 910, 011 
“Girdle of Venus," 758 
Glomerulonephntis 

in atypical verrucous endocarditis, 75^ 
m subacute bacterial endocarditis, 747, 749 
myocardial changes in, 793 
Glycogen disease, 509 
Gonococcal 

endocarditis, 722 
myocarditis, 791 
Gouty heart, 504 

Granulomatous myocarditis, 799, 801 
Great vessels, transposition of, see Congenital mal- 
formations 

Gross examination of heart, 1043 
anatomy, 93 

congenital malformations, 1053 
dissecbon of heart, 1048-I0S2 
in valvular stenosis, 1047 
left inflow tract, JOSl 
opening of cliainbers, J045-1050 
right inflow tract, 1052 
Cumma 

of mitral valve, 7S8 
of myocardium, 16, 808, 908 

H 

Hamartoma 
of heart, 870 
of pericardium, 862 
Heart block, 204, 208, 210 
histOTica], 5, 18, 21 
in ventricular septal defect, 315 
Stokes- Adams seizures, 206 
Heart failure, 238 

central venous pressure in, 245 
circulation tune, 244 
clinical features, 1000 
dyspnea, 247, 248 
factors, 239 
fever in, 249 

functional disturbances, 241 
hepatic congestion, 247 
hypercapnia, 248 
hypoxid in. 248 
in myocardial infarction, 613 
in subacute bacterial endocanlitis, 748 
lactic acid in, 248 
myocardial weakness in, 238 
oxygen index, 243 
pleural tffusion, 247, 255 
pulmonary edema, 214, 244 
sodium chloride and water excretion in, 244 
systemic blood flow, 243 
s>slcmic edema, 247 
vascular capacity, 24Q 
venous pressure. 241 
\cnout rcU 2 ri}. 240 
work load, relation to, 238 
Ile.irt rate 

eifccl on cardiac output, ISO 
regulation, 183 


Heart sounds, 175 
Heart strain, 249 
Heartvvonn infection, 834 

Heat stroke, hydropic degeneration of myocardium 
in, 500, 501 

Hemangioendothelioma, 871 
Hemangioma 
of heart, 871 
of mitral valve, 640 
Hemochromatosis, 522, 523 
effect on heart, 234, 235 
Heniopeticardiuni, 697 
Hemorrhage 

cardiac, from trauma, 845 
in coronary artery, 576, 585, 585-587 
in coronary atheroma, 857 
in coronary occlusion, 576 
Hepatitis, epidemic, myocarditis in, 813 
Heterophydiasis, 836 
Higlt altitude 

hypoxemic necrosis in, 583 
myocardial infarction caused by, 512 
Histochernlcal procedures 

acid nmcopolysaccbandes, 1079, 1080 

acid phosphatase, 1073 

Alctan Blue-PAS, 1070 

alkaline pliosphatase, 1072 

amyloidosis, lOSl 

applications in disease, 1079 

arginine, 1078 

Aschoff body, 1080 

Aschoff cel), 1080 

ceroid pigment, 1072 

cholesterol, free and estenfied, 1078 

chohnesterase, 2, 1075, 1076 

conduction system, 1076 

dehydrogenase, 1075 

deso\ynl)osc nucleic acid-Fexilgen, 1078 

fat, 1071 

flbnnoid necrosis, 1080 

fibroelastosis for conductive system, 1081 

fungi, 1070, lOSO 

general directions, 1067 

general principles, 1067 

ground substance, 1079, 1080 

hemoglobin, 1075, 1081 

iron, 1070, 1081 

lipids, 1072 

miscellaneous lesions, 1080 

myeloid granules, 1074 

myocardial infarction, 1079 

nonspecific esterase, 1075 

o-iHicfeotidase, 1072, J074 

penodic acid-Schiff lucthotl, 1068, 1069 

peroxidase, 1073 

litesiinatic disease, lOSO 

nbonuckic acid-.Mcthyl Crtxn-Fyroninc, 1070 
Ritter and Olcson fHalc-l’AS>, 1070 
Sudan Black B, 1072 
Sudan IV, 1071 
sulfah>dryl groups, 1077 
Toluidmc Blue for inct.'ichromasia. 1071 
Jlislpgeitosis of coronary athtrowltru-is, 576 
Histology of heart, IIO 
atnum, IIG 
cndocanluim, 116 
t-picardiuin, 122 
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Levoalriocardinal >ein, 491 
Librnan-Sacks disease, 751, 753 
in lupus erythematosus, 754 
myocarditis in, 797 
Ligamentum artenosum, 98 
Ligamentum teres, 89 
Ligamentum venosus, 89 
Limbus fossae ovalis, 102 
Lipid metabolism, 901 
Lipidoses, heart in, 509 
Lipoma 

of heart, 864, 868, 869, 870, 871 
of pericardium, 860 
of ventricle, 868 
Loffler's endocarditis, 765 

Lohlein’s nephntis in subacute bacterial endocarditis, 
747 

Lupus erythematosus, 944 

Libman-Sacks endocarditis in, 754 
myocarditis m, 797 
Lutembacher’s syndrome, 278, 279 
Lymphatics of heart, 114 

M 

Maculae tendineae, 697 
Magnesium, increase In blood 
abnormal cardiac function, 234 
effect in dogs, 234 
Mahaim's paraspcciGc fibers, 142 
“Maladie de Roger, ” 309 
Malaria, heart in, 828 

Malformations of aortic arch in tetralogy of Fallot, 
331 

Malformations of aortic arch system, 438 
Malignant endocarditis, 740 
Malnutntion, effect on heart, 235 
Marantic en^cardiUs, 882 
Marfan’s syndrome 

cardiovascular lesions, 928, 929 
dilatation of aortic sinuses, 435 
in congenital aneurysm of aorta, 928 
Meals, on oatdsac oolpot, 22,9 
Mean static pressure, 181 
Measles, myocarditis in, 812 
Measurements of heart, 1062 
Medial calcification of coronary arteries, 569 
Medial coronary sclerosis in children, 569 
Mediasbnopericanlitis, 705 
Meningococcal infection 
endocarditis in, 722 
m>ocarditis in, 789 

Mercurial diuretics, effect on heart, 237 
Mesolhehoma 

of heart, 864, 875, 876, 876 
of pencardium, 860, 860, 861 
Metahohe disturbances affecting heart, 232, 519, 524 
Metastatic neoplasms of pericardium and heart, S78, 
880-882 

Miescher’s lubes, 830 

Mitral atresia, 286, 385, 385-387 

and premature closure of foramen ovale, 280 
Mitral commissurotomy m vaKuIar stenosis, 1028 
Mitral insufficiency 
congenital, 389, 390 
murmur in, 212 
surgical coTTcclion, 1030, 1031 


Mitral stenosis, 6, 670, 670, 671 
angina pectons in, 672 
Aschoff bodies in auricular appendages, 673 
atnal thrombosis in, 1027, 1029 
ball-valve thrombus, 673 
clinicopathologic correlations, 990 
commissurotomy for, 1028 
congcmtal, 388, 388 
Dexter’s stages in, 990 
early descripbon, 5, 6 
effects on heart, 672 
Graham Stcell murmur, 990 
left atrium, dilatation of, 672 
mural thrombi in, 672 
murmur in, 213 

“neostrophingic” techmque, 1028 
pulmonary lesions in, 672 
right ventricle, hypertrophy of, 672 
surgical correction, 1026, JD2S 
Mitral valve 

double orifice, 391 

surgical correction of calcified, 1027 
syphilis, 758 

Moderator band, 102, 106, 123 
Mortality rate in 

acute coronary disease, 575, 620 
coronary sclerosis, 570, 575 
myocardial infarction, 620 
Murmurs 

classification, 211 
grading, 210 

mechanism of production, 210 
Muscle of Lancisi, 137 

Muscular dystrophy, involvement of lieart in, 234, 235 

Mycotic aneurysm of aorta, 929 

Mycobc aneurysm of heart, 715, 745, 749 

Mycobc endocarditis, 725 

Myelogenous leukemia, pencardibs in, 704 

Myocardial capillaries, 112, 192, 560 

Myocardial contusion, 852 

Myocardial failure m subacute bactenal endocarditis, 
748 

Myocardial hypertrophy, 220, 226, 228, 533 
clinicopathologic correlations, 099 
"congenital idiopathic,’’ 541 
Myocardial infarction, 587 
abscess formation, 614 

age of patient in relabon to angina jicctons, 588 

and anomalous coronary arteries, 590 

and dioline, 578 

and strenuous acbsity, 592 

anbcoagulant tlicrapy in, 608 

"at a distance,’’ 593 

before age 40, 587 

cerebral infarction associated svith, 609 
clinical manifestations, 1004 
collagen, time of fonnatioii, 603 
complications, 1003 
coronary occlusion 
rate of, 593 
sites of, 597 

C-reartive protein in, 593 
defiiution, 562 
determining factors in, 591 
diagnostic laboratory tests, 594 

glutamic oxalacetic transainiuase, 59.5 
]rakoc> tosis, 594 
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unexpected death from, 780 
viral diseases, 809 
Myocarditis, rheumatic, C53 
Anitschkow myocyte, 656 
Asclioff body, “myofiber,” 659 
Aschoff cell, 656 
Aschoff nodule, 653, 654-660 
alterative stage, 655 
granulomatous stage, 655-657, 656 
healing stage, 657, 658 
in bundle of His, 601 
diffuse interstitial, 660 
macroscopic changes, 653 
“myocardial reticulocyte,” 656 
Myocardium 
abscess of, 18 
aging, 559 
amyloidosis, 502 
basophiLc degeneration, 500 
blunt injuries, 849, 856 
bullet wound, 845, 846 
calcification, 519 

clinicopathologic correlations in lesioiji of, 996 

contraction of heart in embryo, 67 

contusion, 850, 852 

course of fibers, 121 

endomysium, 119 

fatty degeneration, 19 

foreign bodies, 849 

histogenesis, 32 

hyperplasia, 543 

hypoxemic necrosis, 583 

m acromegaly, 524 

in chloroma, 888 

in hyperthyroidism, 524 

in hypothyroidism, 524 

in leukemia, 887 

in lymphosaTcoma, 883 

in myeloma, 883 

in myxedema, 526 

intercalated disks, 119 

intertrabccular spaces, 65 

ischemic, 569, J069, 1079 

laceration of. 848. 850, 851, 852. 854 

lesions of, chnicopatliologic correlations, 996 

limit of work, 238 

myofibnls, 119 

ossification, 519 

oxygen saturation in, before birth, 80 

penetrating injuries, 843, 847, 856 

ptnmysium, 119 

primordium, contraction rale, 69 

rate of pulsation in 4»day-old cluck, 70 

stab wound, 844 

trauma, 843 

“ulcer” of, 18 

vcntncle, left, deselopnunt of, 89 
venfnciilar, 126 
Myot.mlosis, 501, 780 

“Myocytes” of Anitschkow, 656, 057, 784, 786, 799 
Myocytolysis, 500. 505 
“Myomalacia cordis" 19, 20, 399 
Myxedema, 525, 526 

and coronary atherosclerosis, -582 
Hiiid ill pericardial sac, 697 
Myxoma 

pf atrium, surgical eorrecliun. 1038 


disbnetion from thrombus, 864 
of endocardium, 863, 864, 865, 867 
of heart, 864 
of valves. 867 

N 

Necrosis of pulmonary arteriole, 955 
Necrotizing arteriolitis, 956 
Neoplasm of heart, 859 
angioma, 864, 871 
angio-rcticuloma, 871 
classification, 859 
coclothelioma, 877 
conduction system in, 154 
cysts, 864, 884 
embolic to heart, 883 
fibroma, 864, 869 
fibrosarcoma, 874 
granular cell myoblastoma, 870 
baniartouia, 870 
heiiiangioendothehonia, 871 
Hodgkin's disease, S8S 
Kaposi’s tumor, 872 
leukemia, pencarditis in. 886 
leukemic infiltration, 887, 889 
lipoma, 860, 864. 868-870, 871 
marantic endocarditis, 882 
mesotlieiioma. 864, 875, 876, 876 
metastatic, 878, 878, 880-882 
myxoma, 864, 865, 867 
of node of Tnvvara, 876 
of pencardiiim, see Pencnrdium, neoplasms of 
primary. 860 

rhabdomyoma, 512, 515, 516, 863, 864, 872 
rhabdomyosarcoma, 863, 874 
sarcoma, 864, 872-874, 878 
sarcoma idiopathicum hemorrhagicum, 872 
surgical correction, 1039 
tricuspid valve, mct.'istatic to, 882 
Neoslrophingic mobilization of mitral valve, 1028 
Nerve cells, about atriovcntriailar node, 141 
Nerve fibers m sinoatrial node, 143 
Nervous and Immoral regulaUoii of heart, 183 
central meclianisms, 185 
conlrattibihty, 183 
coronary blood flow, 190 
coronary “chemoreflex,” 187 
excilabihty, 183 
heart rate, 183 
nerves. 64, 68, 128, 129, 183 
potassium and calcium, t/fect of, 187 
rate of conduction, 184 

Neurocircwlatory' asthenia, effett on cardiac uiitput- 
230 

Nicotine, eifect on heart, 23S 

Nicotinic acid, cifi-ct on lieart, 237 

Nocanlia alhicans, cndocardilix caused by, 723 

Node of Tawara, tumor of, 876 

Nodular glycoKcnic infillralion, 512, 5J2-,5i / 

.Vodiili alliim, 759 

NonlMcttrul thrumlmtic i-iidocanlitis, 75/ 

Nulntiunal diseases, la art in, >19 

o 

oblique Minis, 64. 99 

Oblique vein of (Marshall) kft atmiiii. Cf), 02. 100 
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OrUiopnca in heart faihirc, 2^ 

Oiler nodes, 7-17 
Osiification 

of coronar>- arfcrj’, 56.5 
of ni)ocardium, 519 
"OssificiT hearts, 10 

Osteitis difonnans, ciTeet on canli.ic output. 230 
Oitium infundilnili, stenosis of, 392, 39/ 

Ostium primum, 34. 50 
Ostium primum, persistent. 203 
Ostium secundum, 59. B1 
OvcTTuilntion, rote m alhttovtlccciMs, 577 
Ox>gcn index in heart failure, 243 

P 

Pacemaker, ssandenng. 201 
Pacemakers in heart, 09, 167 

Paget's disease of bone, effect on canluc output, 230 
Papillary muscles. 100, 107 
Paradoxic embolism 

in alnal septal defect, 201, 2S2 
in scntnaibr septal defect, 315 
Patal>-sis <if vocal cord in atnal septal defect. 27S 
Parasitic disease, 824 

Afncan sleepaiR sickness, S25 
amebic pcncariLlis, 824. 
balantidiasis, 829 
Chagas' disease, 820 
C)sticcrcosls, S3S, S3" 

Dimfilana tmmilU in dog. 834 
h}datid ost. 83" 
hook-worm disease, S33 
kala-axar, 837 

Irfsmaniasis, American nuicociitaneous. m)c>car> 
ditis in, 827 
malana, heart in, S28 
Mieschcr’s tubes, 830 
sarcospondiasis. &30 
strong) loidiasis, 832 
Toxocara conis, S33 

toxoplasmosis of ni>ocanlium. S29, 823 
trichina larvae in heart, 831, S32 
tnchinous ni)OcardiUs, 831, 832 
Tryijanasoma cruzi in ni)Ocard]um, S27 
tr>panosomiasis, South Amcncan, S25 
Pajasj-mpatliehc cardioinhibitory centers. ISO 
Panetal endocarditis. 714 
Parotitis, epidemic m)0C3rditu in, 812 
PxiiiJtionins of heart, 45. 59 
Pectinate muscles, 103, 104, 119 
Fencardxal sac, 94 
Pencardilxs, 6, C96 

abnormal cardiac functions, 232 
abscess, 16 
acbnomjcosis, 704 
acute, 698 
adhesive. 693 
amebic. 704, 824 . 825 
calcification, 37, 707 
cucumsenbed, 697 
clinicopathologie correlation, 9S3 
constricbve, 704, 707 
epistenocardica, 16 
Ebrinopuiulcnt, 700, 701 
healing m, 699, 699 
idiopathic, 763 


In at) pica) verrucous ciKlucardiUs, 73l 
In Chagas* disease, 820 
in infeciious muiKmiicleosu, 703 
in kafa-arar. 82" 
in monoc>tJc leukemia. 8S6 
in ni>e!ogcn(nis Inikcmla, 70/ 
in iii}oianllal infarction, C03. 605, 607 
in rheumatic heart disca.se. 6S0, 6.W-6W 
in subacute LictCTijI endncaiditic. 743 
macular iendmrae, 6*37 
nuik spots* 097 
non-inflanuiutary. 696 
oU ciraiinvcnlKt!, 697 
parasitic inftxljoris, 824 
pcnearditic psctidoarTlinsif. 10. 700 
Pick's s)-i>drt>mc, 7ii6, 707 
purulent, “(jO, 701, 710 
from trauma, SiO, 8/7 
rhetmijfic, 098. 707 
sjeca. 008 
v^-^duhtic, 701 
traiiiiutie. 850 

tui>rn.ii!ous, 10. 702, 703, 703 
uremic, COS. 70’ 
viral. 703 

with choU-vtcrol, 707 
IVricaidium, 03, 08, 99, 122 
absence of Jcfirt of, 422 
acute carduc cumpmvion, 2/4 
arutomy, OS 
blunt iniuricf, 849. 830 
calafKation. 51", 518 
congenital nialformatioas, 467 
devcfopnient of, 03 
hislonral, 7, 10 
ii}datiJ 837 
milk spots, 097 
neoplasms of. 10, 860 
angionsa. 800, 862 
ost. 10, 660. 803 
fibroma, 860 
hamartoma, 862 
l<ium>oma, 862 
Liwma. 860 

mesothelioma, 860, 860, 8€i 
nictaxtalic, 878 
pnmaiy, 860 
sarcoma, 860. 801 
teratoma, 802 
rcilecti'ons of, 6J 

Pernicious anemia, effect on heart. 531 
Pertussis, Ri) ocarditis in. 783 
PhIcbiOs in rheumatic heart disease, 634 
PItonocardiography, 176 
Mionograph needle in mjneanhum, 5/9 
Ph)sicai activity, relation to coronary atherosclerosis, 
574 

Ph)sical trauma, see Trauma to heart and pericardium 
Physiology of heart 

abnormal function, 200 
anhythmias. 200, 201 
digitalis in hyperthyroidism, 237 
disturbances of coronary circulation, 218 
extracardiac disturbances, 234 
myocardial metabolism, 240 
structural defonmties, 210 
Wolff-Parkinson-WTute syndrome, 204 
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of conduction system, comparative, 1-18 
normal, 166 

Bainbndge reflex, 187 
calcium, effect of, 187 

cannulating cardiac chambers, methods, 170 

cardiac cycle, 170 

cardiac mechanisms, intrinsic, 179 

cardiac movements, 174 

cardiac output, 177 

direct Fick principle, 177 
extrinsic mechanical factors, 181 
foreign-gas technique, 177 
indirect Fick principle, 177 
measurement of, 177 
posture, effect of, 182 
pulmonary trunk, pressure in, 180 
under various conditions, 178 
cardiovascular regulatory center, 186 
central venous pressure, 181 
conduction 

electrical units, 166 
of cardiac impulse, 166 
coronary "chemoreflex,” 187 
coronary circulation, 188 
electrokymography, 174, 178 
gallop rhythm, 176 
heart sounds, 175 
imtiation of cardiac impulse, 166 
imtiation of impulses, 183 
Jansh von Bezold reflex, 187 
jugular venous pressure, 172 
law of “all or none,” 168 
mean static pressure, 181 
myocardial metabolism, 187 
nervous and humoral regulation, 183 

factors affecting medullary centers, 186 
■'pacemakers,” primary and secondary, 167 
parasympathetic cardioinhibitory centers, 186 
parasympathetic fibers, 183 
posture, effect on cardiac output, 182 
potassium, effect of, 187 
pressure and volume curves, 170 
aorta and femoral artery, 174 
aortic pressure, 171 
atrial pressure, 171 
coronary pressure, penplieral, 192 
interventricular pressure, 171 
measiirenieiit of internal diameteir of 
ventricle, 171 

standard zero reference plane, 171 
stroke volume, 179 
ventncular volume, 179 
pressure m aorta and pulmonary (nink, 172 
pressure manometers, 170 
pulmonary capilkiry pressure, 172 
reflex effects 

from ciiemoreceplors, 186 
from pressoreceptors, 186 
refractory period, 163, 184 
regulation of 

cardiac output, 179 
excitability, 184 
heart rate, 183 
rate of conduction, 18 1 
spread of excitation in xciitncfes, 169 
s>mpatlictic cariho-accclcralor and xasueoiw 
stnetor centers. 18> 


sympathetic fibers, 183 
systemic arterial pressure, 173 
ventricle, measurement of internal diameters, 
171 

ventncular and atrial pressures, 171, ITl 
ventricular excitability, 168 
ventnculography, 175 
“wedge pressure,” 170, 172 
Woltf-Parkinson-VVliite syndrome, 168 
work of heart, 183 
Pick's syndrome, 706, 707 
Pigmentation of heart, 522 
bile pigment, 524 
hemochromatosis, 522, 523 
hemofuscin, 524 
hpochrorac, 524 

Pleural effusion in congestive failure, 247, 255 
Pneumococcal endocarditis, 720 
Pneumonia, myocarditis in. 784 
Pneumopencardium, 224, 697 

Pocket lesion in atypical verrucous endocarditis, 753 
Poisoning, S2S 
alcohol, 529 
benzol, 528 
carbon monoxide, 528 
digitalis, 529 
phosphorus, 528 
salicylates, 526 
silver, 524 
vitamin D, 518 

Pohomyebtis, myocarditis in, 809, 810, 811 
Polyarteritis, 944 

Polyartentls nodosa of coronary artery, 638, 639 
Polycythemia, 228 

Polycythemia vera and myocardial infarction, 592 

“Polyps" of heart, 868 

Pores of Kohn, “collateral respiration,” 973 

Postmortem changes m heart, 497 

Posttraumatic dysrhythmia, 853 

Potassium, deficiency of. 234, 522 

Pregnancy 

effect on cardiac output, 229 
myocardial changes in, 793 
Premature contractions, 201, 209, 210 
Pressure and volume curves, sec Physiology of heart, 
normal 

Pressure manometers, 170 
Pnniordtum, cardiopcricardial, 28 
Procaine, effect on heart, 237 
Prolonged conduction, 210 
Prolonged refractory period, 204 
Protein metabolism, disturbances in, 499 
Pscudoaneurysm of left ventricle, 61S, 619 
Pseudodivcrticulum of ventricle, 618 
Pscuttomoms aeruginosa, emlocaidjtis causnl 7 
Pulmonary air embolism, 226, 636 
Pulmonary artcnal aiieuo^i» 
and atnal septal defect, 278 
and ventncular septal defect, 315 
Pulmonary artcnole with necrosis of nmseks, 957 
Pulmonary arteriovenous fistula, 493 
Pulmonary artery 

disIcnUoii of peripheral end, 942 
mcdionecroMs in dissecting ancuo'ini 
IHilmonary atresia, 396 
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IjroiicliiA uricrif* in. Sij 
with ini.ict \fiilricul.ir M'ptuin, 39G~i00, 35)7 
I’ulmoiwry cjpill.ir>‘ prisMirc*. 172, 227 

l’iiliuQiur> cQiic, U) t, 103 
Pulmonary tliHMSc-s .-illt'clJn;' lic.irt, 911 
Piilnu)ii.ar>' ttlcnia 

acute heart failure, 211 
clironic heart failure, 21 1 
Pulmonary- chiIkiIisih. 220, .>11, 608, 0.77 
Pulmonary tmphyNona, 900, 97f 
ami tor pwlnmnale, 22T 
destrnttinn of aheolar tepla, 970 
(limini'.licti pumpuiK attion o! tliorav, 973 
lOitts of anoxia, 973 
los\ of el.uti(-il>. 071 
ohttrtittion «f litonchiolev, QG'I 
patho^tiiic fatlorx in, 968, 060 
pmitping tlfrct of re'pirator>‘ tnoxtiucirts, 069 
r«-spjralo)>’ lr<e in, 960 
traction, illitt of, 069 
vascular clunKcs in, 971. 972 
Ihilmonary fihrosis, 227 
PuinuHvaty hy^urtcnsion, 963 
.nlhexostlerosi' of, 0J9, 050 
cor pulmonale, 5 10 
fattorx ui, 9^7 

hipcrtrupli)' of nglit viiitncle, 1601 
clcctrixaniuit’raphic mriis, tOOl 
failure of nght veiitntic. 1002 
ph>sKal sjRm, lOOl 
primary, 018, 950, 957 
pulmonary am) car()l.ic fatlorv, 91) 
vicious otli's in, 965 
wc alio Cor pulmonale, acute, thronic 
PulmonorY stenosis, 319, 392-595 
hronthial artmes in, 325 
c.irtliatt talhittnzation in, 1024 
coRiphtations, 390 

in malignant carcinoid >>n(lroiiie. 764, 76> 
isol.-itetl, 301-39) 

stenosis of ostium {tifiindihiili 392 
MirRic.aI eorn-clion. 390. 1023, 1023. 1021, 102-% 
with int.icl scntncular stptum, 391 
Pulmonary trvinV. 

.incurysms, 940 

biventricular origin, 360 

coaslnclion of, 320 

dilatation of, evpcnnient.il, 94/, .945 

dissection, 947 

posts aleular stenosis, 320 

pressure in, 172 

with siib.torlic stenosis, 3f>0, 362 
Pulmonary valve 
absence of, 320 
anomalous. 483 
defomiities of, 678 
syphilis of, 758 

Pulmonary valvular disc.ise, 215 
Pulmonary vdns, aiiomaloiis drainage, 484, 490, 492 
classifuatiuii, (81 
coiniiioii, Icftatrnim, 484 
tungeiutal sleiwsis, 485 
in atrial septal defects, 263 
partial auoiiialous, 269, 492 
stenosis of, 485-487 
Mrgic.iJ reheJ, 486 
terminology, 484 
total anomalous, 4SS-489 


Ihilselcss disease, 912 
IHilsiis alterii-iiis. 202. 203. 205 , 209 
l\ilsii$ liigeniintis, 202, 200 
I'ulsus {MraiUiciis, 22 1 
IhirVifijuislls. 139. U4 

PiirVinje filnrs, 22, 71. 122. J23. 12J, 120, 127, 110, 
117 

I’yeiitla 

cardtjc rupture in, 7<i2 
iii>ocanlitis ill, 792 

Q 

Omudiiie. lifwt on Iiearl. 237 
^itsiiiH*, ctfixt on he.rtt, 237 

u 

lUflev c{[cx.{s 

fnuii chttmirtxepinrs, 186 
from ptfsvorectptnrs, IbO 
Il(fr.iilor)' psrsiiil of ventricle, 168, 169, ]8I 
pntloiigsvl, 20 1 
l(t-spir.itoO' li) tmvia, 230 
■‘Ilevcrsol ttxirctalimr of aortj, 913 
UlulHlontyonta of inyncaidmm, 512, .515, 803, 86i. 

«72 

liistusliniiical findings, 510 
lUiaUldintosarcoma, 80.3, 871 
lUicvinulic aortitis, 909 
HluiiinaUc fevtr 

abnoniu! scrum pnildtvi, 651 

IH'ricanhtis, 69S, 707 

siilMciite bacterial etKlucarditir, relalinn (n, 
737.739 

cxlcxckls 989, '.fJtl 
lUieiiiiutic heart disease, 643 
acute. 9 1 > 

Asclioif iHxJiile in. 14 , 630 
lijctcria, role of, O-hS 
cardiac IcvioiLs at necropsy, 040 
cliinalc in, 617 

clinicupathulugiu eomlalimw, OS*) 
euiKliiction system, 1.33 
exuonary scUrnsis, relation to, 5V> 
course*. 015, 610 
diseases of ad.iptalion, 619 
eiKlocanhtis, tie Hndiicanhli>, rheuiii.ilic 
etiology. 640 
vvciting causes, 6(7 
ev{Kminsiital rlaiinutic feser, 649 
bumioncs. rule of. 049 
liyaltiruiiidase, role of. 652 
iiKidencc of recurrence, 641 
law of coincidence, 613 
niyocardiUs, see Myocarditis, rhcsim.ilic 
natural histao\ 641 
patiujgenesis, 619 
palluignunuinle featurc-s, 649 
predisiHising causes, 640 
prevakiKe. Oil 
rixiirrsiit valvulitis, 66.5 
ItlKUJiialic piihiiunary valvulitis. 66J 
“lUiiUiiubc stigiiiala,” 609 
‘'Illieiiinatic ty'pe" of endocarditis, CO*) 
lUicumatoid aortic valvubtu, 680, 686, 687 
flhcumatou! aortitis, 909, 910 
niieiimatoid artimlis, 680 
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incidence of rlieuinatic licart disease in, 687 
iiijocardifis in, 796 
Rhyllims, abnormal, see Arrhyllmiias 
Rhythms ansing in sinoatrial node. 200 
Rings, salvailar, 114 

Rocky Mountain spotted fc\cr, ni>ucardi<is m, 814 
Roentgenk>niography, 174 
Rubeola, injocarditis in, 812 
Ituplure of heart, 22, 609, 610, 612 

associated with old healed infarcts, 612 
history, 5, 7, 14 
in pyemia, 792 
of coronary sinui, 616 
of papillary muscle, 613, 614 
physical exertion, 222, 612 
predisposing causes, 611 
rupture of papillary muscle, 613, 614 
tune of niptiire, 611 
Rupture of papillary muscle, 613, 614 

s 

Salicylates, action of, in rheumatic fever, 652 
Salmonella infection 
endocarditis in, 723 
myocarditis in. 791 
Sarcoidosis, 045 

of myocardium, 806 
Sarcoma 

of heart, 864, 872-874. 876 
of pericardium, 860, SOI 
Sarcoma idiopathicum hemorrhagicum, 872 
Sarcospondiasis, 836 
Scarlet fever, myocarditis in, 788 
Schistosomiasis 

cor pulmonale in, 835 
eggs in myocardium, 835 
of lung, 955, 9S9, 962 
Schmmeke’s pocket, 767 
Sclerodactylia in myocardial infarction, 616 
Scleroderma, myocardibs in, 798 
Scrub typhus, myocarditis in, 814 
Scurvy, 521 

Segmentation of myocardial fibers, 498 
Senile heart disease, SS9 

Septum membranaceum, 103, 115. 116, 118, 123 

Septum pnmuin, 59, 75, 102 

Septum secundum, 59, 75, 81 

Septum spunuin, 59, 62 

Serous inyocardiUs, 502. 802 

Shape of heart, 93 

Shock, effect on cardiac output, 231 
Silver poisoning, 524 
Single alnuni, 269 

Sinoatrial node, 73, 123, 126, 133, 134, 135 
function, 146 
initiation of impulse, 183 
Sinus of Valsalva, 118 
Sinus venarum, 60, 62 
Sinus venarum cavarum, 103 
Sinus venosus, 32, 60, 01, 63, 71, 74 
remnants of valves, 287, 2S8 
Situs inversus, 363 
Size of heart, 8, 12. 35, 534 
in aortic insuificienty, 677 
Smoking 

and coronary .itJ}erosc]ero.sis, 573, 5S2 
effects of, 237 


Smooth muscle in cndoc.ardium, 58, 116 
Sodium cldonde and water excretion in lieail failure 
244 

“Solitary pulmonary hypertension,” 956 
Sparganosis, 839 

Sphygmomanometer, invention of, 21 
Spongiosa of cardiac valves, 716, 717 
Spread of excitation m \ entncles, 169 
Squatting, in pulmonary stenosis, 328 
Stab wound, 844 

Stagnant hypoxia, effect on cardiac output, 231 
Standard zero reference plane for measuring pres- 
sure, 171 

Staphylococcal endocarditis, 720, 721 
Starling’s law of heart, 240 
Starvahon. 519, 527 

Stenosis of ostium infimdibuli, 319, 320 
Stukes-Adams seizures, 206 
“Stone” heart, 16 

Stnng galvanometer, invention of, 21 
Strongyloidosis, myocarditis in, 832 
Structure- of heart, see Anatomy of heart 
Subacute, bactenal endocarditis, 730 
see Endocarditis, bacterial, subacute 
Subaortic stenosis, 769 

and biventncular origin of pulmonary trunk, 362, 
363. 370 

clinical signs in, 988 
contplicabons, 371 
prognosis, 371 

subacute bactenal endocarditis, 371 
Sudden death 

after administration of drugs, 585 
from coronary disease, 589 
from myocardibs, 780 
in aortic stenosis, 676 
Sulcus tenninalis, 60, 62, 109 
Sulfonamide dnigs 

myocardibs from, 802, 803 
Supenor mesenteric artery, 38 
Superior vena cava, 62 
Supraventncular crest, 104 
Surgery of heart, 1015 

.'ineurysin of aortic sinus, 436 
aortic rcgurgitabon, 1033, J034-/036 
aorbe septal defects, 1021 
aorbe stenosis, 410, 1031 
atnal septal defects, 1017 
Beck’s operations, 1037 
Blalock-Taussig operation, 1024 
Brock’s operation, 1024 

cardiofiulmonary bypass, 1017. 1029. 103J, IO33 

closed inlracardiac metliod, 1017 

constncbve pencarditiv, 1026 

coronary endarterectomy, 1037 

conreebon of shunts, 1016 

for coronary athcrovclcroMs, 1035 

hyixitlicnnia m, 1017 

mitral jitsufncirncy, 1030, 1031 

mitral stenosis, 1026, W28. 1029 

mulbplc lesions. 1015 

myaotiia of atnum. 1038 

neoplasms of heart, 1038 

patmt ductus artenosus, 447, 1022 

palliupliysiologic f.ictors, lOlG 

Potts-Smitli operation, 1024 

principles. 1017 
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prosUieies, use of, 1017, 1029, 1032, 1033 
pulmonaT>’ slenosis, 390, 1024, 1025 
pulmonic stenosis, 1023, 1023 
resascularization, 1036 
tetralogy of Fallot, 1024, 1025 
tncuspid stenosis, 1035 
truncus arteriosus, persistent, 364, 366 
tuberculous pericarditis, 1026 
\entncle, aneurism of, 1038 
ventricle, fistula of, 1022, 1038 
vcntncvilaT diverticulum, 1038 
ventncular septal defect, 315, 334, 1019 
Yineberg’s operation, 1037 
wounds of heart, 845 

Sympathetic cardio-accclerator and vavoconstnclor 
centers, 185 

S>'nipathetic chemical mediators, effect on heart, 228 
Synchronization of atnal and ventricular beats, 204 
S>nechia cordis, 705, 707 
Syphilis 

and anomalous origin of coronary artery, 581 
of coronary artery, 15, 581, 755, 757, 909 
of heart, liistorical. 6, 15 
of mitral v.nlve, 758 
of m>ocardiuin, 16, 808, 908 
of pencanlium, 704 
of pulmonary valve, 758 
relation of coronary sclerosis to, 580, 581. 009 
Syplulitlc 

aneurysm, erosion of vertebrae, 912, 9N 
aortic insufficiency, 755. 756, 009 
clinicopathologic correlation, 994 
distinction from rheumatic tmufficiency, 994 
aortic valvulitis, 755, 756 

bactenal endocarditis, supeninpovcd on. 739. 
748, 751 

aortitis, 904. 906, 905-909 

atherosclerosis superimposed on. 909 
cardiovascular involvement in, 907 
incidence, 90S 
prognosis, 908 
myocarditis, 807 

conduction system in. 1S3 
Systemic artenal pressure, 173 • 

Systemic blood flow in dirome heart failure. 243 
Systemic edema in congestive failure, 247 
Systolic pocket, 768, 769 
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Tables 

aneurysm, dissecting aortic, anatomic site of in- 
bmal tear id, 920 

aneurysms, aortic, sypluUtic, race, v«, and ana- 
tomic location, 914 

aneurysms, 363 aortic; etiology and location of. 
915 

aneurysms, dissecting; location and extent of intra- 
mural dissection in, 920 

aortic aneurysm, locatton, etinlogy and age in, 913 
arachnodacty ly, cardiovascular lesions in, 929 
arrhytlimias, differential diagnosis of, 207-210 
atrial septal defect, age at dcatli m 62 cases, 276 
bactenal endocarditis, acute, age and vex inci- 
dence in 151 cases, 712 

blood cysts (telangiectases) on heart v'aKes of 
newborn infants, 885 

cardiopulmonary disease, classification, 941 


cor pulmonale, diseases associated with, 968 
loionaiy atlicrosclcrosis, microscopic grading, 567 
dissecting aneurysms, effect of tear of re-entry on 
period of survival, 919 
cinpliy'scsna, pathogenetic factors, 968 
endocarditis, active terminal; cause of death and 
age at death, 752 

endocanlitfs, acute; incidence of involvement by 
certain liaclena, according to age by dec- 
ades. 713 

cnducardiifs, bacterial; causative organisms in ris 
latum to situ of involvement, 720 
ciidoeanlitis. bactenal; frerjuency in congenital 
inal/orniations, 750 

endocarditis, bacterial; fmjucncy of involvement 
of valves by several bacteria, 720 
endocarditis, bacterial; incidence of infarction, 746 
endocarditis, fretpicncy of involvement of valves 
by Fneumococcus, 721 

endocardiUs infective; causative bacterium in 306 
casts, 710 

endocarditis, siibaculo bacteiul; frequency of in- 
volvement of valves and mural endocar- 
dium in 50 patients, 731 

endocarditis, subacute bacterial; histologic entena 
of healing, 741 

endocarditis, subacute bacterial; incidence of M- 
cholf bodies in, 738 

endocarditis, subacute bacterial; microscopic 
changes found in 35 cases, 743 
endocarditis, subacute bactenal. organisms Tceov» 
cred from 157 paU'enb, 731 
heart failure, factors in. 239 
heart, thickness of walls, 1065 
lipoproteins of liuman plasma, compositloti aneb 
properties of, 902 

myocarditis; associated disease or clinical coodb 
lion m 1042 cases, 781 
myocarditis, classification, 782 
myocaiditis, comparison of findings in scrub !>’' 
plius, epidemic typhus and Rocky .Moun- 
tain vpoUed fever, 814 

myxoma, disft'nguisiing /eafures from organizi-iJ 
tlironvbi, 663 

neoplasms arising from heart, 864 
ncoplasnvs of heart, pninary; incidence at autopsy, 
863 

neoplasms of pericardium and heart, secondary; 

modes of involvement, 881 
neoplasms of pencordium and lieart; source of 118 
secondary tumors of, 879 
neoplasms of pericardium, frctiuency of, 860 
pulmonary hypertension, factors, 947 
pulmorury trunk and valve in children, size of, 
1064 

rlieumatic heart disease encountered in 796 au- 
topsies. types of, 665 

theumabc heart disease, v.slves Involved m 779 
autopsies, 667 

sypinlis, cardiovascular; incidence and prognosis 
of. 9QS 

syphilis cardiovascular involvement in late or la- 
tent, 907 

tricuspid atresia, congciutal; anatomic classifica- 
hon, 377 

valves circumference of, 1064, 1063 
weiglit of heart in females, 1060, 1061, 1063 



weight of heart in males, 1060, 1061, lQ63 
weight of vanous parts of the heart, IQss 
weights of hearts of infants and children, 1061, 
1063, 1064 

Tachycardias, see Anhythmias 
Tamponade 

experimental, 845 
from trauma, 845, 854 
Taussig-Bing complex, 359, 361 
Telangiectatic vessels of valves in newborn, 885 
Teratoma of pericardium, 862 
‘Terminal endocarditis,*" 752 

Tetralogy of Fallot, 55, 296, 303, 317, 1Q24 102S. 
1026 

and anomalous coronary arteries, 322 
cardiac cathetenzation m, 987 
chnicopathologie features, 987 
endocardial fibrosis of subpulmonary tract, 326 
pulmonary atresia, 325 
pulmonary trunk in, 987 
systemic artenal destruction, 324 
with Tight aortic arcli, 329 
widi severe pulmonary stenosis, 324 
Thebesian valve, 104, 112 
Thiamine deficiency, 520 
effect on heart, 234 

Thromboangiitis obliterans, relation to coronary ar- 
teries, 580 

Tluombo-endocarditis septica, 711 
Thrombosis of left atrium, 673 
ball-valve, 673 
Thyroid disease 

affecting heart; historical, 20 
and coronary atherosclerosis, 581. 582 
Toxins as cause of endocarditis. 727 
Toxocara canis, 833 

Toxoplasmosis, causing myocarditis. 801, 8O3 829 
829 

Trabeculae cameae, 104 
Traction on heart, effect of, 224 
Transmural infarction, 606, 6J0 
Transverse sinus, 64, 100 
Trauma and coronary disease, 596, 855 
Trauma to heart and pericardium, 843 
abnormal cardiac function, 232 
bleeding into coronary atheroma, 857 
blunt injury to heart, 849, S55 
bullet uound, 845, 846 
cardiac tamponade, 8^5, 847 
clinicopathoiogic correlations, 1013 
coronary insufficiency, acute, 857 
direct effects, 843-856 
iatrogenic, 

indirect effects, 836-857 
laceration from fail from height, 851 
lead shot in myocardium. 849 
myocardial contusion, 852 
nonpenetrating, 1013 
penetrabng, 843, 1013 
pcrica^itis, purulent, 840, 847 
phonograph needle in myocardium, 849 
posttraumatic circulatory faiiurc, 857 
stab wound, 844 

Traumatic coronary tlirombosis, 590, 855 
Trichina larvae in heart, 831, 832 
Tnchinons myocarditis, 800, 802, 831, 832 
Tricuspid and mitral ammli, S8 


Tricuspid stenosis, c-ongemtal, sec Congenital mal- 
formations 
Tricuspid valve 

congenital defects, see Congenital nialfonnatior 
metastatic carcinoma to, 882 
syphilis, 758 

Tricuspid valvuhtis, chnical signs in, 993 
Tiuncus arteriosus, 30, 52, 60, 61, 63 
development, 35 
surgical correchon, 1021 
Truncus arteriosus, persistent, 364, 366 
coronary arteries in, 367 
partial, 3S8 
Truncus septum, 61 
Trypanosomiasis, South American, 825 
Tuberculosis 
of aorta, 910 
of endocardium, 726 
of myocardium, 804, 805 
of pericardium, 16, 702, 703, 703 
surgical procedure for, 1026 
Tuberculum intervenosum of Lower, 104 
Tularemia, myocarditis in. 792, 800 
Tomer’s syndrome, in coarctation of aorta, 459 
Typhus, epidemic, myocarditis m, 814 

u 

Umbibcal vein and arteries, involution, 89 
Umbibcal veins, 40, 41, 43 
"Undefended space,” 105 
Undemulrilioii, 519 
Uremia 

myocardial changes in, 793, 793, 794 
pericarditis in, 698, 698, 702 

V 

Valve of infenor vena cava, 103 
Valves of heart, 107, 116, 122 
amyloidosis, 503 
anatomy, 716. 717 
annulus. 716, 717 
blood vessels in, 728 

congeiutal defects, see Congenital malformations 
cusps, 107 

cutting of blocks of tissue, 1051 
“deformed face,” 122 
dissection of, at autopsy, 1047 
fibrosa. 716, 717 
"holding face,” 122 
layers of, 122, 7/7 
lunulae, 107 

Sinuses of Valsalva, 108 
spongiosa, 716, 717 

Valvula foraniinis ovabs. 82, 86, 87, 88, 101, 104 
postnatal changes, 87 
Valvulae venosae, 62 

Valvular aneurysms, in bacterial cndocardi 
740. 741. 742, 743 
Varicella, myoc irditis in, 813 
Varices 

of heart, 641 
of mitral valve, 640, 810 
Vascular rings, 462, 465, 467’47l 
classificaUon, 463 
Vcmm; JJJ 

cardinal. 38. 39. 43, 02 
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pathology of the heart 


coronary, 111 r -tj 

coronary %cin, tlmniu>o‘'»'» ‘>t- ' 

great \cini of heart. fiO 
inferior \cna ca^a, 

100 

pulmonary, 61. 64. 98 

anomalous connechons 69. 4SS 

surgical conettion, 1018. JOiJ. 
congenital stenosis of. 425 
in atnal septal 7 “ 

superior \ena ca\a, left. 311. 48J. 48- 
thebesian. 114 

thoracic, inaUomulions ot. 481 
trauma to, 855 
Vena ca\a 

connection svitli left atrium. 48- 
inferior, continuous ssnth a7ygos vein, 483 
left superior, 481, 482 
Venae nunimae cordis. 65 
Vencruela, chrome m>ocarditis of, 80o 
Vcnoluiniiul vessels, U9. 120 
Venous pressure 

in acute heart failure. -41 

Veiious return m heart failure. 240 
Ventricles 

independence of two. 

measurement of internal diameters. 171 
Vcntncnilar 

and atnal presvurw. m 
aneurysm, 815-619, 616 
rupture of, 817, 619 
surgical correction, 1038 
JilaUbon, acute, 250 
excitability, 168 

fibnllation. 169. 202. 203. 209 
hypertrophy, 250 

septal defects, see Congemlal malformations 
tone, effect on cardiac output, 181 
solume and stroke-voUime, 179 
Ventnculography, 175 
Vestigial fold of Marshall, 100 


Viral disease 

niyucarditis in, 809 
ptric-nxlitis in, 703 
Visceral larva niigrans, S3'l 
Vitamin H di ficiemy. 520 
Vitamin C dcfituncy. 521 
Vitamin D iiitciMcation, 518 
Vitamin E dcricicnty. 522 
N'niiniie of heart, 240, 533 
JimscHs formula, 533 

w 


Waterliousc-Fridcnchstn syndrome, 790 
“Wedge pressure,” 170, 172 
Weight of heart, 95, 534, 1060-106-1 
in females, lOfiO. 1061, 1063 
in nwles. 106(t. 1061, 1063 
of infants and children, 1061, 1063, 1®^ 
WoIff-ParUnson-White syndrome, 168, -04, -10 
cundnetiun system, 151 
Work of heart, 183. 220 
Wounds of heart 

blunt, 849. 855, 856 
Imllct, 845 

clinicopalhologic correlations, w6 
contusion, 850, 852 
foreign lilies, 847, 849 
itvabng, 847 
iatrogenic, 854 
laceration, BSO, 851, 852, 854 
from fall from height, 851 
of coronary vessels, 855 
penetrating, 843, 847, 856 
sul), 844 

surgical closure of, 845 
\V„rhercna bancroHi in heart, 834 


Xanthomatosis, 901 
X-radiation, effect on heart, 5o0 

Y 

5eilow fescr, in>cx:arditis in, 813 

z 

Zalm's pocket, 767 



